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CURRENT STATUS OF CUTTHROAT TROUT SUBSPECIES 
IN THE WESTERN BONNEVILLE BASIN

Terry J. Hickman1 and Donald A. Duff2

A b s t r a c t .— Recent discoveries of native cutthroat trout populations i i |  desert mountain ranges on the western 
fringe of the Bonneville Basin have prompted intensified management efforts by state and federal agencies. Anal­
ysis of Snake Valley cutthroat specimens in Trout Greek, Deep Creek Mountain Range, Utah, indicate this is a 
pure strain of the trout which once inhabited Pleistocene Lake Bonneville and which was thought to be extinct 
in Utah. The Snake Valley cutthroat is similar to Salmo clarki Utah of the eastern Bonneville Basin; however, 
electrophoretic and morphomeristic analysis show unique genetic differences brought about by long-term isolation 
(8,000 years) from the remainder of the Bonneville Basin cutthroat. This cutthroat is a common ancestor to sever­
al other limited cutthroat populations within the basin in Nevada. In May 1977 the BLM withdrew from mineral 
entry about 27,000 acres within the Deep Creek Mountains for protection of this salmonid Cutthroat and other 
unique resources on the range. Results of 1977 stream surveys on the Pilot Peak Mountain Range, Utah, indicate 
the presence of the threatened Lahontan cutthroat, Salmo clarki henshawi, in one isolated stream.

The ancient Pleistocene Lake Bonneville 
in the Great Basin once supported a cut­
throat trout, native to the Snake Valley 
area of Utah-Nevada, which abounded in 
the area’s several streams upon the lakes 
decline (Hickman 1977). Because of deterio­
rating habitat the cutthroat population rap­
idly diminished in the twentieth century to 
a point where it was believed to be extinct 
within its native range (Behnke 1976a) (Fig. 
1

In 1953 Ted Frantz, Nevada Fish and 
Game Department, discovered a cutthroat 
trout population in Pine Creek on Mt. 
Wheeler, Nevada (Frantz and King 1958). 
Samples were sent to Dr. Robert Miller, 
who indicated they represented pure cut­
throat trout. But Dr. Miller was unable to 
assign them to any described subspecies (let­
ter from Dr. Miller to F. Dodge, 26 May 
1971). Though it was assumed this cutthroat 
was introduced from Trout Creek drainage 
of the Snake Valley area (Miller and Alcorn 
1946), this seems unlikely when one consid­
ers that there were streams closer to Pine 
Creek which probably contained cutthroat 
trout (Lehman, Baker, Snake, and Hendrys 
creeks). Behnke (1976a) indicates the most

logical origin of the Pine Creek cutthroat 
was from Lehman Creek (Mt. Wheeler 
tributary of the Snake Valley region) via 
the Osceola Ditch, constructed as a pioneer 
waterway.

During 1953 the Nevada Fish and Game 
Department introduced 44 fish from Pine 
Creek into Hampton Creek, Nevada. A sec­
ond transplant of 54 cutthroat from Pine 
Creek was made into Goshute Creek, Ne­
vada, in 1960. The Nevada Fish and Game 
Department, assuming these were Utah cut­
throat, Salmo clarki utahx closed these 
streams to fishing and listed S.c. Utah as an 
endangered species in Nevada. Mr. Frank 
Dodge, Nevada Fish and Game Depart­
ment, in 1972 found a population of cut­
throat trout in the headwaters of Hendrys 
Creek (Mt. Moriah tributary of the Snake 
Valley region) which resembled those found 
in Pine Creek. Following this, several un­
successful attempts were made by the Ne­
vada Fish and Game Department to locate 
additional pure populations of cutthroat 
trout in the Snake Valley area of Utah and 
Nevada.

In 1973 the BLM (Utah) began stream 
habitat surveys in the Deep Creek Moun-

'Department of Fishery' & Wildlife Biology, Colorado State University, Fort Collins, Colorado.
fisheries Biologist, U.S. Bureau of Land Management, Utah State Office, University Club Building, 136 South Temple, Salt Lake City, Utah 84111.
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Fig 1. Area map location showing the western Bonneville Basin area.



' «3 F,SH HABITAT CHANGES IN SUMMIT CREEK, IDAHO 
" AFTER FENCING THE RIPARIAN AREA

INTRODUCTION

Charles Keller, Loren Anderson, and Paul Tappe!1 
U.S. Bureau of Land Management, Salmon, Idaho

From Grazing/Ripariar 
Forum:Denver, Co1o» 
11/36:4/1978 
Pubiished:T.U.-3/79

The lost streams of Idaho originate in the mountains 
west of the Continental Divide and flow south to the desert 
lands of the Snake River Plains. There they sink into lava 
beds before reaching the Snake River; hence the name 
'lost streams.” These streams, the Big Lost River, Little 
Lost River, and Birch Creek have apparently been isolated 
since the early Pleistocene (Stearns, Crandall, and Ste­
ward 1938). The three Lost River systems probably con­
tribute to the “Thousand Springs“ aquifer complex near 
Hagerman, Idaho.

Summit Creek is a primary tributary to the Little Lost 
River in east-central Idaho. After arising from a small
group of springs on a state section of land, itflows through
2i4 miles of public land before entering private land 
(Fig. I).

Summit Creek flows through a broad, semi-arid, 
high-elevation sagebrush basin about 40 miles north of

’Present Address: Humboldt State University, Areata, California 
95521.

Howe, Idaho (Fig. 2). The basin is flanked on the east by 
the Lemhi Mountain Range and on the west by the Don­
key Hills and Lost River Mountain Range. Pronghorn 
antelope, deer, sage grouse, and numerous species of non­
game birds and mammals frequent thè area. The area 
receives about 15 inches of precipitation each year. Snow 
accounts for 5 inches of the annual precipitation. Summit 
Creek receives little overland runoff from the surround ing 
land.

Most of Summit Creek originates at Iron Springs, 
which moderates streamflows and water temperatures. 
The basic productivity of Summit Creek is closely related 
to its relatively constant flow and temperature. Stream- 
nows measured 0.5 ripile below Iron Springs were the same 
in August 1977 and August 1978 (9.4 efs), even though 
1977 was an extremely low runoff year in much of Idaho. 
Streamflows measured at various points along the stream 
in 1978 ranged from 9.4 to 10.5 cfs.

Water temperatures near the springs remained 
between 49° F and 55° F from January 10, 1978 to May 10,
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Figure 1. Summit Creek study area.
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1978. During the same time, stream temperatures 2 miles 
below the springs fluctuated between 33° F and 60° F Fig­
ure 3 illustrates the relatively wide temperature range 
encountered where the county road crosses Summit 
Creek, compared to the moderate temperature regime 
found near the Iron Springs outlet.

According to a survey by Hubbs and Miller (1948), 
cutthroat trout, Dolly Varden, and sculpin were the origi­
nal fish present in Summit Creek. These fish represented a 
partial relict of upper Snake River fauna prior to the lava 
flows.

Idaho Department of Fish and Game Biologists 
believe that the upper few miles of Summit Creek furnish 
most of the spawning habitat for the entire Little Lost

Figure 2. Aerial view of Summit Creek study area. Iron Springs is in 
lower right corner.

River and that it is a major wintering area for fish escaping 
the harsh winter environment lower in the drainage. 
Because of Summit Creek’s natural productivity, several 
attempts have been made to maximize fish production in 
the stream.

In 1968, Idaho Fish and Game personnel constructed 
an experimental trash catcher in upper Summit Creek. 
Subsequent electrofishing revealed that trout congregated 
in the vicinity of the structure (Jeppson 1971, personal 
communication).5 Nine additional trash-catcher-type 
structures were installed by Idaho Fish and Game during 
1971. Placement of these structures was on state and pub­
lic land, approximately 0.25-0.75 miles downstream of 
Iron Springs. In addition, 12 old bridge timbers and 
planks were installed as water deflectors and artificial 
cover in an effort to enhance fish habitat.

Supplemental stocking of Summit Creek by Idaho 
Fish and Game was started in 1941 and continued through 
1977. No fish were planted in 1978, so this study would not 
be influenced by artificial stocking. Observations by 
Bureau of Land Management (BLM) personnel indicated 
that most fishermen harvest hatchery stock and catches 
included very few wild fish.

Historically, deer, elk, antelope, bighorn sheep, and 
large herds of buffalo used the riparian zone of Summit 
Creek prior to the introduction of domestic livestock in the 
late 1800’s. Cattle and sheep have been the primary grazers 
for the last 100 years. Wild and domestic horses also uti­
lized the stream, but for a shorter period.

Streams such as Summit Creek which flow through 
deep soils and grassy meadows can be significantly 
impacted by livestock grazing. Armour (1977) summa­
rized livestock impacts on rangeland streams, such as 
those occurring on Summit Creek:

2Paul Jeppson, Idaho Fish and Game, Idaho Falls, Idaho.
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“Livestock can alter the quality of stream habitat by 
, 'damaging banks and decreasing the density of stream- 

side vegetation. Bank damage, besides contributing to 
erosion and alteration of channels, can eliminate impor­
tant trout habitat associated with banks. When stream- 
side vegetation is cropped unacceptably, erosion and 
sedimentation are promoted. If shading is decreased, 
water temperatures can elevate to levels unsuitable for 
trout. Sedimentation can lessen trout reproducti ve suc­
cess and the production of aquatic insects which are the 
predominant food base.”

Excluding livestock from damaged stream areas to 
allow recovery of the streamside vegetation and bank sta­
bilization is a proven management technique to improve 
trout habitat. Successful streambank fencing projects 
have been documented in Nebraska (Van Velson 1977); 
Oregon (Winegar 1977); Utah (Duff 1978); Wisconsin 
(White and Brynildson 1967); and elsewhere.

In an effort to protect fish habitat and the riparian 
environment, the Salmon District, BLM, fenced about 2 
miles of Summit Creek after the 1975 grazing season. The 
project was completed with full cooperation of the live­
stock grazing permittee. Since 1975, changes in the ripar­
ian and stream environments have been documented both 
inside and outside the fenced area. In 1978, the study was 
expanded to include fish population sampling in both
fenced (ungrazed)and unfenced (grazed)portionsof Sum-
mit Creek.

Because of existing fence locations, it was more econ­
omical and facilitated better livestock distribution to “tie- 
in” to existing fences rather than fence parallel to the 
stream channel (Fig. 1). Fence construction was such that 
antelope and deer continue to use the project area. Three 
water gaps were constructed to provide livestock watering 
areas in both pastures. The entire exclosure (302.3 acres) 
contains 235.2 acres (77.8%) of sagebrush-grass, 45.1 acres 
(19.9%) of meadow, 16.0 acres (5.3%) of riparian/ aquatic 
habitat, and 6.0 acres (2.0%) of county road.

METHODS

Eleven permanent stations were established along 
Summit Creek in 1976 so stream habitat changes could be 
monitored (Fig. 1). Stream habitat was resurveyed in 
1978; stream width, average water depth, pool class, aqua­
tic plants, bank cover, streambank stability, and degree of 
ungulate damage were compared to 1976 conditions 
(Tables 1,2, and 3). Three new stations were established in 
1978 immediately below the exclosure for future monitor­
ing (Fig. 1).

In 1976, photographs were taken of each station plus 
additional points along the stream. Photographs were 
taken at the same location and at the same time of year in 
1977 and 1978 to document changes in the aquatic and 
riparian zone.

Because a visual stream survey was used to quantify 
habitat changes, the data presented cannot be analyzed 
with rigorous statistical methods; however, for manage­
ment purposes, correlating the photographs with the mea­
sured and/or observed habitat changes adequately 
describes what has occurred on Summit Creek since live­
stock were excluded from the sections of the riparian area.

TABLE 1. Characteristics of Summit Creek electro- 
fishing stations, Summer 1978a

Average Average
width depth Streamflow Number of Surface 

Station (ft;) (ft-), .-,  (cfs) pools acres

1F-1b 12.9 0.8 9 4
1F-2q 7.6 0.8 10.5
S-1d 10.9 0.8 10.0
s * 2e 12.1 1.0 9.4

^Refer to Figure 1 for sampling locations.
bGrazed/brush.
cGrazed/sageb rush-grass.
dUngrazed/brush.
eUngrazed/sagebrush-grass.

Summit Creek trout population densities were esti­
mated in the summer of 1.978, using the two-catch method 
described by Seberand LeCren(1976). Due to manpower 
and equipment limitations, no sampling of fish popula­
tions was conducted in 1976.

Four 200-foot stream sections were randomly 
selected, Stations S.||| &nd S-2 were within the Salmon Dis­
trict’s fenced stream area and Stations I F-l and IF-2were 
downstream in grazed stream sectionsadministered by the 
Idaho Falls District, BLM (Fig. 1). Stations S-l 
(ungrazed) and 1F-1 (grazed) were representative of 
brushy stream sections. Stations S-2 (ungrazed) and 1 F-2 
(grazed) were both in exposed sagebrush-grass stream sec­
tions. Physical parameters of the four electrofishing sta­
tions sampled are listed in Table 1.

RESULTS AND DISCUSSION

Quantified changes observed within the fenced area 
from 1976 to 1978 are shown in Table 2. All features mea­
sured have improved during the 2-year period. Habitat 
conditions outside of the exclosure have remained 
unchanged or have improved slightly (Table 3). Water 
depth at Station 10 (grazed) has shown a slight improve* 
ment since 1976, although the increaseisapparentlydue to 
the accumulation of additional debris onan unmaintained 
trash catcher, which has increased both depth and width 
(Table 3).

Ungulate damage to the streambank has been 
markedly reduced in the fenced portion of Summit Creek 
(Table 2). Due to the decrease in stream area accessible to 
livestock, use of the stream has been increased above the 
fenced area and at the three water gaps. Streambank 
sloughing and trampling of vegetation continues at these 
locations. The BLM is studying the feasibility of removing 
water gaps and installing pipes to convey creek water to 
watering troughs. In the near future, the State of Idaho 
plans to protectively fence the 0.25 miles of Summit Creek 
above the Salmon District BLM study area.

In the fenced area, Summit Creek has narrowed at 
most permanent stations due to encroachment of vegeta­
tion along the banks. Streamflows remained constant 
from year to year, so a narrowing of the stream channel has 
caused the stream to deepen (Table 2). Figures 4 and 5 
show the emergent vegetation encroachment that has 
caused changes in the stream profile.

Similar, but less dramatic, changes have occurred at 
most stations within the fenced portion of Summit Creek. 
Station 4 widened slightly because two separate channels

5 .059
5 .035
5 .050
6 .056
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TABLE 2. Summit Creek habitat conditions within fenced area, as recorded in 1976 and 1978
Average 
of three 
transects at 
each station

Station 1 Station 2 
1976 1978 1976 1978

Station 3 Station 4 
1976 1978 1976 1978

Station 5 Station 6 
1976 1978 1976 1978

Station 7 Station 8 
1976 1978 1976 1978

Average for 
Station 9a fenced area 
1976 1978 1976 1978

Average water 
width (ft.) 13.7 13.7 20.0 15.5 17.0 15.0 12.7 13.0 15.3

Average riffle 
width (ft ) 11.0 9.3 10.0 7.0 11.8 10.0 6.3 5.0 8.7

Average pool 
width (ft.) 2.7 4.3 10.0 8.5 5.2 5.0 6.3 8.0 6.7

Average pool 
class 3.5 3.7 3.5 2.3 3.5 2.5 3.3 3.3 4.0

Average water 
depth (ft.) 0.7 0.7 0.7 1.0 0.7 0.9 0.8 0.9 0.7

Bank cover 2.8 2.8 3.8 3.5 2.5 2 2 2.8 2.7 1.5
Bank stability 3.2 3.3 3.2 3.6 3.2 3.7 3.0 3.8 2.7
Ungulate

damage 2.5 3.2 3.5 3.8 3.8 3.8 3.7 4.0 2.5
Aquatic 

plants (ft.) 1.3 2.3 4.0 2.5 5.3 7.0 2.0 mm 1.3

14.0 12.3 9.7 13.7 12.7 18.0 ^6.7;.-. 22.0 22.5 16.1 14.8

7.7 6.7 4.3 5.7 4.0 18.0 15.0 8.5 12.0 9.6 8.2

6.3 5.6 5.3 8.0 8.7 0 1.7 13.5 10.5 6.4 6.5

4.0 3.7 3.3 3.0 3.3 N/A 4.0 4.0 4.0 3.6 3.4

0.9 0.7 1.1 0.8 0.9 0.5 0.7 0.8 1.0 0.7 0.9
2.0 2.2 2.5 2.0 2.2 1.3 1.8 1.2 2.0 2.2 2.4
3.8 3.0 4.0 2.7 4.0 2.7 3.5 2.2 3.8 2.9 3.7

3.8 3.0 4.0 2.0 4.0 2.7 3.8 2.0 4.0 2.8 3.8

6.3 4.0 4.0 4.3 4.7 4.3 12.3 4.0 4.0 3.4 5.4

aTransects 1 and 2 only.

TABLE 3. Changes in Summit Creek habitat conditions above the fenced area in 1976 and 1978

Stream Station 9a Station 10b Station 11c
Average for 
grazed areacharacteristics 1976 1978 1976 1978 1976 1978 1976 1978

Water width (ft.) 20.0 19.0 24.7 26.0 28.0 28.0 24.4 24.8Riffle width (ft.) 9.0 4.0 11.8 15.7 28.0 28.0 15.2 15.8Pool width (ft.) 11.0 15.0 12.9 10.3 0 0 9.2 8.9Average pool class 4.0 4.0 3.7 3.5 N/A N/A 3.8 3.8Average water
depth (ft.) 0.6 0.9 0.6 0.8 0.5 0.5 0.6 0.8Bank cover 1.0 1.0 1.2 1.2 1.0 1.0 1.1 1.1Bank stability 3.0 3.0 2.3 2.3 2.5 2.5 2.5 2.5Ungulate damage 3.0 2.5 2.3 2.4 2.0 2.0 2.4 2.3Aquatic plants (ft.) 18.0 12.0 10.3 16.3 8.0 2.0 11.6 11.6

aT ran sect 3 only.
bAverage of Transect 1, 2 and 3.
cTransect 1 only.

converged; channel width increased at Station 9 because 
of lateral streambank cutting around an unmaintained 
trash catcher (Table 2).

Numerous islands of vegetation have become estab­
lished on shoals and bars in Summit Creek. Figure 6 shows 
the formation of one of these islands, which created excel­
lent trout cover.

Above the exclosure, the effect of unmaintained trash 
catchers on the stream profile makes analysis of the limited 
data difficult. Accumulation of debris onatrashcatcherat 
Station 10 is responsible for both increased depth and 
increased width at this station (Table 3). An anomalous 
situation exists at Station 9, Transect 3—photographs 
indicate deteriorating stream conditions, but stream 
width has decreased and depth has increased (Table 3).

Recovery of streambank vegetation in thefenced area 
has helped stabilize banks that were eroding; Figure 7 
illustrates this effect. Birch and willow bushes adjacent to 
the stream have also been reinvigorated and now provide 
additional fish cover relative to 1976.

Beneficial changes observed in streambank cover and 
stability within the fenced riparian area are summarized in 
Table 2. In contrast, bank cover and stability have 
remained unchanged in the unfenced stream section 
(Table 3). Since 1976, mats of aquatic vegetation have

increased substantially at some transects within the exclo­
sure (Table 2). This vegetation, mostly algae (Nitella sp.) 
and buttercup (Ranunculus aquatillis), harbored an abun­
dance of mayflies, stoneflies, caddisflies, freshwater 
shrimp, snails, and other important trout food. Instream 
vegetation also provided cover for fish in exposed stream 
sections. Additional productivity attributable to this 
increased vegetation and increases in cover have improved 
trout habitat in Summit Creek.

Unfenced portions of Summit Creek exist below the 
Salmon District’s study area, on public lands adminis­
tered by the Idaho Falls District, BLM. Fish habitat; 
where livestock grazing continued, was not as desirable as 
in upstream sections that had been fenced. A habitat eval­
uation of Stations 1, 2 and 3 in the unfenced-grazed por­
tion of Summit Creek indicated lower pool quality, less 
streambank cover, less streambank stability, more ungu^ 
late damage, and less instream vegetation than in Stations 
1,2 and 3 of the fenced-ungrazed section (Table 4).

Data for trout sampled during the study are listed in 
Table 5. It was recognized after fish sampling occurred 
that additional samples should have been taken to reduce 
statistical variability. Variation precluded statistically 
valid inferences from being made for the data except for 
station S-2 in the sagebrush-grass ungrazed area. At this
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Figure 4. Station 6, Transect 1, showing vegetation encroachment 
responsible for narrowing and deepening Summit Creek in the 
fenced area between July 1976 (upper) and June 1978. Note in the 
lower photo the dense stands of rooted vegetation established in 
the creek.

TABLE 4. Habitat conditions existing in adjacent grazed 
and ungrazed areas of Summit Creek, Summer 1978. 
There were three transects per station.

Average Grazed3 Ungrazed b
Water width (ft.) 13.2 14.6Riffle width (ft.) 8.1 9.0
Pool width (ft.) 5.1 5.6
Pool class 3 5 2.8
Water depth (ft.) 0.7 0.8
Bank cover 2.1 2.8
Bank stability 2.8 3.6
Ungulate damage 2.8 3.6
Aquatic plants (ft.) 2.1 4.1

«»Average of stations 1, 2 and 3, Idaho Falls District (Fig. 1).
Average of Stations 1,2 and 3, between campground and Idaho Falls Dis­
trict (Fig. 1).

station, rainbow trout were more numerous(P«.05). Mean 
lengths of trout were also larger (Rc.001) than at other loca­
tions (Fig. 8).

Brook trout were not collected in the grazed stream 
sections, whereas brook trout were collected in both

Figure 5. Station 6, Transect 3, showing vegetation encroachment 
responsible for narrowing and deepening Summit Creek in the 
fenced area. (Upper, July 1976; lower, July 1978)

TABLE 5. Trout population data for Summit Creek, Sum­
mer 1978

Trout length 
weight,

and abundance

1F-2— 
sagebrush/ 

grass- 
grazed

1F-1 — 
brushy- 
g razed

S-1 — 
brushy- 

un grazed

S-2—
sagebrush/ 

grass- 
ungrazed

Rainbow troutfT3 
average length 
(cm) 26/13.8 89/15.9 144/15.6 313/18.5

Brook trout n/aver- 
age length (cm) 0 0 3/14.3 b 50/17.0

Number of trout/ 
surface acre 743 1,508 2,880 6,482

Weight of trout/per 
surface acre 
(g/lbs) 34,230/ 79,079/ 152,553/ 481,094/

75.5 174.3 336.2 1060.6

an = population estimate (Seber-Lecren method, 1967)
bA total of three brook trout were collected during sampling in S-1

ungrazed stream sections. Hatchery-reared fish from the 
previous year’s stocking were not collected at any electro­
fishing station. Apparently, those hatchery fish notcaught 
by anglers did not remain in the study areas.
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Figure 6. Station 5, Transect 1, showing island formation on a shal­
low bar in Summit Creek. (Upper, June 1976; lower, July 1977)

Terrestrial wildlife habitat has improved as vegeta­
tive cover in the riparian zone has increased within the 
fenced area. Several mink have taken up residency during 
the last 2 years, and a nesting pair of marsh hawks were 
observed for the first time in 1978. The first record of sand­
hill cranes in the study area was made in 1976, l year 
after fencing. American bitterns and great blue herons are 
more common now than before the riparian area was 
fenced.

Another benefit of the fencing project was reduced 
interactions between recreationalists and livestock. A 
primitive BLM campground located on Summit Creek 
was used by both people and livestock prior to the 1975 
fencing project. Livestock-recreationalist encounters that 
may have occurred prior to fencing have been eliminated 
and harassment of livestock by recreationalists has been 
significantly reduced.

CONCLUSIONS
The rapid response of aquatic and riparian habitat to 

fencing continues to surprise those associated with the 
project. The unique environment of Summit Creek has 
contributed to dramatic habitat changes in only two grow­
ing seasons. The high water table, constant streamflow,

Figure 7. Station 9, Transect 1, showing typical bank stabilization 
as streamside vegetation recovers in the fenced portion of Summit 
Creek. (Upper, June 1976; lower, June 1978)

deep soil, low stream gradient and moderate stream 
temperatures enabled the stream/riparian ecosystem to 
respond quickly after fencing. Not all streams on western 
rangelands could be expected to recover from the long­
term affects of grazing as rapidly as Summit Creek.

Because fish populations tended to increaseas thedis- 
tanceto Iron Springs decreased, notall of the observed dif­
ferences in fish populations can be attributed to the 
influences of grazing on Summit Creek. Some of the dis­
parity between populations may be a reflection of the sta­
ble temperature regimes closer to the springs.

Fish habitat protection provided by streambank 
fencing has negated the need for artificial structures 
intended to enhance trout production in this stream. 
Unmaintained trash catchers and digger logs installed in 
the upper reaches of Summit Creek should be removed. 
Several of these structures are causing silt accumulation 
(eliminating spawning sites), lateral bank scouring, and 
widening of the channel. Removal or alteration of these in- 
stream structures will allow the affected portions of Sum­
mit Creek to re-establish a stable, more productive stream 
environment. In addition, with the abundance of wild 
trout observed, it appears that yearly supplemental stock­
ing of Summit Creek is unnecessary.
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Figure 8. Length-frequency distribution of trout in grazed and ungrazed sagebrush/grass and brushy habitat of Summit Creek 1978 
incfude rafnbow trout oniy* 009 ^  a"d br° ° k trout’ combined’ ,or Stations S-1 and S-2. Data for Stations 1F-1 and 1F-2

Continued study inclusive of improved experimental 
design methodologies of Summit Creek will provide better 
indications of the long-term response of the stream to 
exclusion of livestock grazing in the riparian area.
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Species-specific factors affecting predator-prey interactions 
of the copepod Acanthocyclops vernalis with its natural prey

Judith L. Li1 and Hiram W. Li1
Wildlife and Fisheries Biology, University of California, Davis 95616 

Abstract
Experiments of prey selection by Acanthocyclops vernalis demonstrate that many factors 

govern this process. Evidence from search and handling times required for complete con­
sumption, behavioral observations, and carapace wound examinations indicated that body 
shape, carapace integrity, and mode of swimming were major influences on the selective 
process. Soft-bodied species were quickly and completely consumed; others were more dif­
ficult to handle and some of these were rejected. Escape strategies were different for each 
prey species, and the success of escape depended in part upon swimming direction relative 
to the mode of horizontal attack by Acanthocyclops. Size affects all of these characteristics 
because of correlative relationships to body allometry, carapace integrity, and swimming
speed.

An understanding of invertebrate pred­
ator-prey relationships is important to un­
derstanding community dynamics of zoo­
plankton communities in lakes (Allan 
1976; Hall et al. 1976). Brooks and Dod­
son (1965) thought that competition 
would determine the size structure of 
zooplankton communities in the absence 
of vertebrate predation. However Dod­
son (1974B; Dodson et al. 1976) has 
shown that competition between large 
and small herbivores may not be as im­
portant as once suspected and suggests 
that invertebrate predators may be pri­
marily responsible for shifts in commu­
nity structure toward larger herbivorous 
zooplankters. Kerfoot (1977B) found that 
the major predators of Bosmina in Lake 
Washington are copepods, and that fish 
influence the copepod-Bosmtna interac­
tion by preying upon the copepods, not 
upon Bosmina.

The impact of invertebrate predators 
has often been examined by depletion 
studies wherein grazing rates are esti­
mated through changes in prey density 
during the experiment (Hall 1964; 
McQueen 1969; Anderson 1970; Confer 
1971). Gut dissection was used by Fryer 
(1957) as a more direct approach to feed­
ing selectivity. In combination with data

1 Current address: Oregon Cooperative Fishery 
Research Unit, Department of Fisheries and Wild­
life, Oregon State University, Corvallis 97331.

on zooplankton availability, this tech­
nique has become even more useful 
(Lewis 1977; Gophen 1977). However, a 
tendency for copepods to regurgitate and 
defecate may result in a large proportion 
of empty stomachs and in lost informa­
tion (Clarke 1978; Li et al. in prep.). A 
third approach has been to observe be­
havioral patterns of a predator with a sin­
gle prey species (Brandi and Fernando 
1974; Kerfoot 1977a, 1978). Swift and 
Fedorenko (1975) widened the scope by 
studying two ambush predators, Chao- 
bonis americanus and Chaoborus trivit- 
tutus, as they interact with naturally oc­
curring prey. By incorporating an array of 
potential prey, we have examined prey 
selectivity by Acanthocyclops vernalis— 
a cruising search and attack predator—as 
described by Kerfoot (1978).

Our design incorporated single- and 
multiple-species prey experiments and 
emphasized the behavioral aspects of the 
predator-prey interaction. We compared 
capturing and handling techniques with 
different species of prey, the differential 
swimming behavior of prey species with 
and without the predator, and escape re­
sponses of the prey after initial contact 
with the predator. Previous work has sug­
gested the importance of size (Anderson 
1970; Zaret 1972; Kerfoot 1974) and 
shape (Kerfoot 1977a; Swift and Fedo­
renko 1975). Our observations allow us to 
relate the importance of these and other

613



614 Li and Li

Table 1. Comparisons of zooplankton sizes in Clear Lake vs. size used in experiments (mm).

Zooplankton
Species
range

Experimental
sixes

Rotifera
Asplanchna girodi 0.4-0.7 0.4-0.95*
Keratella cochlearis 0.1-0.15 0.1-0.15
Sijnchaeta sp. 0.25-0.35 0.25-0.35

Cladocera
Bosmina longirostris 0.2-0.45 0.2-0.45
Ceriodaphnia reticulata 0.2-0.8 0.2-0.8
Chydorus sp. 0.2-0.45 0.2-0.45
Daphnia pulex Ö.4-2.0 0.4-1.0
Diaphanosoma leuchtenbergianum 0.5-1.1 0.5-1.1

Copepoda
Acanthocyclops vernalis 0.6-1.0 0.6-1.0
Diaptomus franciscanus 0.4-1.6 0.4-1.0
Nauplii of:

Acanthocyclops vernalis
Mesocyclops leuckarti 0.1-0.3 0.1-0.3
Diaptomus franciscanus

* Larger individuals grown in cultures.

morphological characteristics to prey vul­
nerability.

We thank G. W. Salt, P. R. Richerson, 
P. B. Moyle, and G. Redfield for advice 
and encouragement concerning research 
and the manuscript. We also thank W. 
Wurtsbaugh and R. Robertson for aid in 
the field and laboratory, as well as S. Coo­
per and S. I. Dodson for their helpful sug­
gestions.

Methods and materials
Zooplankton came from Clear Lake, a 

shallow, eutrophic lake in the Coastal 
Range of California. Species used are list­
ed in Table 1 and illustrated in Fig. 1. 
They were collected with a 3-liter self- 
activating trap, modified from a design by 
Schindler (1969). Water filtered from 
Clear Lake was used for all separation 
and experimental procedures. Zooplank­
ton were taken from the lake and imme­
diately concentrated in a separatory fun­
nel where algae floated to the top and 
animals tended to swim toward the bot­
tom opening. Before they were individ­
ually separated, zooplankton were trans­
ferred from the funnel to 60 x 15-mm 
petri dishes.

A dissecting microscope (10 to 30 pow­
er), equipped with an ocular micrometer,

was used for separation procedures. An­
imals chosen as randomly as possible 
were separated with a micropipette con­
nected by rubber tubing to a mouthpiece. 
Each animal was measured (to the closest
0.05 mm) and placed into an experimen­
tal dish. The predator had not been fed 
for about 24 h. After the addition of prey, 
the predator was added, and the expert 
ment began. All experiments were con­
ducted under constant light from a flu­
orescent lamp and at ambient room 
temperatures (about 20°-25°C).

Selection experiments—Selection ex­
periments were conducted in petri dish­
es. We recorded species and sizes of prey 
selected or rejected, time required to kill 
and consume prey, and prey remains. Be­
havioral interactions were also docu-J 
mented. When the cause of death for a 
prey animal was uncertain, the experi­
ment was not included in the analysis; 
only those prey which had been in­
gested, bitten, or injured were consid­
ered.

From October 1975 through Septem­
ber 1976, there were two sets of selection 
experiments: 108 experiments with two 
prey animals and 32 with five. The prey 
were no larger than the predator and 
were common zooplankters in the lake.
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LIVESTOCK GRAZING AND RIPARIAN/STREAM ECOSYSTEMS-
AN OVERVIEW
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Streams have been subjected to damaging events 
since the day they were formed, initially by such natural 
events as glaciation, floods, climatic temperature changes, 
and droughts, and, more recently, by man colonizing 
along the stream banks and using the stream and its sur­
roundings for mining, lumbering, livestock grazing, road 
construction, and sewage and waste disposal. These land

uses, including livestock grazing, are of widespread con­
cern to the public and land-management agencies. This 
forum and other seminars, symposiums, and workshops 
have been called to place grazing problems in perspective 
and to find solutions for the land manager.

The meetings held to date have determined (1) solu­
tions to grazing problems are not easily found; (2) no single

39



discipline possesses the skills and knowledge for all 
problem-solving; (3) past studies have identified many 
problems and offer some guidance; (4) more studies are 
needed to develop better understanding; (5) agencies 
responsible for the management of the streamside envir­
onment have not adequately considered the influence of 
livestock grazing; and (6) not all answers will be found in 
the near future.

It will take many small steps in the advancement of 
awareness and knowledge to get land managers to recog­
nize and implement management practices that protect 
streams and their riparian environments.

Land managers have often failed to recognize that 
streamside environments are different from other terres­
trial systems, and so need specialized management. The 
stream, the riparianenvironment,and the adjacent upland 
environments require different land-management strate­
gies. For example, even among riparian systems a broad 
riparian zone in a wet meadow has a different influence on 
a stream than a narrow riparian zone in a sagebrush 
ecosystem.

Today’s range-management guidelines do not call for 
different management strategies for the different habitat 
types; these guidelines cover only broad combinations of 
lands that mix riparian zones with the upland zones^A 
complication to the better balance of resource manage­
ment is that scientists still differ on their interpretations of 
the effects of grazing strategies on stream and riparian 
habitats.

Authors express both sides of the livestock-fishery 
interaction subject. Behnke (1977) feels the best opportu­
nity for increasing fish populations in the West is to 
improve fish habitats degraded by improper livestock 
grazing. This thinking may have merit, for 83 percent of 
the area of the 11 western states is in forestand range, and 
70 percent of the 1.2 billion acres of forestand range in the 
United States is being grazed by livestock.

Heady et al. (1974), however, state that livestock 
grazing is being managed and integrated with other uses of 
federal lands and that there is no evidence that well- 
managed grazing of domestic livestock is incompatible 
with a high-quality environment. Leopold (1974) felt the 
opposite. He said that fish and wildlife habitat in western 
rangeland has experienced and is experiencing steady 
deterioration under existing multiple-use patterns. Fur­
thermore, he said that livestock grazing may be having 
cumulative and unfortunate effects on land and water 
productivity.

These disagreements must be resolved because more 
and more pressure is being brought on land managers to 
increase the output of all resources. Grazing land is contin­
ually being reduced, which conflicts with the projected 
needs for an additional 70 million acres of range within the 
next 25 years to meet the demand for red meat (Heady et al. 
1974). The increasing demand for energy development, 
recreation, and high-quality water will conflict with the 
demand for more red meat unless better management can 
be obtained.

The purpose of this forum is to allow cattlemen and 
fisheries biologists to exchange inf ormation and to reach a 
certain accord in regard to grazing practices beneficial to 
both. My charge is to present an overview of livestock-

fishery interactions, setting the stage for papers identify­
ing specific problems a n d ||r  presenting solutions.

HISTORY

Before the influx of European man into the western 
United States, natural ecosystems existed in which wild 
ungulates usually grazed compatibly with the range’s car­
rying capacity. If for some reason the forage produced bya 
given range suddenly became scarce or non-existent, wild 
grazing animals either migrated to more favorable ranges 
or sustained a mortality, which brought the herds into bal­
ance with the range capacity.

Upon settling this country, European man soon rec­
ognized the possibility of using the vast rangelands for 
livestock production. As a result, the number of cattle on 
the western ranges and pastures has increased continually 
since 1875 (Wagner, in press). Asa result of increased for­
age use and changes in or eradication of natural vegeta­
tion, much rangeland has been altered (Alderfer and 
Robinson 1974; Lusby et al. 1971; Sartz and Tolstead 
1974). Since livestock are attracted to streamsides, over­
use of the riparian zone has often resulted in widespread 
stream degradation.

Where the ranges were heavily stocked with livestock 
and confined within man-made barriers, changes in vege­
tation took place. Livestock trampled and compacted the 
soil, and the high-quality, fibrilar-rooted plants gradually 
gave way to shallow-rooted annual species or taprooted 
forbs or shrubs that could exist on areas with lowered 
water tables. Generally, these invader species are less pal­
atable than plants with fibrilar roots and provide less 
nutrition and, often, only seasonal benefits for livestock. 
As soil compacted, infiltration of water into deep soils les­
sened and surface runoff increased. The accelerated rate of 
erosion had major effects on terrestrial and aquatic pro­
ductivity. Rich topsoil was lost by the erosive action of 
wind and water, and the quality of streams receiving the 
eroded material was reduced. In addition, fine sediment 
smothered spawning and rearing areas, altering the habi­
tat of fish.

As the livestock industry grew during the 19th Cen­
tury and into the mid-1930’s, the number of animals 
occupying the available range increased far beyond its car­
rying capacity. Overuse resulted in deteriorating ranges. 
The situation became so critical by the mid- 1930’s that the 
Taylor Grazing Act was enacted by Congress in 1934 to 
reverse the trend on the remaining rangeland in the public 
domain and to stabilize the livestock industry using these 
lands. Little attempt was made, however, to regulate graz­
ing to conform to the ability of rangelands to sustain it, 
since there was little public interest in rangeland condi­
tions at that time.

By the mid-1960’s, management by allotment had 
become an accepted practice, and this is essentially the 
present situation. Public awareness of environmental 
quality, including rangelands, brought into clearer focus 
the original goals of the Taylor Act. The Resources Plan­
ning Act Assessment of 1975 projects increased demands 
on rangeland for the production of domestic livestock 
through the year 2020. With an expanding human popula-
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tion, it is inevitable that red meat production will have to 
be increased and more pressure will be placed on public 
ranges. Similar demands will be placed ott production of 
white meat (fish).

In evaluating, through time, the effects of livestock 
grazing on the aquatic environment it must be recognized 
that different classes of livestock have different prefer­
ences of use in regard to streamside environments. Sheep 
prefer slopes and upland areas, but cattle prefer riparian 
habitats. Much former sheep range has been converted to 
what is primarily cattle range. Because cattle prefer 
streamside environments, deterioration of riparian habi­
tat has been significant and much of the deterioration 
continues.

Because riparian environments are lumped into 
broad terrestrial environmental classifications, they 
become unidentifiable for land-management purposes. 
Often what is good for timber or range management is not 
good for riparian or stream managment.

The importance of riparian vegetation to wildlife has 
become apparent for the first time in this decade (Patton 
1977). The importance of riparian vegetation to fish has 
been apparent for much longer. Fishery biologists were 
informed of problems and their input to land managers 
over the past two decades was inconsequential. Also, the 
leadership of the land-management agencies was paying 
little heed to those few scientists who had the foresight to 
alert them to ongoing habitat destruction. Land managers 
were devoting their attention to species management and 
to hatcheries rather than to habitat requirements.

Today, decisionmakers see the need for better man­
agement of streamside zones. Scientists who a few years 
ago would not undertake livestock-fishery interaction 
studies are now developing good data banks. These trends 
are encouraging and will lead to better livestock 
management.

FISHERY NEEDS

The habitat requirements of fish are a complex mix­
ture that fishery biologists don’t fully understand. How­
ever, biologists have completed some excellent biological 
work that makes possible a description of this habitat. 
Armour (1977) presents an excellent discussion of habitat 
needs of fish; this is reflected here.

Riparian Vegetation. Riparian zones are identified as 
those areas associated with surface water that reveal, 
through the vegetative complex, the influence of that 
water (Franklin and Dyrness 1973; Minore and Smith 
1971). Riparian zones are the interface between terrestrial 
and aquatic environments. Riparian zones serve as a filter 
or a trap to stop pollutants moving from the terrestrial to 
the aquatic environment.

Riparian areas are the productive part of western 
grazing lands, usually containing the most productive 
timber and forage sites. Cattle forage on such areas more 
frequently than in adjacent, drier areas. Road builders 
often use riparian areas because of the gentle topography, 
and recreationists flock to such places for the scenic values 
associated with water.

Although most streamside zones are riparian, some 
are not. Examples of non-riparian sites are those areas

where the sagebrush ecosystem reaches the water’s edge, 
where the streamside zone is composed of bedrock, where 
streams are bordered by steep-sided canyon lands, or 
where streamside environments are composed of boulders 
or rubble. Non-riparian streamside zones can also be 
affected by livestock grazing, but usually toa lesser degree.

The streamside vegetation; in combination with 
undercut banks and streamside debris, provides fish 
cover. Binns (1976)1 found cover highly significant in 
determining fish biomass in Wyoming streams. Boussu 
(1954) increased trout biomass over 200 percent by simu­
lating cover in a South Dakota stream. Upon eliminating 
cover, trout biomass decreased. Streamside vegetation 
also provides a habitat for terrestrial insects that are in the 
fishes’ diet, providing the organic material for about 50 
percent of the stream’s food energy (Cummins 1974).

Streamside vegetation shades the stream and 
decreases water temperature. Stream temperature for 
trout should not exceed 65° Fand should be even lower for 
the critical spawning and incubation periods. Streams in 
the West, where riparian vegetation has been removed,are 
often too warm in the summer and too low in the winter. 
Streamside vegetation protects streambanks by reducing 
erosive energy, by helping deposits build the streambank, 
and by keeping the streambank from being damaged by 
ice, log debris, or animal trampling. Lack of vegetation 
exposes soils to erosion from rain or running surface 
water.

Stream Channels. Sedimentation in stream channels 
reduces instream cover for fish and depresses their food 
supply by filling channel interstices and reducing the sub-¡ 
strate’s potential to produce food. Large amounts of fine 
sediment kill fish embryos incubating in the stream- 
channel materials (Phillips er ¿ar/. 1975). Large concentra­
tions of fine sediment in spawning areas impede the 
intragravel subsurface waterflow, causing embryos to 
receive less oxygen and allowing toxic metabolic wastes to 
accumulate. Also, fish need instream cover, especially 
during their early years of development and during winter. 
Fine sediments filling the interstices reduce the amount of 
protective cover and force young salmonids to live in sur­
face waters where they are more exposed to severe winter 
conditions.

Salmonids are dependent on aquatic and terrestrial 
invertebrates for their food. Fine sediments can cover the 
food-producing rubble and gravel channel areas, reducing 
the quality of the aquatic insect’s habitat; this, in turnj 
impairs the quantity of food available for salmonids.

Streambanks. Streambanks bordering smaller streams (of 
stream order less than 6) provide the habitat edge needed 
to maintain high fish population densities. Fish often 
adapt their survival to this habitat edge because stream- 
banks provide cover, control water velocities, and supply 
incoming terrestrial foods. The condition of the stream- 
bank often governs the water depths and velocities the fish 
must live in. Stable streambanks are an important part of 
the environmental quality needed by fish in small streams.

1Binns, N. Allen. 1976. Evaluation of habitat quality in Wyoming 
trout streams. Unpublished, on file at Wyoming Game and Fish 
Department, 260 Buena Vista, Lander, Wyoming.
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Water Quality. Fish need high-quality water because this 
is their living medium. Water; cannot be too warm or too 
cold, too fertile or too infertile, too fast or too slow, or too 
high or too low in dissolved gasses. Water of acceptable 
quality must first be present before the stream channel and 
streambank can form and contain it in a manner that fits 
the fish’s habitat needs. Water that enters streams from the 
earth usually is of excellent quality to sustain fish. This 
new water needs only to be charged with certain gasses and 
nutrients to sustain fish. Most streams begin with high- 
quality water that deteriorates in the downstream areas 
because of land uses.

As water quality decreases and the water becomes 
more turbid, fish must survive in a medium in which they 
have difficulty seeing or moving. Often a less turbid area is 
not available to them. Migrating fish may avoid turbid 
streams, but fish forced to remain in turbid waters may 
have trouble feeding, using oxygen, and reproducing.

LIVESTOCK EFFECTS

Authors have already listed the effects of livestock 
grazing on fish and the aquatic environment (Platts, in 
press; Menke, in press; Armour 1977). This section sum­
marizes these papers and discusses additional grazing 
effects.

Riparian Vegetation. Streamside vegetation is directly 
affected by grazing because riparian zones are usually 
grazed more heavily than are upland zones (Hölscher and 
Woolfold 1953; Armour 1977). Duff (in press) found that 
when cattle were introduced into an area that had not been 
grazed for 4 years, the riparian vegetation declined 35 per­
cent to prerest conditions in 6 weeks. Lorz (1974)found no 
difference in fish populations in ungrazed vs. grazed sec­
tions of the Deschutes River, Oregon when dense willow 
cover was on one or both banks.

Claire and Storch (in press) found the willow canopy 
in an exclosed area provided 75 percent more shade on the 
stream than areas outside the exclosure receiving year- 
round grazing. Gunderson (1968) found streamside cover 
was 77 percent more abundant in an ungrazed section of 
Rock Creek, Montana than in a grazed section.

Livestock grazing can affect the riparian environ­
ment by changing, reducing, or eliminating vegetation and 
by the actual elimination of riparian areas by channel wid­
ening, channel aggradation, or lowering of the water table. 
The most apparent effects on fish habitat are the reduction 
of shade and cover and resultant increases in stream 
temperature, changes in stream morphology, and the 
addition of sediment through bank degradation and off­
site soil erosion. Stream temperatures increase in small 
headwater streams when riparian vegetation is removed 
and changes occur in the composition of fish communities 
in receiving streams downstream (Vannote, in press).

Detritus formed from terrestrial plants is a principal 
source of food for aquatic invertebrates and eventually for 
fish (Minshall 1976). A change in the quantity and quality 
of the detritus reaching the stream can severely interfere

with natural conditions, This may result in a decline in the 
organisms fish eat and in a disruption of the stream’s abil-| 
ity to process organic matter (Cummins 1974; Vannote, in 
press). Riparian vegetation is needed for the cycling of 
organic energy and for control of water temperatures.

Stream Channels. Stream-channel sedimentation caused 
by soil erosion on millions of acres of rangeland has long 
been recognized as a major problemjttusby (1970), study! 
ing the effects of grazing on watershed hydrology in Colof 
rado, found that ungrazed watersheds produced only 71 - 
76 percent as much sediment as did grazed watersheds. 
Moore (1976)2 estimated that rangelands in Environmen­
tal Protection Agency Region X (excluding Alaska) were 
second only to cropland in total sediment production. 
Duff (in press) found stream-channel widths were 173 per­
cent greater in grazed stream reaches of Big Creek, Utah 
than in ungrazed stream reaches.

Streambanks. The sloughing-off and collapse of stream- 
banks caused by improper livestock grazing probably 
affects fish populations most importantly. Streambanks 
erode because livestock congregate along streams for 
shade, more succulent vegetation, and drinking water. 
Livestock grazing off the vegetative cover and caving in 
over-hanging streambanks is one of the principal factors 
contributing to the decline of native trout in the West 
(Behnke and Zarn 1976). Winget and Reichert (1976) 
found that livestock grazing on selected Utah streams 
reduced bank stability 59 percent. In other Utah studies 
where livestock exclosures were used, streambank stabil­
ity increased 100-740 percent (Berry and Goebel, in press,| 
Duff, in press).

Marcuson (1977) found an ungrazed portion of Rock 
Creek, Montana had 2.5 times less channel erosion than an 
adjacent stream section that was grazed. Duff (in press) 
states that introduction of livestock into an ungrazed area 
for 4 years resulted in a 14-percent decline in streambank 
stability within 6 weeks. Hayes (1978)  ̂ however, con­
cluded that during spring runoff streambank degradation 
occurs more often and to a greater extent along an 
ungrazed streambank than along a grazed streambank. 
Seminar proceedings (Townsend and Smith, eds. 1977) 
and a symposium (Menke, in press)addressed interactions 
with wildlife and fish and their environments. Both publi­
cations concluded that livestock grazing degrades aquatic 
and riparian communities. Seminar members concluded 
that livestock grazing is the single most important factor 
limiting wildlife (including fisheries) production in the 
West. The symposium participants concluded that live­
stock grazing has severely reduced riparian vegetation and 
altered stream geomorphology, changes that adversely 
affect fish.

Water Quality. Claire and Storch (in press), studying the 
Deschutes River, Oregon alongside an exclosure that was 
ungrazed for 10 years, noted that the average stream 
temperature had dropped 12°. Busby and Gifford (in

2Moore, Elbert. 1976. Livestock grazing and protection of water 
quality. Environ. Prot. Agency, draft working paper. 123 p.
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press) also found that grazing may be damaging water 
quality by affecting the hydrologic conditions within a 
given watershed. Skinner et al. (1974), Darling and Col- 
tharp (1973), and Kunkle (1970) attribute the high coli 
count in streams to livestock grazing. Bacteria, alongwith 
sediment or chemicals, will degrade water quality.

Range practices can affect the condition of water in 
the runoff from a watershed, especially by increasing sedi­
ment. Photosynthesis is decreased by stream turbidity, 
and primary productivity is reduced. With primary pro­
ductivity reduced, productivity of the entire ecosystem is 
decreased.

Fish Populations. The literature shows that streams modi­
fied |>y livestock grazing are wider and shallower. Gener­
ally, they have channels that contain more fine sediment, 
streambanks that are more unstable, banks that are less 
undercut, and higher summer water temperatures than 
natural streams. Behnke and Zarn (1976) identify live­
stock grazing as the greatest threat to the integrity of trout- 
stream habitat in the western United States. Behnke (in 
press) believes that rehabilitation of streams damaged by 
livestock grazing offers the best possibility of increasing 
wild, self-sustaining trout populations in the western Uni­
ted States.

Van Velson (Armour 1977) found, in Otter Creek, 
Nebraska^ in an area fenced to exclude livestock^that 
within 3 years after fencing the stream improved from a 
non-producer to a major producer of trout. The stream 
width decreased, streambanks quickly stabilized, and 
summer water temperatures were reduced 2-4 ijC lair and 
Storch (in press) found within an exclosure on the 
Deschutes River, Oregon that over a 10-year period of 
non-grazing the fish population shifted from predomi­
nantly dace (Rhinichthys sp.) to rainbow trout (Salmo 
gairdneri Richardson).

Marcuson (1977) found in Rock Creek, Montana 
that brown trout (Salmo trutta Linn.) biomass per unit 
area in a stream within a nongrazed section was 340 per­
cent higher than in an adjacent stream section that was 
heavily grazed. In the same stream, Gunderson (1968) 
found trout were 27-400 percent more abundant in 
ungrazed sections than in grazed. Kennedy (1977) 
reported that trout were 240 percent higher in ungrazed 
sections of an Oregon stream than in grazed sections. Duff 
(in press) found trout populations 360 percent higher in 
ungrazed stream reaches of Big Creek, Utah than in grazed 
stream reaches. These studies strongly suggest that 
improper livestock grazing decreases both the quality and 
quantity offish populations.

WHERE SHOULD THIS SYMPOSIUM TAKE US?

Hormay (1970) studied the effects of livestock graz­
ing for many years and created some of the most widely 
used grazing strategies. Armour (1977) quotes Hormay as 
stating in personal communication that:

Vegetation in meadows and drainageways is closely 
utilized under any stocking rate or system of grazing. 
Where this is the case, about the only way to preserve 
recreational values is to fence the area off from grazing. 
Reducing the livestock or adjusting grazing seasons 
usually will not solve the problem.

Under present financial limitations, it is impossible to 
fence all the streams in livestock grazing allotments. Cur­
rently, there is not enough money to maintain existing fen­
ces or to fence the most critical areas, let alone fence all 
streams. So, the problem is much larger than Hormay 
indicates; however, fencing should not be counted out as a 
management tool, for in many areas it maybe the only way 
to protect streambanks and their vegetation.

The challenge is to use forums such as this to stride 
ahead by tackling problems and judging their solutions. 
Some of the situations this symposium should addressare:

1. Which of the existing grazing systems are most com­
patible with the fishery resource?

2. What new innovations áre needed to make livestock 
grazing more compatible with fishery needs?

3. Is there an ideal livestock grazing strategy for ripar­
ian areas7

4. What is required and how long does it take a stream 
altered by livestock grazing to return to near-natural 
condition?

5. What techniques are available or should be devel­
oped to reduceMhe recovery time for degraded 
streams?'*"

6. How much, if any* of the fish population is lost 
because of livestock grazing streamside areas?

7. If streams need to be protected by fences, how much 
of each stream and what type of stream should be 
fenced?

8. How much vegetative canopy is needed on stream- 
banks to prevent unacceptable stream temperatures?

9. How do different classes of livestock affect the ripar­
ian environment?

10. What are the first indicators that a stream is begin­
ning to disintegrate or to improve from management 
of livestock?

11. How much forage use can the different vegetative 
types and streambanks support without unaccepta­
ble changes?

12. Are there times of the year when livestock grazing is 
less damaging than others?

These are avenues that some scientists have begun to 
explore. Claire and Storch (in press) rested a streamside 
area for 4 years and then grazed it annually each year after 
August 1, with no apparent damage to the fish population. 
Lorz (1974) concluded that dense willow stands would 
protect streambanks from being overgrazed.

This symposium will give us better insight into the 
effects of livestock grazing on riparian vegetation, water 
quality, stream-channel morphology, streambed condi­
tion, and streambank stability. In turn, better guidelines 
will be available to the resource manager for predicting the 
effects of the different grazing strategies on the condition 
and the productivity of stream and riparian systems. We 
must remember, however, that such meetings alone will 
not solve our problems. More facts will lead to greater 
understanding and to implementation of corrective 
actions for better land management. Corrective action has 
not been the case for stream and streamside management 
over the past 50 years. And, as a result, it is my belief that 
most stream environments are worse now than they were 
10, 20, 40, or 80 years ago.
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DISCUSSION

Livestock grazing can affect all four components of 
the aquatic systemB-streamside vegetation, stream- 
channel morphology, shape and quality of the water 
column, and the structure of the soil portion of the stream- 
bank. Livestock grazing can affect the streamside environ­
ment by changing, reducing, or eliminating vegetation 
bordering the stream. Channel morphology can be 
changed by sediment accrual, altered channel substrate 
composition, disrupted pool-riffle relationships, and 
channel widening. The water column can be altered by 
increasing water temperature, nutrients, suspended sedi­
ment, and bacterial counts, and by altering the timing and 
volume of water flow. Livestock can trample stream- 
banks, causing banks to slough off, creating false setback 
banks, and exposing banks to accelerated soil erosion.

Documenting and evaluating effects of these altera­
tions are difficult because nature causes similar alterations 
and effects. Fishery biologists are confronted with the 
problem of determining how different types of grazing sys­
tems affect the various aquatic components and how 
changes in these components affect fish health and 
survival.

Livestock grazing can cause annual microchanges in 
the environment that accumulate over many decades. 
These subtle changes are difficult to detect, whereas envir­
onmental changes from such sudden catastrophies as 
flood damage are usually readily observed and measured. 
Whether a stream has suffered a catastrophic degrading 
event or a long period of annual small events, the end point 
for fish can be the same. In either case, the stream and its 
fisheries have been damaged and, once stress is relieved, 
recovery may take years. ^

Streams and streamside zones are the most critical 
zones for multiple-use planning and offer the most chal­
lenge for proper management; therefore, stream habitats 
should be identified as separate management units to 
receive concentrated effort. Land-management agencies 
responsible for managing livestock grazing have not ade­
quately considered the influence of grazing on streams and 
on their banks. Land managers often fail to recognize 
stream ecosystems and their importance as separate sys­
tems in their management programs. This oversight 
occurs even though studies have demonstrated that practi­
ces which protect streambanks from damage also enhance 
the potential of riparian vegetation to support other 
resources (Gunderson 1968; Marcuson 1977; Duff, in 
press).

The problem is that past management, or lack of it, 
has allowed streamside environments to deteriorate, and 
land managers do not have the information needed to cor­
rect the problems. Fishery biologists and range managers 
must concentrate on finding solutions to problems and on 
providing these solutions to the land managers, so that 
each riparian resource can be managed without infringing 
on other uses.

We must not continue to argue about whether live­
stock grazing degrades streams and their fisheries, but to 
use forums such as this to determine how to best manage 
streamsides so forage can be utilized and the fishery pro­
tected. The process will work only when forum partici­
pants take new knowledge back with them and apply it

toward better range management. Better fisheries will be 
the result.
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SEASONALITY OF FISHES OCCUPYING A SURF ZONE HABITAT IN  
THE NORTHERN GULF OF MEXICO

T im o t h y , M o de® 1 a n d  S t e p h e n  T. R o s s 2

ABSTRACT

The ichthyofauna occupying the surf zone habitat of Horn Island, Mississippi, between 1975 and 1977 
was dominated by immature clupeiform fishes. The dusky anchovy, Anchoa lyolepis, and the scaled 
sardine, Harengula jaguana,  together constituted 80.2% of the 154,469 fishes collected. The greatest 
number of fishes were collected in the late spring and summer, followed by a secondary peak in late 
winter. Occurrence of the fishes within the surf zone is divided into three categories according to 
seasonal utilization: spring and summer, summer only, and winter. Factors affecting numerical abun­
dance within the surf zone differed among the most frequently appearing species. Differences in the 
numbers of clupeiform fishes— A. lyolepis’, A . hepsetus, striped anchovy; and H. jaguana  — were more 
closely associated with diel changes including tidal stage and time of day. The abundance of the Florida 
pompano, Trachinotus carolinus, and the gulf kingfish, Menticirrhus littoralis, were more dependent 
upon seasonal effects such as temperature.

Relatively few studies have investigated the role of 
exposed surf zone habitats in the early life history 
of fishes. While Springer and Woodburn (1960) de­
scribed the surf zone region as an "'extreme habitat 
offering little environmental diversity,” this 
habitat does provide several benefits to fishes. Ad­
vantages suggested by Warfel and Merriman 
(1944) included the abundance of food (concen­
trated by incoming tides), increased metabolic 
efficiency via heat acquisition, and protection 
from predation.

Surf zone ichthyofaunas are numerically domi­
nated by relatively few species. For instance, 
McFarland (1963) stated that 60-80% of the ich­
thyofauna occupying the surf regions along the 
south Atlantic and Texas coasts was comprised of 
only a few species. Gunter (1958) found high simi­
larity in species composition between Mustang Is­
land, Texas, and Atlantic coast surf zones and 
suggested that the surf zone region was dominated 
by a small group of species which remained rela­
tively constant over wide geographical areas.

Much of the literature regarding shore zone 
fishes is restricted to either descriptions of species 
occurrence or seasonal characterizations, seldom 
exceeding one annual cycle. Reid (1955a, b), 
Schaefer (1967), and Hillman et al. (1977) have

1 Department of Biology, University of Southern Mississippi, 
SS Box 5018, Hattiesburg, Miss.; present address; Department of 
Wildlife and Fisheries Sciences, South Dakota State University, 
Brookings, SD 57007.

2Department of Biology, University of Southern Mississippi, 
SS Box 5018, Hattiesburg, MS 39401.

sampled the same habitats in successive seasons 
and have observed annual changes in species com­
position. Fewer studies have attempted to relate 
physical or biological parameters to the abun­
dance of fishes within the shallow beach habitat. 
Gunter (1945) and Warfel and Merriman (1944) 
attributed the distinct seasonal fluctuations in 
fish abundance to temperature. Both Anderson et 
al. (1977) and de Sylva,3 using multiple regression 
analyses and crosstabulation, respectively, also 
indicated that temperature was a significant fac­
tor in determining seasonal abundance of the most 
numerous fish species.

The present study describes seasonal and an­
nual variations in fish species composition and the 
factors affecting fish occurrences within the surf 
zone of Horn Island, Miss., a barrier island in the 
northern Gulf of Mexico.

METHODS

The study area was located along the southern 
shore of Horn Island, Jackson County, Miss. Horn 
Island is in a chain of barrier islands lying parallel 
to the Mississippi-Alabama Gulf coast (Figure 1). 
The island lies approximately 14 km off the main­
land and has a length of 19 km with a maximum 
width of 1.2 km. The beach is partially protected 
from oceanic wind-driven waves by a series of sand

3de Sylva, D. P. 1962. Fishes and ecological conditions in 
the surf zone of the Delaware River estuary, with notes on other 
species collected in deeper water. Univ. Del. Mar. Lab Irif. 
Serv. 5,164 p.
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FIGURE 1.-—Map of Horn Island, Jackson County, Miss., show­
ing the four sampling areas. The southern side of the island 
represented the windward shore,

bars which extend the length of the island. The 
surf zone habitat is characterized by a sand sub­
strate, the absence of any rooted vegetation, and 
sufficient wave activity to be categorized as a high 
energy beach (Odum and Copeland 1974).

We began sampling in April 1975 along the 
southwestern edge of the island (Station 1), and 
collections were made at about 7-wk intervals 
until November 1975. From May 1976 to November 
1977 we sampled four stations along the windward 
shore of Horn Island (Figure 1) at about 5-wk 
intervals (Table 1). We also sampled sheltered

TABLE Sampling dates for fish taken from the surf zone 
habitat on the southern shore of Horn Island, Miss., between 
April 1975 and November 1977. Each collection represents a set 
of seine hauls at a specific location.

S eason

1975 1 9 7 6 197 7

D ate

No. of 
collec­
tions D ate

No. of 
collec­
tions D ate

N o. of 
collec­
tions

W inter 13 Mar. 6 2 2  Jan. 4
1 7  Mar. 5

Spring 12 Apr. 3 2 3  Apr. 4 2 8  Apr. 5
21 June 2 2 8  M ay 7  ' 2 7  M ay 8

S um m er 12 Aug. 3 2 5  June 11 2 7  June 5
23  July 8 2 3  July 5
2 4  A ug. 5 17  Sept. 4

2  Sept. 8
Fall 18  O ct. 4 1 O ct. 6 2 3  Nov. 4

4  D e c . 5

beach areas adjacent to Stations 3 and 4 during the 
summer of 1976. All of the above collections were 
taken between 0900 and 1600 h c.s.t. (central 
standard time). r

Every month between March and September 
1976 (excluding August) we sampled either Sta­
tion 1, 3, or 4 over a 24-h period, taking samples at 
about 4-h intervals. The choice of station was 
based in part on the availability of a safe an­
chorage for our boat. In order to compare data 
throughout the study, collections made between 
1600 and 0900 h were not included in seasonal or 
annual comparisons.

Fishes were collected with a 3.2 mm Ace4 mesh 
bag seine measuring 9.1§| 1.8 m. Hauls were made 
perpendicular to the beach face beginning 16-18 m 
offshore. The area sampled extended from the 
swash zone to the midlongshore trough, and we 
made an effort to take regular samples only in 
areas directly exposed to surf. We continued sein­
ing at each location until no additional new 
species were collected; usually 5-9 hauls sufficed. 
Each collection at each location was thus com­
prised of a successive number of seine hauls. 
Fishes collected from all seine hauls at a single 
station were pooled for analysis. Catch-per-effort 
data from all stations were pooled to provide 
monthly means. The study included 613 seine 
hauls.

Species similarity by months was analyzed by 
the unpaired group arithmetic average clustering 
(UPGMA) method (Sneath and Sokal 1973). Only 
the 15 most abundant species, which were col­
lected in at least 15% of the locations sampled, 
were analyzed. Pair similarity based on species 
presence or absence (Odum 1971) was determined 
by:

S = 2 CIA +B

where C — number of species common to samples 
a and b,

A B  number of species in sample a,
B — number of species in sample 6.

We used stepwise multiple regression to define 
the dominant factors associated with the abun­
dance (fish per seine haul) of the five most fre­
quently occurring species. Environmental para­
meters selected as independent variables were

4Reference to trade names does not imply endorsement by the 
National Marine Fisheries Service, NOAA.

912



United States 
Department of 
Agriculture

Forest Service
Pacific Northwest 
Forest and Range 
Experiment Station

General Technical 
Report 
PNW-146 
November 1982

Evaluating Projects 
for Improving Fish 
and Wildlife Habitat 
on National Forests
Fred H. Everest and Daniel R. Talhelm



Authors

FRED H. EVEREST is a research 
fisheries biologist, Forestry Sciences 
Laboratory, 3200 Jefferson Way, 
Corvallis, Oregon 97331. DANIEL R. 
TALHELM is a fisheries and wildlife 
economist, Michigan State University, 
East Lansing, Michigan 48104.

Common and Scientific Names

Common name Scientific name

Coho salmon Oncorhynchus kisutçh (Walbaum)
Chinook salmon Oncorhynchus tshawytscha (Walbaum)
Cutthroat trout Salm oclarki Richardson
Rainbow (steelhead) trout Salmo gairdneri Richardson



Abstract

Everest, Fred H.; Talhelm, Daniel R. 
Evaluating projects for improving 
fish and wildlife habitat on National 
Forests. Gen. Tech. Rep. PNW-146. 
Portland, OR: U.S. Department of 
Agriculture, Forest Service, Pacific 
Northwest Forest and Range 
Experiment Station; 1982. 12 p.

Recent legislation (PL. 93-452; PL. 94- 
588) has emphasized improvement of 
fish and wildlife habitat on lands of the 
National Forest System. A sequential 
procedure has been developed for 
screening potential projects to identify 
those producing the greatest fishery 
benefits. The procedure — which 
includes program planning, project 
planning, and intensive benefit/cost 
analysis has nationwide application 
for both fish and wildlife projects. 
Fisheries and wildlife values are 
difficult to assess and available 
estimates are far from ideal, but better 
estimates are gradually becoming 
available.
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Introduction

In the 1970’s, Congress formally recog­
nized the potential value of improving 
fish and wildlife habitat on the National 
Forests by requiring comprehensive 
planning for fish and wildlife on 
National Forest System lands (Sikes 
Act, P.L. 93-452, as extended in 1974). 
USDA Forest Service budgets for 
habitat improvement have grown steadi­
ly in recent years, and the National 
Forest Management Act of 1976 (P.L. 
94-588) provided the option to use 
Knutson-Vandenberg funds for habitat 
rehabilitation and enhancement within 
designated timber sales. These recent 
actions have enabled forest managers 
to initiate a positive program to 
improve fish and wildlife habitat on the 
National Forests. But because more 
potential projects exist than can be 
completed annually with existing 
funds, projects that provide the great­
est benefits must be selected.

Biologists, economists, and others who 
participate in the planning and selec­
tion process have difficulty comparing 
project alternatives objectively because 
the range of potential projects is so 
great, and little information has been 
available for estimating expected 
benefits from projects. Thus standard, 
objective evaluation tools, such as 
benefit/cost analyses, have been diffi­
cult to use. Ideally, projects can be 
compared by evaluating the benefits 
and costs of each alternative. Project 
benefits can be defined as the degree 
to which people are better off with the 
project than without it. This can be 
estimated in terms of the aggregate 
willingness of people to pay to have the 
project rather than to go without.
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Benefit/Cost Concepts

Unfortunately, this information is not 
available for most fish and wildlife 
projects because of the lack of conven­
tional markets for recreational use of 
fish and wildlife. How willing recrea­
tional users are to pay for changes in 
the fish and wildlife resource is not 
generally known. Most economic 
studies of recreation are not directly 
usable either because they evaluate 
something other than willingness to 
pay for resource use (such as studies 
of expenditure patterns), or because 
they estimate willingness to pay for 
broad, drastic choices (such as the 
willingness of anglers to pay for a 
State’s entire coastal anadromous 
fishery rather than not have it at all, 
called the “all-or-none” value), rather 
than willingness to pay for the much 
smaller effects of specific projects 
(Talhelm 1980). All-or-none values can 
differ greatly from project values. Even 
the value of fisheries resources to the 
commercial fisheries sector is difficult 
to estimate. The commercial fisheries’ 
net willingness to pay for improved 
fishing would be the market value of 
the additional fish minus additional 
costs of harvesting and bringing them 
to market. The market values may be 
well known, but the costs are not.

Biologists working in the National 
Forests usually cannot obtain the 
proper kinds of value information for 
each alternative, so they must use short­
cut procedures and rules of thumb 
instead. Our objective is to explain and 
illustrate some useful procedures for 
planning fish and wildlife programs and 
projects for National Forests, and for 
estimating fish and wildlife values—and 
to contrast all of these with ideal 
procedures. Procedures are illustrated 
with a specific example from the 
Siskiyou National Forest of southwest 
Oregon. Before we discuss procedures 
for program and project planning, 
however, we first present a brief 
explanation of benefit/cost concepts 
(adapted from Francis et al. 1979).

When we ask whether the benefits of 
rehabilitation will exceed the costs, 
what are we really asking? One answer 
is that we are asking whether, over the 
long run, the gains outweigh the costs. 
If so, theoretically, the gainers could 
pay the capital and labor costs and 
compensate any losers so that in the 
end, none would feel worse off and at 
least one group would feel better off. 

Bhis is the same question you implicitly 
ask yourself when you decide whether 
you should purchase any product in 
the market. If you voluntarily purchase 
something at a given price, you do so 
because you think you will be better off 
with the product, and your payment 
will have compensated the producers. 
Both you and the producers have volun­
teered to buy and sell, so you both 
must have decided the exchange was 
in your best interests. The main 
difference in rehabilitation is that the 
beneficiaries of public decisions may 
not be the only ones who pay the 
costs, and the losers are not always 
compensated.

Compensation is considered adequate 
for our purposes when everyone feels 
at least no worse off, after the change 
has been produced and compensation 
has been paid. Adequate compensa­
tion, then, is the minimum required to 
make people who have given up some­
thing feel as well off as before. In other 
words, it is their willingness to accept 
compensation. In analyzing public 
decisions, economists look at two 
values: the benefits, measured in terms 
of the maximum the public would be 
willing to pay; and the costs, measured 
in terms of the minimum the public 
would be willing to accept as compen­
sation. These values are easily 
measured in an ongoing market where 
payments are offered and accepted, 
but where is the market for rehabilita­
tion projects?

If long-run benefits exceed long-run 
costs, the project is probably a good 
choice for society unless better choices 
are available because the social gains 
outweigh the social costs—a gain in 
aggregate welfare for society. This is 
because if compensation were paid no 
one would be worse off and at least 
some members of society would be 
better off. These gains and losses can 
also be assessed in ways other than 
through economic analysis (such as 
through political processes or Delphic 
methods), and sometimes that is neces­
sary if the benefits, costs, or both 
cannot be accurately estimated. Accu­
rate economic benefit/cost analysis, 
however, has the advantage of provid­
ing confidence that we have arrived at 
the best decision.

Although benefit/cost analyses assess 
social choices in an important sense, 
they do so only in special, confined 
ways. Certain social values or consid­
erations are usually not addressed in 
benefit/cost analyses. Those considera­
tions are social equity; human rights or 
other ethical judgments; economic im­
pacts; and major shifts in social policy.

Social equity in the economic sense is 
usually thought of as the distribution of 
income or wealth among members of 
our society. Because the benefits and 
costs of projects are measured in terms 
of willingness to pay or to accept com­
pensation, both of which depend upon 
the current distribution of wealth, all 
benefit/costs analyses depend to some 
extent on current distribution of 
income. The results might differ if 
income were distributed differently. In 
fact, whether or not gainers actually 
pay losers will have some effect on 
income distribution, so even this could 
affect the results of a benefit/cost 
analysis. In addition, if the existing 
distribution of income in society were 
considered unfair, then the results of 
any benefit/cost analysis might also be 
considered unfair. The effects of 
income distribution are ignored in 
benefit/cost analyses. But political and 
administrative decisionmaking 
processes often consider, in one form 
or another, the equity effects of income 
distribution.
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Program Planning

Human rights and other ethical judg­
ments are also usually ignored in 
benefit/cost analyses. Obviously these 
are based on human biases, but 
benefit/cost analyses do not attempt to 
distinguish good from bad ethics. 
Political judgments may, however, and 
those judgments can override 
benefit/cost analyses.

To economists, economic impacts are 
measures of the transfer of income, 
employment, or both from one region 
to another or from one sector of the 
economy to another as a result of some 
change in the economy. You often hear 
about dollars spent by recreationists at 
motels, restaurants, and gas stations, 
or that commercial fisheries not only 
employ the fishers themselves but also 
the processors and perhaps local res­
taurant personnel. Secondary impacts 
are usually not relevant in benefit/cost 
analyses because they are not direct 
measures of benefits or costs, but of 
the location of economic activity. The 
only aspects of economic impacts that 
should be included in benefit/cost 
analyses are the positive or negative 
values of alleviating or causing un­
employment of capital, labor, or both, 
and the value of progress toward or 
away from any social goal of trans­
ferring income and employment from 
one region or economic sector to 
another. Communities and regions are 
often concerned with economic im­
pacts because they greatly influence 
patterns of local growth and commun­
ity integrity. These considerations are 
more likely to form part of a political 
judgment than a benefit/cost analysis 
because economists have great diffi­
culty measuring the values represented 
by such concerns.

Finally, the “macro” judgments of any 
society are usually considered beyond 
the useful scope of benefit/cost analy­
sis. For example, the decision to open 
western North America to homestead­
ing and the decision to put a man on

the moon by 1970 both represent delib­
erate political choices resulting in 
major changes for society. These kinds 
of decisions lead to changes that are 
uncertain or even totally unanticipated 
at the outset. The decisions are made 
only because of a strong conviction 
that the ensuing benefits will more than 
offset the costs. A traditional, detailed 
benefit/cost analysis is neither possible 
nor would it increase public confidence 
in the merits of this kind of decision. 
Any major redirection of society or its 
economy will in itself change the 
values we rely upon to estimate dollar 
benefits and costs, thereby reducing 
the reliability of the analysis.

Social equity and human rights must 
be considered separately and weighed 
against the benefit/cost analysis of any 
project. A logical approach would be to 
complete the benefit/cost analysis and 
then to follow any explicit Forest 
Service guidelines, or if these are 
unavailable, to ask an advisory com­
mittee to rerank projects on the basis 
of human values. Public hearings could 
be held or elected representatives 
might rerank the projects. Obviously, 
any of these processes might result in 
socially worse rankings than the orig­
inal ones, or the costs of the reranking 
process may be greater than the bene­
fit received. That social equity and 
human rights values would significantly 
alter many fish and wildlife project 
analyses for National Forest projects is 
unlikely, however.

Program planning—the initial step—is 
a broad evaluation of the entire range 
of potential projects, with the objec­
tives of identifying the kinds of pro ects 
worthy of more detailed evaluation in 
the project-planning stage, and under­
standing how these projects relate to 
each other and to other goals and 
objectives of the Forest and of related 
agencies. Ideally, the benefits and 
costs of each possible project would be 
evaluated. In this context, program 
planning can be viewed as a general­
ized benefit/cost evaluation, accepting 
or rejecting whole, broad categor es of 
possible projects to permit the planner 
to concentrate on the most likely 
projects.

This process is often not even recog­
nized as a form of benefit/cost analysis. 
Planners often speak of identifying 
needs and types of projects that would 
meet those needs. On closer examina­
tion, however, needs are simply results 
likely to be highly beneficial. An area 
with few angling opportunities relative 
to the potential angling effort is spoken 
of as having a deficit of angler days or 
a need of so many angler days. In other 
words, the benefits of providing for 
additional angler days there are likely 
to be great. Quantifying potential bene­
fits would be a much more precise way 
of understanding need, but shortcut 
procedures are more expedient at this 
stage.

Identifying Needs

Program development must be respon­
sive to local and national needs for 
recreation, commercial fishing, or 
enhancement of habitat for threatened 
or endangered species. Statewide 
comprehensive plans, State fish and 
wildlife plans, and the Endangered 
Species Act of 1973 (P.L. 93-205) are 
examples of documents that can be 
used to identify needs for habitat 
improvement.
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Table 1 — Deficits in catch of anadromous and resident salmonids in southwest 
Oregon in 1980, and Siskiyou National Forest’s potential to eliminate deficits by 
enhancing habitat

Salmonids
Deficit

Enhancement
potentialNumber of fish 

caught
Activity-days

ANADROMOUS

Spring Chinook 400 3,000 Low
Fall Chinook 1,000 6,000 High
Coho 1,000 1,000 Medium
Summer steelhead 400 3,000 Low
Winter steelhead 1,000 5,000 High
Cutthroat 300 300 High

RESIDENT

Trout in streams 18,000 7,000 Low
Trout in lakes 74,000 30,000 Low

An example from southwest Oregon il­
lustrates how these needs are identi­
fied. Data in the Oregon Statewide 
Comprehensive Plan (USDA Forest 
Service 1976) indicated that a deficit in 
supply of most anadromous and 
resident salmonids occurred within the 
State in 1980. The most serious deficits 
in southwest Oregon were associated 
with fisheries for fall Chinook salmon, 
coho salmon, winter steelhead, and 
resident trout in lakes and streams 
(table 1).

Habitat improvement on the Siskiyou 
National Forest could eliminate a 
portion of the deficit in recreational 
angling. The Forest contains portions 
of 11 river basins producing anadro­
mous salmon and trout; it supports one 
of the largest anadromous fisheries in 
the National Forest System. Angling for 
resident trout in the Siskiyou is minor. 
The Forest’s streams support few fish- 
able populations of resident trout, and 
only a few small fishing lakes are pre­
sent. The potential for development or 
improvement of additional lakes is not 
great. Clearly, the highest potential for 
improving fish habitat lies in segments 
of streams used by anadromous sal­
monids. Consequently, efforts to im­
prove fish habitat on the Siskiyou were 
directed first toward eliminating deficits

in supply of anadromous salmonids. 
Improvement of habitat for fall Chinook 
and winter steelhead offers the greatest 
potential for reduction of deficits.

The capacity of forests in western 
Oregon to produce resident and 
anadromous salmonids, as well as 
other species, varies; regional 
coordination of proposed projects 
would in some general way compare 
expected levels of benefits and costs 
between Forests. Intrarégional coor­
dination of Forest Service projects, and 
coordination with States and other 
Federal agencies, should avoid 
duplication of effort and potential 
conflicts, as well as direct more 
funding into the most cost/beneficial 
areas.

Selecting Projects to Meet Needs

What types of habitat could be improv­
ed on the Siskiyou to meet deficits in 
populations of fall Chinook salmon and 
winter steelhead? To answer this ques­
tion, factors limiting populations of 
these species were explored, for both 
marine and freshwater phases in their

life histories. Successful coastwide 
programs for enhancing hatcheries 
suggested that the marine environment 
was not currently limiting any popula­
tions of anadromous salmonids 
produced in southwest Oregon. In 
fresh water, either spawning or rearing 
habitat could have been limiting; 
however, with rare exception, streams 
on the Siskiyou contained spawning 
gravels in excess of requirements for 
seeding the available rearing areas. 
Increasing spawning gravels would 
have little or no benefit. Rearing habitat 
is the limiting factor in most streams on 
the Forest, primarily because of low 
streamflows associated with droughty 
conditions common to southwest 
Oregon in summer.

What types of projects could most effi­
ciently enhance or expand available 
rearing areas? Only a few options are 
available to compensate for shortages 
of water; a promising one was to allow 
anadromous salmonids access to unoc­
cupied habitat. Several natural barriers 
on streams of the Siskiyou block up­
stream migrants from suitable spawn­
ing and rearing habitat. Removing or 
laddering such barriers could increase 
production of fall Chinook and winter 
steelhead, and deserved careful study. 
Program planning started with this type 
of project but was ultimately expanded 
to consider all types of projects that 
could enhance production of anadro­
mous salmonids.

Selecting Geographic Areas 
for Projects

Other considerations being equal, pro­
jects should be located in river basins 
that have the highest potential to pro­
duce additional fish. On the Siskiyou 
National Forest, the Rogue, Illinois, 
Chetco, and Elk Rivers probably best fit 
this category. Projects in those rivers 
are probably most cost effective—they 
will probably produce the greatest im­
mediate results (numbers of fish) from 
funds invested. Potential projects in 
less productive watersheds, however, 
should also be considered because the 
benefits in some, more costly areas 
could be proportionally much greater 
than in lower cost areas. Existing data 
should be compiled for each potential 
project in which barrier removal or 
laddering, for example, would benefit 
anadromous salmonids.
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Table 2 — Fish species blocked from upstream access by barriers on Siskiyou National Forest streams

Anadromous salmonids

Watershed Fall Summer Winter
and streams Chinook Coho steel head steel head Cutthroat

CHETCO

Emily X X X X
Eagle

COQUILLE

X

South Fork X X
Elk X X

ELK

Anvil X X X
Rock X X X

ILLINOIS

Briggs
Cave

X
X

Collier X X X
Gray back X
Indigo X X X
Lawson X X X
Silver X X X
Sucker

ROGUE

X

Burned Timber X X
Shasta Costa X X X X
Stair

SIXES

X

Dry X X X X

Selecting Project Sites

Inventory data currently available on 
the Siskiyou list 18 barriers that are 
restricting upstream access for anadro­
mous salmonids (table 2), but the in­
ventory is incomplete. Additional 
stream surveys will increase the number 
of potential projects. Potential sites 
should be jointly selected by State and 
Federal agencies.

General Evaluation of 
Potential Projects

Each site identified is a potential pro­
ject, but intrinsic or extrinsic factors 
might preclude its development. Cri­
teria for eliminating projects might 
include, at least: the species of fish that

will benefit; legal constraints; and 
administrative restrictions on certain 
projects or geographic areas. This 
amounts to a simple form of project 
evaluation that will probably reduce the 
number of potential projects. Projects 
not eliminated should be subjected to 
project planning to determine their 
priority for development.
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Project Planning

The next step in development of a 
habitat-improvement program is pro­
ject planning, in which all barriers 
listed in table 2 would be subjected to 
an intense analysis of benefits and 
costs. A natural falls on Shasta Costa 
Creek in the Rogue Basin illustrates the 
process of project planning. All barriers 
in table 2 should be subjected to the 
same kind of analysis, and ultimately, 
so should all other potential projects. 
The focal point of project planning is a 
feasibility study, which as a minimum 
includes: an environmental assess­
ment; an engineering investigation; a 
preliminary design; and a benefit/cost 
analysis. Four basic areas of project 
feasibility will be analyzed during the 
project-planning process — physical, 
biological, economic, and social.

The economic analysis is the heart of 
the feasibility study. All costs 
associated with the project (planning, 
construction, operation, and mainten­
ance) must be accurately defined over 
the expected life of the project. Costs 
can often be identified precisely, but 
benefits must also be realistically 
analyzed in detail -Band this is perhaps 
the most difficult aspect of benefit/cost 
analysis for projects to improve fish 
and wildlife habitat.

The first step is estimating increased 
biological production. How many adult 
fall Chinook salmon or winter steelhead 
will the Shasta Costa project produce? 
The question is best answered by 
relating production per unit area below 
the barrier to comparable spawning 
and rearing area above the barrier. 
Laddering will open about 4.76 km of 
good spawning and rearing habitat for 
winter steelhead and cutthroat trout, 
and about 1.60 km for Chinook and 
coho. Stream surveys and redd counts 
on Shasta Costa Creek indicate that 
about 43 pairs of steelhead, 13 pairs of 
fall Chinook, 3 pairs of coho, and 12 
pairs of cutthroat spawn annually per 
kilometer of accessible stream. Apply­
ing these data to potentially available 
habitat above the falls, an increased 
annual escapement of 200 pairs of steel­
head, 20 pairs of Chinook, 5 pairs of 
coho, and 60 pairs of cutthroat could 
be expected to result from laddering.

Expected catch of salmon is five times 
escapement, and expected catch of 
steelhead and cutthroat from Shasta 
Costa Creek are 25 and 20 percent of 
escapement, respectively. No benefits 
would be realized the first 3 years of 
the project, and only half the potential 
annual benefits realized dur­
ing the second 3-year period because 
of the cyclic life-history patterns of 
these species. These estimates appear 
conservative, but we think they are 
realistic based on observed use of 
downstream waters.

How can the benefits of increased fish 
production be estimated? Because 
benefits are measured by the willing­
ness of people to pay for the change, 
the effects of the project on anglers, 
commercial fishers, and others must be 
estimated. Ideally, commercial fishing 
benefits attributable to the project 
would be estimated by the resulting 
increase in commercial fishing reve­
nues (landed value) minus the resulting 
increase in commercial fishing costs. 
Because precise estimates of these 
revenues, and particularly these costs, 
are usually not available, average 
revenues and costs may be substituted. 
These figures are generally available 
for major commercial species, and 
average values probably differ little in 
the long run from values attributable to 
the project. If the increase in produc­
tion is great enough to lower prices, 
the effects on consumers and produc­
ers must be considered. Producers 
benefit because they harvest more fish 
with the same effort, and consumers 
benefit from lower prices at the partial 
expense of producers. The net benefit 
may be approximated by multiplying 
the change in price by the average of 
total production before the change and 
total production after the change. 
Detailed econometric studies would be 
needed to estimate the benefits more 
precisely.

Angling benefits are estimated by the 
willingness of anglers to pay for the 
change. Because no traditional market 
for angling exists, however, project 
planners are often at a loss to estimate 
such values. Furthermore, if a market 
existed, the values of improvements in 
angling would vary greatly from site to 
site, much more like land values vary 
from place to place than like the 
relatively uniform values of commercial 
fish. The value to anglers of a given 
increase in fish production depends on 
the relative change in angling quality, 
the availability of substitutes similar to 
preproject and postproject angling 
quality, the availability of substitute 
kinds of angling, the preferences of 
anglers for the preproject and post­
project kinds of angling, and the ac­
cessibility of the site to anglers. One 
method of estimating the change in 
angling value is to ask anglers directly 
how much they are willing to pay for 
the change. This method is subject to 
many pitfalls, however, and is not 
recommended without guidance from 
experienced researchers. Angler expen­
ditures are not appropriate measures of 
project values because they measure 
the cost of angling rather than anglers’ 
willingness to pay for a project. Will­
ingness to pay for a project is an 
amount in excess of actual expendi­
tures; it can be thought of as an access 
fee to use the site. For example, in 
Great Britain, angling rights are 
privately owned, and from 1973 to 1976 
anglers in Scotland paid an average of 
$175 per fish to rent a section of river 
for salmon fishing.

Accurate estimates of angling values in 
the United States are now possible but 
expensive, requiring highly sophisti­
cated econometric studies of angler 
travel and expenditure patterns or of 
anglers’ responses to questions about 
hypothetical situations. An important 
caution is necessary here. Unless the 
study is specific to the project site or a 
site similar in the five respects 
mentioned in the previous paragraph, 
the project values will probably differ 
from the estimated values. Project 
value can vary that much, even within a
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restricted geographic area. In fact, by 
far most econometric studies of angl­
ing values estimate the values of 
choices that drastically differ from any 
of the choices usually considered by 
National Forest planners. Typically the 
studies estimate the all-or-none value 
of the fishery investigated — the 
willingness of anglers to pay to have 
the present fishery rather than not have 
it. This is an extreme value, and it is 
generally higher than most project 
values because projects on National 
Forests represent relatively minor 
changes in the overall fishery. Econo­
mists estimate all-or-none values 
because they are academically interest­
ing and because they represent a clear­
ly identifiable social choice, even if it 
has practically no direct significance to 
the projects. More detailed explana­
tions of principles and procedures are 
available in Clawson and Knetsch 
(1966), Gregory (1972), and more 
vigorously in Talhelm (1973), Dwyer et 
al. (1977), and Freeman (1979).

This leaves the Forest planner with little 
information on which to estimate 
project benefits. Even the current 
values from the Forest and Rangeland 
Renewable Resources Planning Act 
used by the Forest Service are based 
on estimates of all-or-none values.
Until better estimates are available, 
however, project planners have little 
choice but to follow Forest Service 
guidelines — as were used for our 
example, the Shasta Costa project.

Recent National legislation (National 
Forest Management Act of 1976, P.L. 
94-588) requires use of fishery values 
(and values of other resources) in all 
land-use plans. The Forest Service, in 
compliance with P.L. 94-588 and the 
Forest and Rangeland Renewable 
Resources Planning Act (RPA), has 
developed a set of daily consumer 
benefits (table 3) for use in fishery 
valuation and economic analysis of 
habitat-improvement projects (USDA 
Forest Service 1979).

Table 3 — Net consumer benefits for the USDA Forest Service 1980 Renewable 
Resources Planning Act Assessment (USDA Forest Service 1979)

Consumer benefits/ Consumer benefits/
Fishery angler-day commercial pound

........................... Dollars

ANADROMOUS SALMONIDS

Sport benefits 19.50
Commercial benefits 0.63
Sport habitat improvement 19.50 —
Commercial habitat improvement 0.80

INLAND SPORT FISH

Cold water/warm water use 5.25
Cold water habitat improvement 6.25
Warm water habitat improvement 4.25 —

RPA values (table 3) of $19.50 per 
angler-day for improving habitat for 
anadromous salmonids and $0.80 per 
pound for commercially caught salmon 
were used to estimate consumer bene­
fits for the Shasta Costa project. The 
procedures are illustrated in figure 1. 
Most of the predicted net annual bene­
fit of $8,300 is associated with in­
creased production of fall Chinook 
salmon and winter steelhead (table 4). 
Future evaluations should use the most 
recent daily consumer benefits recom­
mended by USDA Forest Service. The 
project will remove about 5.8,1.5,10.0, 
and 8.0 percent, respectively, of the 
deficit in catch of fall Chinook, coho, 
winter steelhead, and sea-run cutthroat 
that was expected in southwest Oregon 
by 1980.
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Pacific Salmon

Increased Catch/escapement _Total salmon 
escapement ratio tJj9 l  catch

Anadromous T rout

Increased catch x Angler-days/ _ Total x Net benefits/.. Total annual 
fish angler-days angler-day net benefit

Figure 1. — Procedures for evaluating increased production of Pacific salmon and anadromous trout resulting from habitat improvement.

Table 4 — Expected annual net economic benefits from laddering a natural barrier on Shasta Costa Creek, Siskiyou National 
Forest

Commercial x pounds/ Total Net value/ _ Net commercial 
catch fish “  pounds x pound Sk value

Ocean sport Angler-days/_ Total angler- Net benefits/ Net value \  Annual total 
catch x fish h K  days x angler-day- ocean sport 7 net benefit

River sport Angler-days/_ Total angler- Net benefits/_ Net value 
catch x fish ~ days x angler-day 'd river sport

Net Net
consumer consumer Total net “Catch

Species
Increased

catch
benefits,

sport
benefits,

commercial
consumer
benefits

deficit“
relieved

Number Dollars...... ........ .....

Fall Chinook 200 1,360 1,210 2,570 5.8
Coho 50 330 190 520 1.5
Winter steelhead 100 4,680 4,680 10.0
Cutthroat 24 530 — 530 8.0

Total 374 6,900 1,400 8,300

Costs associated with the project were 
also estimated. The Shasta Costa bar­
rier, located 2 km from the nearest 
access road, is composed of a forma­
tion of bedrock and large boulders that 
creates a cascade about 3.2 m high. A 
concrete fishway, an aluminum Alaska 
steeppass, and a bedrock fishway creat­
ed by blasting were considered possi­
ble alternatives for upstream passage 
of salmonids. Estimated construction 
costs of a conventional concrete fish­
way at this remote location exceeded 
$100,000, and the cost of a steeppass 
was about $25,000. Steeppasses, how­
ever, are easily clogged with debris and 
need frequent attention during freshets 
— a major disadvantage in a remote 
location. A fishway constructed by 
drilling, blasting, and adding minor 
supplemental weirs of concrete and 
reinforcing steel was easy to build at 
this location, economical, and required
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little maintenance. The estimated cost 
included $930 for planning, $9,170 for 
construction, and $300 annually for 
maintenance (table 5). Because antici­
pated benefits were the same for all 
three construction techniques, the third 
alternative was selected.

Once costs and benefits have been esti­
mated, project alternatives may be 
compared. Costs and benefits antici­
pated during the effective life of the 
project (considered to be 20 years in 
this example) may be listed in a table 
and discounted back to a common time, 
usually the year of construction. 
Discounting is necessary because a 
dollar today is worth more than the 
prospect of a dollar at some future 
date, and discounting determines the 
present worth of costs and benefits that 
are incurred or realized in the future. 
The present worth (discounted value) 
of a cost incurred in the future is 
calculated by use of the single­
payment, present-worth factor by the 
formula:

p = s  —  w A
<1 +  ¡ ) n

where P = worth of the sum S, n years 
in the future at interest rate i. For 
example, the present worth of a $500 
benefit expected 2 years in the future at 
7-percent interest equals:

P s 500 ------ 1-------  $437.
(1 + 0.07)2

For a more detailed discussion of 
discounting, see Sheridan (1969) and 
Grant and Ireson (1970). A planner 
should use this standard method of 
discounting and the appropriate 
current interest rate to estimate present 
worth of project costs and benefits. In 
this example, we have used an interest 
rate of 7 percent as recommended by 
the Water Resources Council (1973) for 
water-related development projects 
(table 6). The benefit/cost ratio (B/C) 
was derived by dividing discounted 
benefits by discounted costs. If the 
ratio is greater than 1, the project is 
economically sound. The Shasta Costa 
project, with a ratio of 4.33:1, appeared 
to be economically sound and highly 
desirable for development.

Table 5j#j- Estimated costs of providing fish passage at a natural barrier on Shasta 
Costa Creek, Siskiyou National Forest

Activity Cost

PROGRAM PLANNING Dollars

1 person-day 80

PROJECT PLANNING

11 person-days 750
Travel 100

CONSTRUCTION

40 person-days 3,500
Travel and per diem 800
Powder 120
Concrete, steel, wood 500
Equipment 3,000
Helicopter time 750
Administration 500

Maintenance, $300 annually 5,700

Total 15,800

If a project B/C ratio is sensitive to 
changes in interest rates or to errors in 
estimated costs and benefits, especially 
if the ratio is near 1:1, the project is 
considered risky. For example, the 
Office of Management and Budget 
(OMB) requires that economic sound­
ness of projects to improve fish habitat 
considered by the USDA Forest 
Service be assessed at a 10-percent 
discount rate. If a slight increase in 
interest rate changes the B/C ratio 
from a number greater than one p>1) to 
a number less than one (<1), the 
project might be questionable. To test 
its sensitivity to errors in cost and 
benefit measurement, the B/C ratio 
could be recalculated, for example, 
with the assumption that costs are up 
10 percent and benefits are down 10 
percent. If slight changes in benefits 
and costs change the B/C ratio from a 
number >1 to a number <CI, the project 
might be marginal. Sensitivity analysis 
is highly recommended because esti­
mates of project benefits are so 
uncertain.
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Table 6 — Discounted benefits and costs of the Shasta Costa project, Siskiyou 
National Forest, and benefit/cost ratio calculated at a discount rate of 7 percent

Year Cost
Discounted

cost Benefit
Discounted

benefit!/

Discount
factor
@.07

.... Dollars -

1 10,100 10,100 0 0 .9346
2 300 280 0 0 .8734
3 300 262 0 0 .8163
4 300 245 4,150 3,166 .7629
5 300 229 4,150 2,959 .7130
6 300 214 4,150 2,765 .6663
7 300 200 8,300 5,168 .6227
8 300 187 8,300 4,831 .5820
9 300 175 8,300 4,514 .5439

10 300 163 8,300 4,219 .5083
11 300 152 8,300 3,943 .4751
12 300 143 8,300 3,685 .4400
13 300 133 8,300 3,445 .4150
14 300 125 8,300 3,219 .3878
15 300 116 8,300 3,008 .3624
16 300 109 8,300 2,811 .3387
17 300 102 8,300 2,628 .3166
18 300 95 8,300 2,456 .2959
19 300 89 8,300 2,295 .2765
20 300 83 8,300 2,115 .2584

Total 15,800 13,202 

B/C 1

128,650

57,227
13,202

57,227

-4.33

U  Costs are not discounted in year 1, but any benefits realized in year 1 are discounted.

The B/C ratio can be calculated per- v 
haps most efficiently by using the 
USDA Forest Service, California 
Region (R-5) computer program, Invest 
III (USDA Forest Service 1972). The 
program allows use of three interest 
rates in determining B/C ratios and has 
internal provisions for testing sensitivity 
to changes in anticipated benefits and 
costs. Invest III sensitivity analysis for 
the Shasta Costa project indicated that 
the positive B/C ratio of 4.33 at 7- 
percent interest is not sensitive to slight 
changes in interest rate or costs and 
benefits. If costs are increased 10 
percent and benefits reduced 10 per­
cent, the B/C ratio is still a positive

3.55:1. At the OMB-recommended inter­
est rate of 10 percent, the B/C is 3.35:1 
and at 6 percent, 4.47:1. Invest III also 
estimates present net worth at three 
interest rates and the internal rate of 
return. The present net worth of the 
Shasta Costa project are $29,658, 
$44,057, and $50,253, respectively, at 
10-, 7-, and 6-percent interest, and the 
internal rate of return is 26.6 percent. 
Figures 2 and 3 list Invest III data for 
the Shasta Costa project. For detailed 
information on Invest III, consult R-5 
Invest III handbook (USDA Forest 
Service 1972).

The internal rate of return (IRR) 
assesses the relative payoff of a pro­
ject. If a limited budget is available and 
projects being considered range greatly 
in size, the easiest way to select the 
group of projects with the greatest 
aggregate return within the budget is to 
compare internal rates of return. Simply 
rank projects by IRR, and choose the 
highest set possible within the budget.

Public review is often the final step in 
determining the soundness of a pro­
ject. After physical, biological, and 
economic analyses are complete, an 
environmental analysis or an environ­
mental impact statement must be 
written. If a project has a significant 
impact on the environment, it must 
have public review. Negative public 
response could result in a decision to 
defer or delete the project from further 
consideration. If the project survives 
public review, it is ready to be under­
taken when funds become available.

For a complete analysis of improve­
ment projects associated with barriers, 
other potential projects listed in table 2 
should be subjected to the planning 
process. Detailed B/C and IRR 
analyses of each project should 
determine priority. Also, because 
habitat inventory on the Siskiyou is 
incomplete, the planning process must 
be kept open to accommodate new 
information as it is collected.

10
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Figure 2. — Standard Invest III (USDA 
Forest Service 1972) form for benefit/cost 
analysis. Data are for the Shasta Costa 
project, Siskiyou National Forest.

Figure 3. — Simulated Invest III output data 
for benefit/cost analysis of the Shasta 
Costa project.
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Project Evaluation

The final element in program 
development — perhaps equal in 
importance to the steps discussed 
previously ®  is postdevelopment 
assessment of the accuracy of the cost 
and benefit estimates. Long-term 
projects may be assessed several times 
over their lives.

The Shasta Costa fishway construction 
was completed in 1978. Actual con­
struction costs were $1,384 higher than 
estimated. The annual maintenance fee 
of $300/year is still anticipated to be 
correct. Increases in fish production 
cannot yet be measured, but the fish­
way is allowing fall Chinook salmon 
and winter steel head to pass upstream, 
and projected increases in production 
will probably occur. Based on the 
increase in construction costs and the 
probability that anticipated benefits will 
be realized, a postconstruction benefit/ 
cost ratio (3.92:1) can be calculated at 
a 7-percent discount rate. Additional 
benefit/cost calculations should be 
made as actual increases in biological 
production are monitored over the next 
few years. Results of such evaluations 
are valuable in planning future projects 
to enhance habitat and improving pre­
cision of future benefit/cost analyses.
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TROPHIC RELATIONSHIPS OF FISHES OCCURRING  
W ITHIN A SURF ZONE HABITAT IN THE  

NORTHERN GULF OF MEXICO

Timothy Modde1 and Stephen T. Ross*
Department of Biology, Box 5018 

University of Southern Mississippi 
Hattiesburg, MS 39401

Abstract: We studied trophic relationships of Florida pompano ( carolinus), gulf
kingfish (Menticirrh us littoral is),scaled sardine striped anchovy (Anchoa
hepsetus) and dusky anchovy (A.lyolepis) during their spring residency in the Horn Island, 
Mississippi, surf zone. Harengula jaguana,A. lyolepis and A. hepsetus were zooplanktivores, 
utilizing primarily calanoid copepods, mysids and various decapod larvae. 
toralls and T. carolinus utilized benthic prey including Donax, Emerlta and polychaetes; 
however, small pompano also fed on zooplankton. Mentlcirrhus littoralls, T. carolinus, H. 
¡aguana and A. lyolepis also showed distinct dietary changes with increasing fish size. Three 
species, A.lyolepis, H. ¡aguana and M. littoralis fed at least partially at night, while carolinus 
and A. hepsetus were primarily diumai predators. Cluster analysis of size intervals of all species 
based on presence or absence of prey taxa formed groups consistent with taxonomic rela­
tionships, thus indicating considerable interspecific resource separation.

INTRODUCTION

Surf zone regions of the Gulf of Mex­
ico are important habitats for the juvenile 
stages of many fishes (Gunter 1958; 
Springer and Woodburn 1960; Naughton 
and Saloman 1978; McMichael and Ross 
1980; Modde 1980; Modde and Ross 
1981). In general, young fishes occur in 
surf zones during the spring and sum­
mer, although fall and winter spawned 
species such as Lagodon rhomboïdes, 
Leiostomus xanthurus, cephalus,
or Brevoortia patronus may occupy them 
during winter and early spring (Modde 
and Ross 1981). In addition to seasonal 
periodicity, fishes show diel utilization 
patterns of surf zones, with the greatest 
abundance occurring in the early morn­
ing (Modde and Ross 1981). Thus, the 
surf zone, in addition to being a physical-

'Present address: Department of Wildlife and 
Fisheries Sciences, South Dakota State Universi- 
ty, Brookings, SD 57007.

ly dynamic habitat, is characterized by a 
dynamic ichthyofauna in which different 
suites of species may be interacting daij 
ly and seasonally.

Trophic relationships of fishes in 
surf zone areas are largely unknown even 
though many species, such as pompano 
(Trachinotus carolinus), gulf kingfish 
(Menticirrhus littoralls), scaled sardine 
(Harengula ¡aguana), and mullet (Mugil 
spp.) are of commercial importance. 
Thus, the purpose of our study was to 
compare food habits and relationships of 
the numerically dominant spring-summer 
fishes of the Horn Island, Mississippi, 
surf zone. Species selected for analysis 
were: Anchoa lyolepis (dusky anchovy), 
A. hepsetus (striped anchovy), Harengula 
¡aguana (scaled sardine), Trachinotus 
carolinus (Florida pompano), and (Men­
ticirrhus littoralis (gulf kingfish).

METHODS AND MATERIALS

Sampling stations were in the surf 
zone habitat along the windward shore 
of Horn Island, Jackson County, 
Mississippi. Horn Island is one of a chain

‘Visiting Research Professor (1981-1982) Universi­
ty of Oklahoma, Biological Station, Star Rt. B, 
Kingston, OK 73439.
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of barrier islands lying parallel to the 
Misslssippi-Alabama Gulf coast (Fig. 1). 
The island is approximately 14 km off­
shore, 19 km long and less than 1.2 km 
wide. The center of the island, is at 30° 
14" N and 88° 40' W (Franks 1970). The 
windward beach is partially protected 
from oceanic wind driven waves by a 
series of sand bars which extend the 
length of the island. The exposed beach 
is characterized by a sand substrate, 
moderate wave activity, and the absence 
of any rooted vegetation. The four 
stations (Fig. 1) were located within an 
environment categorized by Odum and 
Copeland (1974) as a high energy beach 
system.

Fishes were collected with a 9.1 x
1.8 m bag seine with 3.2 mm mesh. The 
net was hauled perpendicular to the 
beach face, beginning 16-18 m offshore. 
The sampled area was from the swash 
zone to the midlongshore trough and in­
cluded only areas exposed directly to

MISSISSIPPI SOUND

Î
10 KM

Figure 1. Map of the study area on Horn Island, 
Jackson County, Mississippi.

surf. Five to nine seine hauls were taken 
at each location between 0900 and 1500 
CST (see also Modde and Ross 1981).

Stomach contents of M. littoralis 
and H. jaguanawere examined for May
(N = 45, 181), June (N = 11, 85) and July 
(N = 37, 59). Stomach contents of T. 
carolinus were analyzed for May (N = 150) 
and June (N = 28), while stomachs of 
hepsetus were examined only for May 
(N = 127). Stomach contents of A. 
lyolepis were studied in May (N = 51) and 
September (N = 101). The September 
data were included due to better 
representation of fish within most time 
periods. The duration for which 
stomachs were collected for the different 
species was dependent upon the occur­
rence of fishes in the surf zone for the 
spring and summer of 1976.

Every month between March- 
September 1976 (excluding August) we 
sampled either Station 1,3 or 4 over a 24 
h period, taking samples at approximate­
ly 4 h intervals. The choice of station was 
based in part on the availability of a safe 
anchorage for our boat.

Immediately upon capture, fishes 
were placed in MS 222 to prevent 
regurgitation and then fixed in 10% For­
malin. Stomach content analysis includ­
ed identification, determination of 
volume and percent occurrence of prey 
items within the stomachs. The section 
of the alimentary tract examined was 
that anterior to the pyloric sphincter. We 
determined the volume of food 
organisms smaller than .05 cc by a 
squash technique modified from 
Hellawell and Abel (1971) by Ross (1974), 
and the volume of larger food items by 
displacement.

Plots of cumulative taxa versus the 
number of stomachs examined indicated 
that sample sizes sufficient for descrip­
tion of prey kind were obtained for all 
length groups with the exception of the
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A REVIEW OF SURF ZONE ICHTHYOFAUNAS IN THE GULF OF MEXICO

Stephen T. Ross
Department of Biological Sciences 
University of Southern Mississippi 
Hattiesburg, MS 39406-5018

ABSTRACT: High energy surf zone habitats bordering the Gulf of Mexico provide an 
important resource, from both a recreational and biological perspective. Because 
of the overriding effect of high wind-driven wave energy, such areas show well 
defined physical characteristics and form a broad filtration system, removing de- 
trital and planktonic components from the water column and concentrating nutrients 
along the swash zone. Organisms capable of utilizing these regions often show 
high degrees of morphological, physiological or behavioral specialization and form 
a very characteristic assemblage. Biological knowledge of surf zone ichthyofaunas 
in the Gulf of Mexico is still limited, with Horn Island in the northern Gulf and 
Mustang Island in the western Gulf being the most studied. Surf zone fish faunas 
are dominated numerically by relatively few species, although over 76 species, most 
of them rare, have been recorded from the south shore of Horn Island. The faunas 
are temporally dynamic on both a seasonal and daily basis. Since the surf zone 
area is utilized by a species often only during part of its life cycle, a strong 
seasonal periodicity occurs. In general, young fishes occur off high energy beaches 
in the spring and summer, remaining into early fall. By October and November, in 
the Northern Gulf, few fishes remain in the habitat, but by early spring numbers 
begin increasing again. The importance of the region to larger fishes is less well 
known, in part because of sampling problems. Daily variation also occurs, with the 
greatest biomass generally before dawn. Numerically dominant species from Gulf of 
Mexico surf zones include anchovies (Anahoa lyo lep is and A. hepsetus), scaled sardine 
(Harengula jaguana) , menhaden (Brevoortia patronus), kingfishes (Msnticirrhus 
amerioanus, M. l i t to r a l i s , M. s a x a ti l i s), mullets (Migil curema, M. oephalus), 
croaker (MLcropogonias undulatus) and pompano (Traohinotus earolinus). This region 
is thus used by a number of commercially important fishes. Various species including 
Florida pompano, gulf kingfish and scaled sardine are strongly dependent on surf 
zone areas as a nursery. Striped anchovy, white and striped mullets, gulf menhaden 
and spot also may be dependent (in terms of juvenile survival) on these high 
energy systems. Much additional information, especially on horizontal numerical 
density gradients of organisms seaward from the swash zone, and energy transfer 
in the surf ecosystem, is needed. It is important to emphasize, however, that the 
value of a habitat to a species should not be judged solely by the duration that 
an organism occupies it, but by how critical a role the habitat plays in the life 
cycle of the species. Temporally dynamic surf zones utilized by various fishes 
and invertebrates, especially during portions of their early life history, may 
have a much greater role in the life cycles of the coastal organisms than previously 
realized.

INTRODUCTION

High energy beaches form an extensive but 
discontinuous border around the Gulf of Mexico, 
occurring along mainland coasts as well as on 
barrier islands. Barrier island beaches are 
significant, comprising 26% of the linear 
coastal beach system in Alabama and 39% in 
Mississippi (Taylor et al. 1973). The coastline 
of the western Gulf of Mexico is bordered by ex­
tensive barrier islands also (Hill and Hunter 
1976).
The purpose of this paper is to review 

studies of fish assemblages occurring off 
high energy beaches in the Gulf of Mexico, 
with emphasis on the northern Gulf, and to 
relate this information to our understanding 
of the coastal ecosystems in general. In

any review such as this, geographic level 
differences affect one's ability to make 
generalizations. However, since high energy 
beach systems are united by well defined physical 
characteristics caused primarily by wave action, 
it may be less difficult to make generalizations 
for these habitats compared to other marine or 
estuarine areas. The scope of the habitat sam­
pled in the various studies, while variable, 
has usually included the surf (strictly 
defined), the transition, and swash zones (Fig.
1). For the purpose of this paper I will use the 
term surf zone in the broad sense (cf. McLachlan 
et al. 1981a) covering the habitat from the 
breaker zone to the water's edge at the swash 
zone. The terminology for beaches follows



26 R OSS

McLachlan (1980b) where exposed beaches are those 
experiencing moderate to heavy wave action, 
having the reduced layers deep, and generally 
lacking macrofaunal burrows.

Offshore Prelim. Surf«— Ï----- :—I-----------
Breaker Line

Transition Swas
H------1-----4

Fig. 1. A diagrammatic representation of the 
near-shore, open beach habitat. Hatched areas 
indicate regions of higher wave energy. Modi­
fied from Ingle (1966 and Schiffman 1965).

High energy beach systems, characterized by 
pounding surf and a shifting sand substrate, 
offer a particularly harsh environment to living 
organisms. Hedgpeth (1957) considered such 
areas to be less favorable for life than other 
shore habitats, except gravel or cobble beaches. 
Because of the harshness, high energy beach 
systems support a specifically adapted inverte­
brate (e.g. Dahl 1952; Riedl and McMahan 1974; 
Diaz 1980; Dye et al. 1981) and vertebrate 
(e.g. Gunter 1958; McFarland 1963b; Anderson 
et al. 1977; Modde and Ross 1981) fauna.
However, to species adapted to this environment, 
the wave energy may provide a considerable ad­
vantage. For instance, species of the mole crab 
(Emerita) depend on water currents generated 
by receding waves for nutrition. Mole crabs 
feed on plankton and detritus by filtering 
the backwash from waves with their plumose an­
tennae (Dahl 1952; Efford 1966; Ansell et al. 
1972; Leber 1982). The often abundant haustoriid 
amphipods may have similar ecological roles 
(Dahl 1952; Dexter 1969). Wave energy supplies 
plankton and detritus to the filter feeding 
bivalve Donax> as well as facilitating horizontal 
movement by physical displacement (Wade 1967). 
Wave energy is also likely exploited by fishes 
in exposing prey and in concentrating plankton 
along the swash zone.

Beaches operate as large filtration systems 
along the swash zone and thus carry out an in­
valuable role as biological purification systems 
for coastal water. Riedl (1971) estimated that 
an average beach would filter approximately 10 
m^ m-^ beach per day, and McLachlan (1979) deter­
mined filtration rates of 3.8 to 15.2 m^ m" per 
day. Filtration is positively related to beach 
slope, tidal range, substrate particle size and 
exposure, and inversely related to wave frequency 
(McLachlan 1979; 1982).
Pearse, Humm and Wharton (1942) provided 

one of the first studies on high energy 
beach ecosystems. One of their conclusions 
identified the importance of sand beaches 
as great digestive and incubating systems 
in which bacteria break down organic re­
mains providing a supply of inorganic 
nutrients to the surrounding water. Bacterial 
concentrations in high energy beaches can

be substantial. For example, Meyer-Reil 
et al. (1978) determined an average total 
bacterial biomass of 5.0 g dry weight per nr of 
beach (taken to a depth of 10 cm) for surf zones 
of the Baltic Sea.

Recent studies of McLachlan (1980a) and 
McLachlan et al. (1981a) indicate that surf 
zones, from the intertidal and subtidal areas to 
the perimeter of the surf cells, form a function­
al ecosystem. The argument for this is that the 
amount of inorganic nutrient material liberated 
in the surf zone through the mineralizing activity 
of the interstitial microfauna and macrofauna is 
sufficient to support local plankton blooms. 
Because surf zone areas often have a cellular 
circulation sufficient to retain nutrients 
long enough for plankton blooms to occur, the 
beach system may be only slightly subsidized 
with the bulk of the energy turnover occurring 
within the system. The degree of subsidy likely 
varies between different beaches and seasons, in 
part through the differential importation of 
particulate organic material, carrion (McLachlan 
et al. 1981a) and fish feces. Whether surf 
zones of the Gulf of Mexico constitute 
semi-enclosed ecosystems is not known; however, 
the conclusion gains support by work of 
McFarland (1963a) who suggested that net 
primary production in the surf zone of Mustang 
Island may be able to maintain the entire heter- 
otrophic component of the zone during the 
summer. Gunter (1979) also reported localized 
plankton blooms off Texas beaches, again suggest­
ing the localized release and retention of 
nutrients in the surf zone.

Primary production in surf zones is accom- 
ished essentially by phytoplankton. For in­
stance, Ansell et al. (1972) found that Indian 
beaches had essentially no primary production 
by interstitial or attached micro-organisms. 
Instead, surf zone organisms were dependent 
on the water overlying the sand for food re­
quirements, through primary production, detrital 
input or carrion. Phytoplankton production 
varies seasonally. McFarland (1963a) found that 
plankton metabolism paralleled fish abundance, 
being higher in summer and lower in the winter 
for the surf zone of Mustang Island, Texas. 
Carrion importation, while non-predictable, 
may at times provide substantial energy 
subsidies as well (Brown 1964; Gunter 1979). 
Lenanton et al. (1982) have recently shown 
that detached plants washed into surf zones 
may harbor an invertebrate fauna, especially 
amphipods, which constitute an important 
element in the diet of some Australian surf 
zone fishes. The dominant macrofaunal inverte­
brates in surf zone areas are detrital feeders 
(primarily deposit feeders) (Hill and Hunter 
1976) or planktivores (McLachlan et al. 1981b; 
Shelton and Robertson 1981).

Gunter (1958) commented that "Vertebrate life 
of the beach environment is little known." To­
day, such a statement largely remains true for 
most surf zone systems in North America, inclu­
ding the Gulf of Mexico. For instance, Bagur 
(1978), in an annotated bibliography of United 
States barrier islands, listed only two studies 
dealing with fishes from surf zone areas of
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Gulf of Mexico barrier islands, yet the outer 
beaches of barrier islands form an extensive 
border around the Gulf. More recently, Modde 
(1980), Modde and Ross (1981), McMichael (1981), 
Modde and Ross (1983), Ruple (1983), McMichael 
and Ross (in prep.) and Ross et al. (in prep.) 
have examined various aspects of the ichthyo­
fauna associated with the Horn Island, Miss­
issippi surf zone. In addition, Shelton and 
Robertson (1981) studied macroinvertebrate 
assemblages along two high energy beach systems 
in the northern Gulf of Mexico off of Texas, and 
Naughton and Saloman (1978), and Saloman and 
Naughton (1978; 1979) studied fishes and in­
vertebrates from the swash zone of Panama City 
Beach, and fishes from Pinellas County beaches 
in Florida. The only other high energy beach 
system well studied in regard to fishes in the 
entire Gulf of Mexico is Mustang Island, Texas 
(Gunter 1945; 1958; McFarland 1963b).
While many high energy beaches in the Gulf of 

Mexico remain to be studied, I believe it timely 
and important to review what is known about surf 
zone ichthyofaunas. The outer beaches are the 
first line of defense against coastal storms 
(Nummedal 1982), but they are also the coastal 
environment first in line of impact from off­
shore pollution. Surf zone areas may be one of 
the most sensitive regions of the coastal envir­
onment, but their dynamic nature makes detection 
of man-made perturbation difficult (Dye 1981; 
McLachlan et al. 1981b). Because general know­
ledge of the northern Gulf of Mexico is limited, 
this review should help provide coastal planners 
and fisheries managers with the necessary infor­
mation to make educated decisions concerning 
management of high energy beach systems, and 
species utilizing them.

FISHES

Species Composition

Surf zone fish faunas are characterized by 
relatively few species making up the majority 
of individuals. In the Gulf of Mexico between 
4-10 species comprised 90% of the individuals 
collected (Table 1). The same pattern is true 
for the Atlantic coast of the United States as 
Anderson et al. (1977) found that five fish 
species comprised over 90% of the specimens 
collected from Folley Beach, North Carolina and 
Schaefer (1967) reported that less than ten 
species comprised 90% of the catch from a Long 
Island beach over a three year period. The data 
for biomass are much more limited, but suggest 
for both Mustang and Horn island surf zones 
a somewhat more even distribution between 
species, with 13 and 16 species, respectively, 
making up 90% of the biomass. Anderson et 
al. (1977) found that five species of fishes 
only made up 69% of the biomass of the Folley 
Beach surf zone, again indicating a greater 
evenness.

The total number of fish species reported 
from Gulf of Mexico surf zones ranges between 
44-76, with a strong mode in the 40's (Table 1). 
The higher species number reported by Modde

and Ross (1981) is likely due to more months 
being sampled as well as the small mesh size 
used. In fact, there is a significant re­
lationship between the number of species 
collected and the number of months sampled 
(rg = .86, P <.01) for the available studies 
(Table 1). The Spearman rank correlation 
statistic (rg) was calculated following 
Siegel (1956) after correcting for ties. The 
greatest decline in species versus sampling 
effort occurs in studies of less than eleven 
months. In addition to sampling effort, com­
parison of species numbers between studies is 
complicated by differences in technique, 
sampling efficiency of gear (including mesh size 
and net dimensions), and timing, both seasonal 
and diel, of the sampling.
Various authors, including Gunter (1958), 

McFarland (1963b), and Modde and Ross (1981) 
have commented on the apparent high faunal 
similarity of surf zone ichthyofaunas from 
different areas. This is of course especially 
true for comparisons within a single geo­
graphic region. A listing of the eight most 
abundant species reported from the Gulf of 
Mexico surf zones certainly supports the 
statement of high faunal similarity (Fig. 2). 
Fishes broadly characteristic (based on number) 
of high energy beach areas include scaled 
sardines (HarenguZa Jaguana), gulf menhaden 
(Brevoortia patronus), bay anchovies (Anahoa 
m itohtZZi), dusky anchovies (A. ZyoZepis), 
striped anchovies (A. hepsetus)3 sea catfish 
(Arius fe Z is ) , Atlantic threadfin (PoZydaotyZus 
oatonemus), silversides (Meniduz peninsuZae 
and M. beryZZvna), white mullet (MugiZ ourema), 
Florida pompano (Traohinotus earoZinus),
Atlantic bumper (ChZorosoombrus ohrysurus), 
Atlantic croaker ( Mieropogonias unduZatus), 
gulf kingfish ( Mentioirrhus Z itto ra Z is) , and 
pinfish (Lagodon rhomboides). The studies 
used in Fig. 2 did not address larval fishes 
and are also likely biased in varying degrees 
against larger fishes that may escape from 
small seines. Two studies cited in Table 1, 
McFarland (1963b) and Ross et al. (in prep.) 
partially controlled for escapement of larger 
fishes by using longer seines (cf. Table 1).
Only Ruple (1983) (not listed in Table 1), has 
studied larval fishes.
The 69 species of larval fishes recorded by 

Ruple (1983) from the Horn Island surf zone is 
very similar to the number of species represented 
by juvenile and adult individuals for Horn Island 
(cf. Table 1). However, species composition of 
larvae differed from juvenile and adult fishes. 
Five taxa, BairdieZZa ohrysoura, Trineotes 
macuZatus, Dormitator maouZatus, GobioneZZus spp. 
and Myrophis punotatus were common as larvae but 
were rarely collected as juveniles or adults. 
Conversely, H. jaguana, T. oaroZinus and M. 
Z itto raZ is, common as juveniles or adults, were 
rarely collected as larvae. Species numerically 
dominant as juveniles and adults, which were also 
listed by Ruple (1983) as being dominant as 
larvae, include engraulids, spot, gulf menhaden 
and pinfish. Thus, for some fish species the 
surf zone environment is used only by larval
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stages with the juvenile nursery ground located 
elsewhere, primarily in lower salinity environ­
ments. For the second group, spawning occurs 
further offshore (Ruple 1983) so that the surf 
zone is not encountered until the larval stage 
is near completion. The surf zone functions as 
a nursery for the juvenile stage of these 
species. The third group apparently spawns in 
both nearshore as well as more offshore waters 
(Ruple 1983), but reaches the barrier island 
surf zone as larvae and remains in the area as 
juveniles or even adults.
Only several Gulf of Mexico studies have eval­

uated the biomass of fishes in surf zone 
habitats. McFarland (1963b) reported a very 
similar ranking of species importance for both 
number and biomass, with the five numerically 
dominant species included within the top eight 
in importance based on biomass. Ross et al.
(in prep.) in contrast, found more of a differ­
ence as only four of the top five species based

on number were included in the upper 10 based on 
biomass. The primary reason for this is the 
use of a much smaller mesh size in the latter 
study resulting in the retention of numerous 
early juvenile stages of many species. The 
eight most important species from Horn Island, 
based on biomass, were striped mullet, 
sheepshead, sea catfish, spadefish, gulf king- 
fish, scaled sardine, bluntnose stingray and 
pinfish.

The zonation of fishes in surf zone en­
vironments is also likely important, both in 
abundance and species composition. Ruple 
(1983) for instance, found differences in both 
number and kind of larval fishes in the inner 
and outer areas of the Horn Island surf zone 
with more larvae being collected in the outer 
surf areas. Juvenile kingfish seem most abun­
dant within the swash zone (pers.obs.). How­
ever, there is little additional information 
on species zonation, in part due to the

Table 1. Species numbers and abundance of numerically and gravimetrically dominant fish species
reported from surf zone environments in the Gulf of Mexico. (S = stretched mesh; B = bar mesh)

Total
Species

Species 
Comprising 
90% Number

Species 
Comprising 
90% Weight

Location Number of 
Sample 
Months

Gear : 

Length

Size

Mesh

Source

- 6 - Mustang Island, 
Texas

16 15.2m 8.4mm-S Gunter 1945

44 8 - Mustang Island, 
Texas

11 15.2m 6.4-8.4 
mm-S

Gunter 1958

47 10 13 Mustang Island, 
Texas

11 193m 19mm-S McFarland 1963b

25 5 - Gilchrist, Texas 2 30.5m 19mm-S Reid 1955a;b

38 8* - Gilchrist, Texas 1 30.5m 19mm-S Reid 1956

76 5 - Horn Island, 
Mississippi

21 9.1m 3.2mm-B Modde & Ross 
1981

57 6 16 Horn Island, 
Mississippi

12 50m 3.2mm-B Ross et al. 
in prep.

44 6 - Panama City, 
Florida

12 30.5m 6.4mm-B Naughton & 
Saloman 1978

48 Passe-a-Grille &
Bella Vista Beaches, 
Pinellas Co., Florida

14 15.2m 9.5mm-S Springer & 
Woodburn 1960

62 5 Barrier Island 
Beaches, Pinellas 
Co., Florida

12 30.5m 6.4mm-B Saloman & 
Naughton 1979

22 7 - Sanibel Island, 
Florida

10 30.5m 6.3mm Gunter & Hall 
1965

* comprised 97% of catch
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MISS. ALA.

LOUIS.
FLORIDA

TEXAS ^ ¿ 5 ' b

1. Gulf Menhaden
2. Bay Anchovy
3. Atlantlc Threadfln 
4.Sea Catfish
5. Atlantic Bumper
6. Florida Pompano

' I. Florida Pompano 
Z.Scaled Sardine 
3.White Mullet 

MEX. • 4. Bay Anchovy
5. Atlantic Croaker
6. Gulf Menhaden
7. Gulf Kingfish 
8.Striped ̂ Anchovy

1. Atlantic Threadfin
2. Tidewater Silverside
3. White Mullet
4. Gulf Kingfish
5. Atlantic Bumper
6. Florida Pompano 
7.Scaled Sardine
8. Barred Grunt

I
I. Dusky Anchovy 
2.Scaled Sardine 
3. Gulf Menhaden 
4.Striped Anchovy
5. Florid a Pompano
6. Bay Anchovy
7. Spot
S.Gulf Kingfish

I
I. Scaled Sardine 
2.Striped Anchovy
3. Bay Anchovy
4 . Dusky Anchovy
5. Gulf Kingfish 
6.Silversides
7. Florida Pompano 
8.Southern Kingfish

D
I

I. Scaled Sardine 
2.Silversides
3. Pinfish
4. Florida Pompano
5. White Mullet
6. Gulf Kingfish
7. Longnose
8. Spot

wpano f  y  ;;

9t /ish I
K illifish#  F'

I. Scaled Sardine 
2.Striped Anchovy
3. Bay Anchovy
4. Tidewater Silverside
5. Gulf Kingfish
6. Atlantic Thread Herring
7. King Whiting
8. Florida Pompano

I. Striped Mullet 
2.Scaled Sardine
3. GuirKingfish
4. Southern Kingfish 
5.Striped Anchovy 
6.King Whiting
7 White Mullet 
8. Spot

Fig. 2. A listing of the 6-8 most abundant fishes from surf zone environments in the Gulf of Mexico.
A = Mustang Island, B = Gilchrist, Texas, C = Horn Island, D = Panama City, E = Pinellas Co., F = Sanibel 
Island. Sources for each area are given in Table 1 except that data from Gunter 1945 and Reid 1956 are 
not shown. Earlier studies are listed above later studies from the same area.

difficulty of sampling the various regions of 
the surf zone.

Temporal Dynamics

Fish assemblages utilizing surf zone habitats 
show strong temporal structuring on a seasonal 
and diel basis and also from the timing in the 
life history of a species when the habitat is 
occupied. Such dynamism makes it difficult to 
compare studies due to possible seasonal or diel 
differences in collecting effort, or gear 
susceptibility of different life history stages.
Seasonal changes in surf zone ichthyofaunas 

have been documented for all areas listed in Fig. 
2. The seasonal pattern demonstrates both quali­
tative and quantitative effects. The general 
pattern is for fish abundance to be lowest off 
Gulf beaches in the winter, rising to peak abun­
dances in the summer or fall. McFarland (1963b), 
Modde and Ross (1981), Naughton and Salaman 
(1978) and Salaman and Naughton (1979) all found 
the greatest concentration of fishes during late 
summer to fall. During 1978-79 density of fishes 
was highest during the stammer (June - August) on 
Horn Island (x= 2.8 m- )̂ and this value signifi­
cantly exceeded spring and fall levels (Kruskall- 
Wallis Test, P <.05) of .8 and .5 m” , re­
spectively (Ross et al. in prep.). The density 
of fishes reported by McFarland (1963b) from 
Mustang Island was approximately an order of

. —2magnitude lower, being .3 m In the spring- 
summer and ,02 m-^ in the winter. Much of the 
difference may be due to the larger mesh size 
used by McFarland which would have allowed the 
numerous smaller fishes to escape.

The standing crop for Horn Island was also 
significantly greater in the summer with an 
average of 5.2 g m~2 (Ross et al. in prep.). In 
comparison, Naughton and Saloman (1978) recorded 
an annual standing crop of .75 g m-^ for Panama 
City Beach with a June - August average of 
2 g m-^ . The spring-summer standing crop re­
ported by McFarland (1963b) for Mustang Island 
was 11.7 g m-^, exceeding the Horn Island value. 
The ranges, however, overlap.

In contrast to the seasonal pattern of the Gulf 
of Mexico studies, Anderson et al. (1977) re­
ported that the greatest number and weight of 
fishes was taken from a North Carolina surf zone 
in the winter, although more species were 
collected during the summer. In part, they 
attributed the winter rise in catch to decreased 
net avoidance of larger fishes caused by lower 
water temperatures.

Surf zone habitats may be briefly encountered 
by fishes moving along the coasts through passes 
into more protected waters, or by species that 
remain in the outer beach system for longer
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periods of time. Greeley (1939) considered that 
fishes using a Long Island, New York, beach 
during the summer were divisible into permanent 
residents, immature summer residents and 
migrants. McFarland (1963b) further subdivided 
use categories into: 1) year-round residents,
2) spring-summer residents, 3) summer residents, 
4) winter-spring residents and 5) transients. 
Residency has been used in the spirit expressed 
by Modde (1980) as, "...species which indicated 
adolescent utilization of the surf zone by a re­
latively uniform increase in length throughout 
a given season, and [which] usually exhibited a 
high frequency of occurrence." Resident species 
may not necessarily rank highly by number or bio­
mass. Few species occur year-round in surf zone 
environments. McFarland (1963b) listed only 
three of 47 species for Mustang Island in this 
category, these being striped mullet, sea catfish 
and pinfish. Modde (1980) considered only one 
species, the southern stargazer (Astrosaopus 
y-graeaum) , to be a permanent resident of the 
Horn Island surf zone.

Seasonal groups of fishes utilizing high energy 
beaches in the Gulf of Mexico have been described 
by Gunter (1945; 1958), McFarland (1963b),
Saloman and Naughton (1979), and Modde and Ross 
(1981). These groups are summarized in Table 2, 
but due to differences in the studies, the

groups may be based solely on species contri­
buting most to percent number, or to a considera­
tion of residency groups where frequency of 
occurrence in individual collections is balanced 
against numerical abundance. Florida pompano 
typically occur off beaches from spring through 
summer and into fall, as do scaled sardines. On 
Horn Island, Modde (1980) showed that H. jaguana 
generally remained in the surf zone further into 
fall than T. oavolinus, and this also appears to 
be true for the Florida beach studied by Saloman 
and Naughton (1979). Gulf kingfish also occupy 
surf zones from spring through fall. This species 
first occurs in the spring in the northern and 
western Gulf (Table 2; Modde 1980; McMichael 
1981), with the greatest abundance from June to 
October. In Florida, Saloman and Naughton (1979) 
reported an abundance of gulf kingfish into the 
winter. Other fishes frequently categorized as 
spring-summer residents include white mullet, 
Atlantic threadfin (off Texas beaches), and bay 
anchovy. Fishes reported as common fall resi­
dents are bay and striped anchovies. Winter 
residents include bay anchovy and tidewater 
silverside.
Diel changes in number and kind of fishes in 

surf zones are apparently substantial, but less 
studied. In the Gulf of Mexico day-night 
ichthyofaunal changes have been systematically

Table 2. Seasonal components of surf zone fish faunas in the Gulf of Mexico. Rankings are based on 
numerical abundance unless indicated.

LOCATION SPRING SUMMER FALL WINTER SOURCE

Mustang Is. bay anchovy 
white mullet 
Atlantic threadfin

Atlantic threadfin 
scaled sardine 
Florida pompano

bay anchovy 
scaled sardine 
Florida pompano

white mullet 
bay anchovy

Gunter 1945

Mustang Is. Florida pompano 
white mullet 
Atlantic croaker

Florida pompano 
scaled sardine 
menhaden

scaled sardine 
Florida pompano 
bay anchovy

tidewater
silverside
longnose
killifish

Gunter 1958

Mustang Is. Atlantic threadfin 
tidewater silver- 
side
gulf kingfish 
Florida pompano 
scaled sardine

crevalle jack 
Atlantic bumper 
Atlantic croaker 
Spanish mackerel 
harvest fish

silver perch McFarland
1963b

2Horn Island dusky anchovy 
scaled sardine 
mojarras (Euein- 
ostomus sp.) 
Florida pompano

flat anchovy 
Spanish sardine 
white mullet 
striped mullet 
gulf kingfish

striped anchovy 
gulf kingfish

gulf menhaden
pinfish
spot
striped mullet

Modde and 
Ross 1981

Pinellas Co. striped anchovy 
bay anchovy 
tidewater silver- 
side
scaled sardine 
king whiting

scaled sardine 
gulf kingfish 
king whiting 
Florida pompano 
tidewater silver- 
side

scaled sardine 
Atlantic thread­
herring
tidewater silver- 
side
striped anchovy 
gulf kingfish

bay anchovy 
gulf kingfish 
scaled sardine 
tidewater 
silverside 
striped anchovy

Saloman and 
Naughton 197!

Seasonal categories are: spring-summer, summer, winter-spring;inclusion is based on residency. 
^ Inclusion is based on frequency of occurrence.
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studied only for Horn Island (Modde and Ross)
1981; Modde and Ross 1983; Ruple 1983; McMichael 
and Ross in prep.; and Ross et al. in prep.). 
Studies of diel changes of fishes from U. S. 
Atlantic surf zones are also few (e.g. Merriman 
1947; Daly 1970), even though such data are re­
cognized as being important (Anderson et al.
1977).
Modde and Ross (1981) found that the greatest 

number of fishes were present in the Horn Island 
surf zone between 0300 and 0900 h CST. This 
pattern occurred over the entire period, March 
to September, in which 24 h seining was done.
A later study on Horn Island using a 50 m block 
net enclosing 300 m2 (Ross et al. in prep.) 
showed less defined patterns. Biomass and stand­
ing crop did not differ significantly over a 
24 h period, although variation was greatest 
around dawn and dusk. Larval fishes also exhibit 
diel changes. Ruple (1983) found that larval 
density in both the inner and outer surf zone 
region was significantly greater at night.

Species composition changes over a 24 h period 
in the surf zone environment. For instance, in 
June, July and October, 1979, McMichael and Ross 
(in prep.) found the greatest abundance of gulf 
kingfish in the morning, generally around sun­
rise. Abundance of dusky anchovy and scaled 
sardine was greatest early in the morning, 
followed by a mid-morning peak of striped 
anchovy (Modde and Ross 1981). Pompano were 
generally more abundant later in the day, but did 
not show well developed diel abundance patterns.

Time of day is undoubtedly not the only factor 
important in influencing diel changes in number 
and standing crop of fishes in surf zones. Tide 
level is also of likely importance as Modde and 
Ross (1981) found that tide was the most im­
portant environmental factor influencing 
clupeoid abundance on a seasonal basis. However, 
the analysis did not include time as a variable 
and was limited to fishes collected during the 
day. The available information suggests that 
clupeoid fishes may be more variable on a 24 h 
basis than percoids such as gulf kingfish or 
pompano.

Uses of the Surf Zone Habitat by Fishes

The surf zone region may be used by various 
life history stages of fishes as a shelter from 
predation by larger fishes, or as a feeding, or 
spawning area. Use as a nursery area (a shelter 
and feeding site for young fishes) is included 
in these categories. As a group, fishes in the 
various resident categories likely use surf 
areas for most or all of these functions, 
although few studies have addressed this problem.

The summer resident fishes of the Horn Island 
surf zone are divisible into two groups: 1) 
those using the surf zone as a feeding area and 
perhaps also as a shelter area; and 2) those 
using the area primarily as a shelter area 
(Modde and Ross 1983). The logic in assigning 
fishes to these two groups was the relationship 
between daily time of greatest feeding activity 
in the surf zone and time of greatest abundance. 
The approach assumes that feeding periodicity of 
fishes captured nearshore reflects their activity

further offshore. Scaled sardines, Florida 
pompano, gulf kingfish and striped anchovy all 
use the area as a feeding site, while dusky 
anchovy feed very little during their period of 
greatest surf zone abundance. Fishes, such as 
dusky anchovy, which feed offshore and then move 
into surf zones may serve as importers of 
organic material which may be directly utilized 
by particulate feeders such as Emerita or trap­
ped by the filtering action of the swash zone 
for later consumption by other macro- or meio- 
faunal elements. An analogous role has recently 
been shown by Meyer et al. (1983) for coral reef 
fishes that feed away from the reef site at 
night and import nutrients to the reef proper 
when schools of resting fishes form over the 
reef during the day.

Trophic studies of surf zone fishes in the 
Gulf of Mexico include the work of Modde and 
Ross (1983) for T. aarolinus, M. littoralis,
H. jagaana, A. lyolepis and A. hepsetus;
McMichael (1981) and McMichael and Ross (in 
prep.) for M. littoralis, M. amerioanus and M. 
saxatilis and Finucane (1969) for T. carolinus 
and T. faloatus. Clearly, there is a great 
need for additional inquiry into trophic rela­
tionships of surf zone fishes.

Trophic input to surf zones, as discussed 
earlier, is primarily in the form of particu­
late organic material and phytoplankton. Mc­
Farland (1963b) pointed out that planktivorous 
fishes dominated the surf zone of Mustang Island, 
and on Horn Island the numerically dominant 
fishes are again primarily planktivores. Only 
gulf kingfish and larger Florida pompano (of 
the five species studied by Modde and Ross 1983) 
utilized benthic prey. The importance of 
plankton to the surf zone ecosystem is illustra­
ted by the partial food web for the summer, sub- 
tidal beach area of Horn Island (Fig. 3). Since 
studies of invertebrate zonation and feeding 
relationships are not available for this area, 
data are used from other regions. More detailed 
food webs for other surf zone areas are given 
in Hedgpeth (1957) and McLachlan et al. (1981a). 
Various species of Donax (Dahl 1952; Brown 1964 
and Leber 1982) and Emerita (Dahl 1952; Leber 
1982) are known to be particulate feeders 
utilizing organic deposits and phytoplankton. 
Macroinvertebrates other than Donax and Emerita 
are listed together in Fig. 3. Data on food 
habits of various macrofaunal invertebrates from 
surf zones, including polychaetes, cumaceans, 
amphipods (especially Haustoriidae) and isopods, 
are given in Brown (1964), Dahl (1952) , and 
Dexter (1969). These organisms include direct 
and indirect deposit feeders and phytoplank- 
tivores.

Assigning fishes to trophic groups is difficult 
since there are often ontogenetic trophic 
progressions (e.g. Ross 1978; Livingston 1982). 
While such progressions occur for Horn Island 
fishes, the broad trophic categories result in 
minimal distortion. Size groups which show 
changes are listed separately. In particular, 
larger bay anchovies consume fishes as well as 
zooplankton; larger scaled sardines become more 
herbivorous; and larger pompano and gulf kingfish 
prey increasingly on fishes. Feeding data on
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A. m'itahitt'L are from Darnell (1958) and Carr 
and Adams (1973), and data for Msnidia D evyllina  
are also from Carr and Adams. Food habits of M. 
aephalus are described by Darnell (1958), Odum 
(1970) and DeSilva and Wijeyaratne (1977). Less 
information is available for M. aurema, although 
it is also considered to consume benthic micro­
plant material and macroplant detritus (Odum 
1970) .
While the majority of trophic units utilize 

water column prey, the abundant benthic macro­
invertebrates, Donax and Emerita, are also import­
ant food items to certain fishes, especially 
gulf kingfish and Florida pompano. It is parti­
cularly intriguing to note the consumption of 
Donax siphon tips, primarily by small kingfish 
and pompano. Browsing (sensu Choat 1982) of 
infaunal invertebrates has recently been ex­
amined by Woodin (1982) and Peterson and 
Quammen (1982). The latter authors found that 
siphon nipping substantially reduced growth 
rates of the bivalve Protothaoa staminae in 
sandy habitats, but had little effect on clam 
mortality. Browsing by surf zone fishes on 
Donax siphon tips may represent an important 
energy pathway from particulate organic matter 
and primary production into higher consumer 
levels. Larger kingfish and pompano abandon 
browsing and consume entire Donax.

Surf zones are important nursery areas for 
certain fish species. Post-larval and juvenile 
fishes comprise the most numerous element of 
the surf zone ichthyofauna (Modde 1980; Modde 
and Ross 1981), and late larval and juvenile 
stages of some species may remain in the surf 
zone for a considerable period of time (cf.
Table 2). Species which appear to be highly

dependent on surf zones as nursery areas are: 
Florida pompano (Modde 1980; Finucane 1969), 
gulf kingfish (Modde 1980; McMichael and Ross 
in prep.), scaled sardines (Modde 1980) and 
striped anchovy (Ruple 1983). While dusky 
anchovy are often abundant in surf zones,
Modde (1980) found that there was no in­
crease in size structure over time, indicating 
a continual influx and departure of juvenile 
fish. Both white and striped mullet also 
appear to use surf zone regions as nursery 
areas (Anderson et al. 1977), as do gulf men­
haden and spot (Ruple 1983) and the two addi­
tional species of Menticivnhus,  M. saxatiHs 
and M. amerioanus (Greeley 1939; Irwin 1970; 
McMichael and Ross in prep.). In addition, 
species of generally lower abundance such as 
Astrosaopus y-graeoum are closely associated 
with surf zone areas. Recently, Lenanton (1982) 
pointed out the importance of alternative, non- 
estuarine, nursery areas for Australian coastal 
fishes. He found that a number of species con­
sidered to be estuarine dependent were not ex­
clusively so. The important point is that, 
while estuaries are extremely important nursery 
areas, many other coastal habitats are used as 
well. The importance of the surf zone habitat 
to species using it for a short time is diffi­
cult to discern. If many species move along 
the outer, exposed beaches feeding on abundant 
zooplankton before entering estuaries, then 
the quality of the surf zone habitat may have 
a much further reaching effect on population 
success of commerical, sport and non-game 
fishes than we can understand by looking at 
lists of species which remain in the area and 
are highly abundant.

Fig. 3. A partial summer food web for the sub-tidal exposed beach of Horn Island, Mississippi. 
Numbers refer to sizes in mm standard length.
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WILD
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A Wild Salmon, Trout and Charr Watch:

An International Strategy for Salmonid Conservation

Newsletter No 5

This is the fifth in a series of biannual Newsletters covering 
the activities of the Wild Salmonid Watch. This issue includes 
a list of (new) members, a note on membership, reports from 
Scotland, Canada and Sweden, and details of two publications.
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MEMBERS AND THEIR INTERESTS (3RD ADDENDUM)
CANADA A.T. BIELAK, Department of Biology, University of 

Waterloo, Waterloo, Ontario N2L 3G1. L i f e  h is to r y  s t r a te g ie s  o f  
Quebec A t la n t ic  salm on, j 9

SWITZERLAND CHRISTIAN RIPPMAN, Federal Institute of Water 
Resources, EAWG, CH-6047 Kastanierbaun, Luzern. Salm onids in  
S w itz e r la n d .

U.S.A. SCOTT LINDELL (change of address), Cooperative Fishery 
Research Unit, U.S. Fish & Wildlife Service, Holdsworth Hall, 
University of Massachusetts, Amherst, Massachusetts 01003. G e n e tic  
im p lic a t io n s  o f  th e  r e s to r a t io n  o f  salmon to  th e  C o n n ec ticu t R iv e r .  EUGENE 
UDK PERRIN, Children's Hospital of Michigan, 3901 Beaubian Boulevard, 
Detroit, Michigan 48201. Salm onids and th e  en v iron m en t.

U.S.S.R. S.M. KONOVALOV (change of address), Institute of 
Ecology, Academy of Science, Tolijati 3, Kujbyshev Region. Salm onid  
c o n s e rv a tio n  and management problem s.

MEMBERSHIP
The above additions bring the present membership to a healthy 
98 watchers from 18 countries. There is also a significant 
number of people who wish to be kept informed about the 
activities of the WSW, even although they themselves are not 
active watchers. However, in addition to both these groups 
it seems likely that there may be people who are not yet 
aware of the WSW or its objectives. Members are encouraged 
to contact anyone who might be interested and give them 
details. Alternatively the Secretary will be pleased to send 
out the current Newsletter to any names and addresses received.
SCOTLAND
Loch Insh in the Spey Valley of Scotland has a charr population 
which is distinctive for its large size (the previous British rod- 
caught record came from here) and the fact that it spawns in 
running water. Most Scottish charr spawn in lakes. One of the 
feeder streams to Loch Insh, which has long been recognised as an 
important spawning ground for the charr, is the Dunachton Burn. 
Recently, where the Dunachton Burn flows under the new A9 Perth- 
Inverness road, it was put into a culvert, the length and gradient 
of which are such that the charr, together with salmon and sea trout, 
were unable to reach their spawning grounds in 1981 or 1982.
The problem was brought to the attention of the Scottish Office but 
when no official action had been taken by October 1983, local, 
volunteers from the Scottish Wildlife Trust built a temporary fish 
ladder. The attendant publicity may have been more successful 
since the Scottish Office are now apparently considering making 
changes to the culvert to allow fish to swim through.
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CANADA
Makivik Corporation Research Department recently released a 
report 'Life History and Present Status of Anadromous Arctic 
Char (Salvelinus alpinus L.) In Northern Quebec with case 
studies on the George, Payne and Kovik Rivers* by David J.
Gillis, Marc Allard and William B. Kemp.
The report includes sections on natural history, the traditional 
harvest and present utilization of Arctic Charr as well as the 
case studies. The study was undertaken because the Inuit of 
Northern Quebec were concerned that charr stocks could not 
survive the changes in patterns of subsistence harvesting 
commercial fishing and sports fishing that were occurring.
As a result of introductions made at the First International 
Symposium on Arctic Charr in Winnipeg in 1981 blood samples 
from about 500 Arctic Charr from N. Quebec were sent to Dr Rolf 
Gydemo, Institute of Freshwater Research, Drottningholm, Sweden 
for analysis. Preliminary results suggest two distinct populations 
in each of the Kovik and George River fisheries which helps 
emphasize the complexity of modern fisheries assessment.
It is interesting that the Inuit of Northern Quebec with their 
fledgling research organization were one of the first groups 
to officially support and benefit from the concept of the Wild 
Salmonid Watch (or Wild Trout and Char Watch as it was tentatively 
called in 1980). The charr study report is available at nominal 
cost from: Kativik Regional Government, P 0 Box 09, Kinjjuak, 
Quebec, JOM ICO, Canada.
SWEDEN
Johan Hammar reports that the chemical analyses of sea water and 
air in the Arctic during the Swedish Ymer-80 expedition showed 
extremely low levels of pollutants. On the other hand the birds 
in the same area show very high levels of pesticides. Where do 
these pesticides come from? Are they air driven? If so landlocked 
populations of Arctic charr should be affected. In order to find 
out, samples of Arctic charr from various habitats are being 
analysed for pesticides and metals.
The problems of mercury in fish are routinely monitored by the 
National Environment Protection Board, which uses pike as an 
indicator organism. High levels occur even in northern Sweden.
In these areas people usually do not eat pike but mainly charr, 
trout and whitefish. The mercury situation in these fish is 
unknown. Samples of Arctic charr from a lowland lake indicated 
high levels. Now about 15 specimens per month from October 1982 
to September 1983 from Lake Storsjouten, north Sweden are being 
analysed for as many metals as possible. The study is a joint 
project between the Institute of Freshwater Research and the 
National Swedish Environmental Protection Board. Thereafter it 
is hoped to use Arctic charr, the most widely distributed salmonid 
in the northern hemisphere, as an indicator of the distribution of 
different heavy metals and possibly also pesticides.
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WILD SALMON & TROUT CONFERENCE
This publication records the presented papers and transcribed 
discussions of the Wild Salmon and Trout Conference held on 
March 1983, in Seattle, Washington. It includes information 
on wild stocks of salmon, steelhead and trout in the Pacific 
Northwest. The topics range from assessment of the current 
status of wild salmonids to descriptions of public involvement 
in making and implementing policies for managing these fish 
resources. Most of the presentations were given by fisheries 
scientists and managers. Their focus is on the wild stocks of 
salmon, steelhead and trout in the Pacific Northwest and what 
is happening to these stocks given the consequences of fishing 
pressure, management practices, habitat alterations and hatchery 
production. The solutions offered during the symposium for 
recovering declining trends in wild salmonid fisheries included:
1. Full utilization of existing habitat. 2. Prevention of 
further habitat losses. 3. Restoration and enhancement of fish 
habitat. 4. Greater care in selecting fish for hatchery 
reproduction to ensure a wide diversity of genes, and 5. Reduction 
of impacts of mixing wild and hatchery stocks.
In addition, the following questions evaluate how well state and 
federal management agencies are achieving a balance in objectives 
for habitat, harvest, and hatchery management. 1. How much of 
the resource base has been designated for wild fish management?
2. Is there a programme to inventory and classify discrete wild 
and hatchery stocks? 3. Have stock transfer constraints been 
established based on an understanding of stock distribution?
4. Have mixed stock harvest rates been controlled in order to 
allow adequate escapement of wild stocks? 5. Have breeding and 
rearing practices developed for hatcheries been based on genetic 
criteria? 6. Are release numbers and locations for hatchery fish 
based in part on the need to avoid excessive gene flow into wild 
populations? 7. What proportion of agency funds and manpower are 
devoted to habitat protection and development compared to hatchery 
management and harvest management? This useful volume is available 
at a cost of $13.95 from: Washington Environmental Foundation,
80 South Jackson, Suite 308, Seattle, Washington 98104, U.S.A.
CRITFC NEWS
(The Newsletter of the Columbia River Inter-Tribal Fish Commission) 
is published regularly and contains information on salmonid fisheries 
and fishery problems in western North America. Its editors are 
Elizabeth South and Laura Berg and it is provided free of charge 
'for the 'enhancement* of those who care*. CONTACT: CRITFC, 
Publications Information Officer, 2705 E. Burnside, Suite 114, 
Portland, Oregon 97220, U.S.A.
6TH WSW NEWSLETTER
If you have any material for the next Newsletter (deadline 
1 July 1984) please send it to P.S. Maitland, Institute of 
Terrestrial Ecology, 78 Craighall Road, Edinburgh, Scotland.
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form is basically that of the adult. Guts are simple with no 
elaborations in all species. At hatching Umbra has a shorter gut 
and fewer myomeres than Esox and this is reflected in there 
being 5 myomeres between the yolk sac and the anus in newly 
hatching U. pygmaea and 12 in E. americanus (Malloy and 
Martin, 1982).

Relationships

Malloy and Martin (1982) point out three ontogenetic char­
acteristics shared by Esox and Umbra, which indicate close 
relationship. The position of the heart at the time of formation 
is on the yolk sac anterior to and left of the head. All other fish 
for which position of the forming heart is noted have it forming 
under the head in the pericardial cavity or, as in the Atherini- 
formes, near the midline and anterior to the head. The yolk-sac 
circulatory' pattern consists of paired simple common cardinals, 
a posterior rete formed by the subintestinal vitelline vein and 
paired or single hepatic vitelline veins which enter the rete before 
the subintestinal vitelline vein joins the common cardinals at 
the heart (see Fig. 74). This differs from all other salmoniform 
fish for which the pattern is described (Kunz, 1964; Soin, 1966). 
The oil droplets go through a predictable series of clustering and 
dispersion. Oil droplet movement of this sort has only been 
documented previously by Ahlstrom (1968) for bathylagid smelts 
of the genera Bathylagus and Leuroglossus.

McDowall (1969) recognized a salmonoid-osmeroid-esocoid 
lineage but states “Where esocoids fit into this series of sub­
orders and families is not clear to me.” Rosen (1973) likewise

considers the esocoids and salmonoids to probably be closely 
related but considers this alignment to be provisional, fink and 
Weitzman (1982), in contrast, state that they find no evidence 
to consider the esocoids closely related to the other Protacan- 
thopterygii (sensu Rosen, 1974), which are the Agentinoidei and 
Salmonoidei (including the Salmonoidea plus Osmeroidea). 
Fink and Weitzman list the esocoids as sedis mutabilis at the 
euteleostean level or as the sister group to all other euteleosts. 
Soin (1980), on the basis of egg development patterns, feels that 
the esocoid fish are incorrectly placed as a suborder of the Sal- 
moniformes, however he gives no guidance as to correct place­
ment. While the ontogenetic evidence presented in Table 30 is 
not conclusive it suggests that there is a large difference between 
the esocoids and the Salmonoidei and this is consistent with the 
opinions of Fink and Weitzman.

The vertebrae of Umbrids have a pronounced anterior con­
striction, giving them an asymmetrical appearance, however 
Novumbra and Dallia show this characteristic only while young 
and most noticeably in the mid-abdominal region. In Esox the 
vertebrae are either unconstricted or are constricted both an­
teriorly and posteriorly so that they appear symmetrical (Cav- 
ender, 1969). Other differences between the Esocidae and the 
Umbridae are seen in the Umbridae having nine or fewer bran- 
chiostegals, fewer infraorbitals, no supratemporals or intercalars 
and usually fewer than 41 vertebrae (Wilson and Veilleux, 1982).

Chesapeake Biological Laboratory, U niversity of 
M a r y l a n d , Box 38, Solomons, Maryland 20688.

Salmonidae: Development and Relationships

A. W. Kendall, Jr. and R. J. Behnke

SALMONIDS (w'hitefishes, ciscoes, grayling, trout, and salm­
on) are highly important in terms of aesthetic appreciation, 

commercial and recreational value, and scientific study. Studies 
of the development of salmonids from hatching until the time 
of yolk depletion, and of the relationships among subfamilies 
and genera have been largely neglected [see review of systematics 
by Dorofeyeva et al. (1980)] despite the large body of literature 
on early embryological development and relationships among 
species and populations. Salmonids all spawn in fresh or brack­
ish water, some are anadromous while others are strictly fresh­
water. The family is composed of about 10 genera in three 
subfamilies: Coregoninae, Thymallinae, and Salmoninae (Table 
32) (Nelson, 1976).

Along with a precise homing ability, salmonids tend to form 
genetically isolated populations. They seem to be able to occupy 
new niches and habitats as these become available in the cold 
temperate parts of the Northern Hemisphere. One result of this 
adaptability is the existence of taxonomic problems mainly at 
the species-population levels (Utter, 1981).

D evelopment

Post-hatching development of salmonids has been little stud­
ied (Table 33), and only a superficial analysis of comparative 
developmental stages has been attempted (Soin, 1980). Thy- 
mallus and the salmonines share apparently advanced features 
of development such as large yolk sac with an extensive vitelline 
circulatory system and development of rather uniform intense 
pigment, w'hile coregonines develop larvae that are more typical 
of other freshwater fishes (Faber, 1970). Thymallus seems inter­
mediate between the coregonines with a “normal” larval stage 
and the salmonines in which the larval stage is largely bypassed 
(the young have fully formed fins by the time the yolk is ab­
sorbed). Parr marks (vertical blotches or bars of pigment over 
the trunk of juveniles) are present in all salmonids except Cor- 
egonus and Stenodusbul are not seen in juveniles of other fishes. 
Norden (1961) incorrectly considered the early stages of Core- 
gonus artedii as figured by Fish (1932) to be similar to those of 
Thymallus arcticus. He also stated that “the development of
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T a b l e  32. C h a r a c t e r s  t h a t  v a r y  a m o n g  t h e  S a l m o n i d  S u b f a m i l i e s .

Subfamily

Character Coregoni nae Thymallinae Salmoninae

General
Genera Coregonus, Prosopium , S teno­

dus
T hym allus B rachym ystax, Hucho, Salvelinus, 

Salm o, Parasalm o, Oncorhynchu
Species 30 4 32
Habitat freshwater, few anadromous freshwater freshwater and anadromous
Egg size 1.8-3.7 mm 2.5 mm 3.7-6.8 mm
Diploid chromosome num- 64-82 102 52-92

bers
Dorsal fin rays 10-15 17-25 8-12

Dentition'
Tooth character narrow, sharp, 2-3 sections uniform in size vary in size
Maxillary toothless toothed toothed
Dentary minute teeth restricted to ante­ narrow, teeth of uniform size numerous teeth of varying size all

rior end all along bone along bone
Vomer small and toothless (except in 

Stenodus  and some Corego- 
nus)

small, with teeth long, with teeth

Premaxillary small large large
Caudal skeleton2

Epurals 3 3 2-34
Stegural little developed little developed well developed
Neural and hemal spine ex- little moderate large

pansion
Urodermal present absent absent
Neural spine on PU, absent absent present
Neural spine on PU2 not fully developed not fully developed fully developed4

Cranial osteology^
Orbitosphenoid present absent present
Suprapreopercular absent absent present
Parietals meet at midline yes yes no
Hypethmoid present absent usually absent
Basisphenoid usually absent present present
Uppermost orbital5 present present absent

' Vladykov (1970).
2 Calender (1970).
•’ Norden (1961).
4 Some variation within Salmoninae in these two characters. Those with 2 epurals usually have most extensive neural spine development.
5 Sometimes erroneously termed dermosphenotic; sometim es present in Salmoninae; see Behnke (1968. p. 9-10).

the young grayling has much in common with that of both the 
coregonines and salmonines” (Norden, 1961:743).

Among the coregonines, larvae of Prosopium (Faber, 1970; 
Auer, 1982), Leucichthys(Fish, 1932; Faber, 1970; Auer, 1982), 
and Coregonus (Fish, 1932; Faber, 1970; Auer, 1982) have been 
illustrated and briefly described» All show similar larval mor­
phology (Fig. 75). They are rather slender with a long preanal 
finfold--the yolk being confined to the anterior trunk region. 
The yolk-sac length is <35% total length (TL), eye diameter is 
<7% TL, and body depth at anus is usually <10% TL (Auer, 
1982). The yolk is exhausted before any of the fins, except the 
caudal, possess full complements of rays. Prosopium eggs have 
multiple oil globules, while Leucichthys and Coregonus eggs 
have a single oil globule (Auer, 1982). Pigment in preflexion 
and flexion larvae is mainly associated with the dorsal and ven­
tral midlines. Later, the body becomes more uniformly pig­
mented. Prosopium develops parr marks during the juvenile 
period. Larvae of Stenodus are undescribed and they may differ 
from those described above, since adults of this genus appear 
quite divergent from the others in this subfamily.

Early development of Thymallus thymallus has been fully 
described (Penaz, 1975). They hatch with a large, anteriorly 
placed yolk sac that is covered by a rather extensive vitelline 
circulatory system, and the preanal and postanal finfolds are 
about equal in length (Fig. 75). The yolk sac is exhausted during 
notochord flexion and by that time some fin rays have developed 
in all of the fins. The larvae are rather heavily pigmented during 
this period. When the fins have developed their adult comple­
ment of rays, the fish appear like juveniles and parr marks begin 
to form.

Early development of all the salmonine genera and most sub­
genera is known, although several are inadequately described 
(Table 33). Described development of all salmonines is quite 
similar (Figs. 76, 77). Their eggs are among the largest of all 
teleosts. They all hatch with large yolk sacs and well developed 
vitelline circulatory systems. The preanal finfold is shorter than 
the postanal finfold (except in Hucho where they are about 
equal). The preanal finfold extends somewhat down the poste­
rior of the yolk sac in Oncorhynchus. The notochord is slightly 
flexed and some caudal rays are present. Yolk-sac length is
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T a b l e  33. M e r i s t i c  V a l u e s  a n d  R e f e r e n c e s  t o  D e s c r i p t i o n s  o f  L a r v a e  o f  S a l m o n i d s . Total reported ranges of meristic values are given,
although the extremes of the ranges may be rarely observed.

Ranges o f  meristic values

Subfamily References with Pec- Total Lateral Branchi-
PrimaryGenus illustrations o f  flexion V ene- Dorsal Anal : toral Pelvic gin line ostegal

Subgenus stage larvae brae* fir|ppf| fin2 fin fin rakers scales rays source

Coregoninae
Stenodus 64-69 12-19 15-18 16-17 11 19-24 90-110 9-12 Scott and Cross­

man (1973)
Prosopium Faber (1970), Auer (1982) 50-65 10-15 10-14 13-18 9-12 11-44 50-108 6-10 Scott and Cross-

man (1973)
Coregonus

7-10 Scott and Cross-Leucichthys Fish (1932); Faber (1970), 50-67 8-15 9-16 13-18 8-13 21-64 58-110
Auer (1982) man (1973)

Coregonus Fish (1932), Faber (1970), 55-64 10-13 9-14 14-17 11-12 15-78 70-102 6-10 Scott and Cross-
Auer (1982) man (1973)

Thymallinae
Thym allus Penaz (1975) 58-62 17-25 11-15 14-16 10-11 16-33 81-103 7-9 Scott and Cross-

man (1973)
Salmoninae

B rachym ystax Smofyanov (1961) 58-62 12-15 11-14 15-18 9-10 20-30 120-150 10-13 Behnke (1968)
and original

H ucho
H ucho Balon (1956) 64-71 12-14 11-13 15-18 10 10-17 120-150 9-12 Behnke (1968)

and original
Parahucho 57-62 12-14 12-14 14-17 9 14-20 110-120 9-12 Behnke (1968)

and original
Salvelinus

Salveiinus Baton (1980) 57-71 10-12 8-10 14-16 9-11 11-51 105-152 10-15 Scott and Cross­
man (1973)

B aione Balon (1980), Auer (1982), 57-62 10-14 9-13 11-14 8-9 14-22 110-130 9-13 Scott and Cross­
Martinez (1983) man (1973)

Cristivom er Fish (1932), Balon (1980), 61-69 8-10 8-10 12-17 9-10 16-26 116-138 10-14 Scott and Cross­
Auer (1982) man (1973)

S a lm o
Sa lm o Auer (1982), Martinez 54-62 10-15 8-13 12-16 9-10 14-25 100-130 10-12 Behnke (1968)

(1983) and original
Sahnothym us 56-60 13-15 11-13 12-14 9-10 25-32 100-115 10-12 Behnke (1968)

and original
A cantholingua 52-59 11-13 10-12 11-13 9-10 18-22 95-110 9-11 Behnke (1968)

and original
Platysalm o 57-59 13 11 14 9 23-24 109-110 10-11 Behnke (1968)

and original
Parasalm o Auer (1982), Martinez 55-67 8-12 8-12 11-17 9-10 14-28 100-150 9-13 Scott and Cross-

(1983) man (1973)
x Oncorhynchus Auer (1982) 61-75 9-16 12-19 1 1 - 2 1 9-11 18-43 120-160 11-19 Scott and Cross­

man (1973)

Overall ranges 50-75 8-25 8-19 11-21 8-13 10-78 50-160 6-19
» Variations exist in the literature in how many o f last 3 upturned vertebrae are counted; som e authors omit the last 3 upturned vertebrae.
2 Includes rudiments where Specified. A variation o f  2 -3  rays may result from different m ethods o f  counting (whether unbranched or rudimentary' rays are included).

>35% TL, eye diameter >7% TL, and body depth at anus 
usually >10% TL (Auer, 1982). Pigmentation is uniformly heavy 
at hatching or later in the yolk-sac stage. The median fins de­
velop rays before the paired fins. By the time the yolk is absorbed 
the finrays have completed formation and the fish takes on a 
juvenile appearance. Thus, the yolk remains a source of nutri­
tion throughout the larval stage.

Relationships

Although salmonids are considered to be living representa­
tives of the basal stock from which euteleostean evolution pro­
ceeded, there is no clear consensus on their relationships to other 
fishes. Since there are differing opinions on the relationships

between the major teleostean lineages (i.e., the divisions of 
Greenwood et al.; 1966), it is difficult to select representatives 
of outgroups to compare with the salmonids. Recent studies 
(Rosen, 1974; Fink and Weitzman, 1982; Fink, this volume) 
have pointed out that the Protacanthopterygii and even the 
Salmoniformes are probably not monophyletic taxa. The sal­
monids along with the galaxioids, osmeroids, and argentinoids, 
may form a group (Salmonae) that is the primitive sister group 
of the neoteleostei. However, the relationships among these 
groups is not clear, and the salmonids may be closer to the 
neoteleostei than to these other groups with which they have 
frequently been aligned (Fink and Weitzman, 1982; Lauder and 
Liem, 1983; Fink, this volume). Some primitive teleost traits
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Fig. 75. Flexion stage larvae of: (A) Coregonus (L eu dch th ys) artedii (17.5 mm); (B) Coregonus ( C oregonus) clupeaform is (18.5 mm); (C) 
Thym allus thym allus (16.0 mm). A and B from Fish (1932), C from Penaz (1975).

T a b l e  34 C h a r a c t e r s  t h a t  v a r y  a m o n g  t h e  C o r e g o n i n e  G e n e r a  a n d  S u b g e n e r a  ( s g )  m a i n l y  f r o m  N o r d e n  (1961) a n d  C a v e n d e r

(1970).

C oregonus

Character C oregon u s  (sg) L eucich thys  (sg) P ro so p iu m S ten odu s

Species 8 1 7 1 1
AnadromousHabitat Some occasionally anad- 

romous
Several anadromous Freshwater

Basibranchial plate Absent Absent Present Absent
Parietal bones meet along Yes Yes Yes Nò: narrowly separated

midline
Postorbitals in contact with Yes Yes Yes No

preopercle
Parr marks Absent Absent Present in some Absent
Flaps between nostrils 2 2 1 2

Mouth size Small Moderately large Small Large
Teeth Weak or none Weak or none Weak or none Many, small
Mouth position Subterminal Superior or terminal Subterminal Terminal
Vomer Small, toothed in some Small, toothed in 

some
Small, toothless Large, toothed

First supraorbital Moderate Moderate Short Long
Supraethmoid Short Short Long Short
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Fig. 76. Flexion stage larvae of: (A) B rachym ystax  lenox  (17.2 mm); (B) H ucho  (H ucho) hucho (20.8 mm); (C) Salvelinus (S ah elin u s) alpinus 
(19.8 mm); (D) Salvelinus  ( C ristivom er) nam aycush  (approx. 20.4 mm). A from Smol’yanov (1961), B from Balon (1956), C and D from Balon
(1980).

Fig. 77. Flexion stage larvae of: (A) Salvelinus (B aióne) fon tin a lis  (14.0 mm); (B) Far as a lm o gairdneri (14.0 mm); (C) P arasalm o clarki (14.2 
mm); (D) S a lm o  tru tta  (14.0 mm); (E) O ncorhynchus tshaw ytscha  (25.0 mm). A-D from Martinez (1983), E original.
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vno teeth on 
shaft of vomer 
n =* 753

c 11 small neural spine on PU2 
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, «rtiriv *' bypass-larval stage
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100)

* N 739
► * N-752
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* N-752

♦ ♦C 27
» *N 752
• * N-752
* ♦ N-752
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Axillary pelvic process
Three upturned caudal vertebrae ( two ural centra)
Parr marks in juveniles 
Three post cieithra 
Mesopterygoid toothless
Last four hemal spines and parhypura! fit together ( peg and socket]
Adipose fin present
Oviducts incomplete or absent
Mesocoracoid present
Opisthotic present
Principal caudal rays = 19
Three epurals -(
Full neural spine on PU3
Two hypurals'(ventral) on U,, 4 hypurals (dorsal) on U 2 ,
1 long, 2 short uroneurals

726 blunt pointed ethmoid cartilage 
732 gap between palatine-vomer teeth 
753 no ascending premaxillary process 
753 postorbitals contact preopercular 
753 opisthotic touches prootic 
728 reduced dorsal fontanelles in adult*

11 well developed stegural 
11 expanded caudal neural and 

hemal spines 
y,i neural, spine on PU^

large neural spine on PU2 
-679 parietals separated by 

supraoccipital 
•739 small .scales |>  100 in

lateral lm‘e)* . ~ 
-679 suprapreopercular present 
-73i, curved preopercular 
736 dorsal rays < 1 6  
9 ' reduction or loss 

of hypeth’moid

B = Behnke.195S 
N = Norden 1961 
C = Cavender. 1970 
H *  Holcik,l982

(number refers to page 
in above references),

♦ Salmonidae (synapomorph for famil {̂)i.-' „,
* *  Salmonoidei, (synapomorph for suborder) ' 
* * *  Shared “primitive (plesiomorph ̂ character 

with other ''primitive" teleosts

Fig. 78. Hypothesis of relationships among extant salmonid genera. Groupings and branching points are based largely on a consensus of recent 
literature and are not the result of a strict cladistic analysis.

possessed by salmonids include lack of oviducts, presence of 
abdominal pores, and three upturned caudal vertebrae sup­
porting the hypurals. Salmonids are autapomorphic with about 
twice the DNA content of other “salmoniform*, families, ap­
parently the result of having a common tetraploid ancestor. The 
salmonids possess an adipose fin, a mesocoracoid, pyloric caeca, 
and the vestige of a spiral valve intestine. The gill membranes 
extend far forward free from the isthmus and there is a pelvic 
axillary process. Two shared derived features of the salmonids 
and neoteleostei arei 1) the articulation of both the basioccipital 
and exoccipital with the first vertebra, and 2) the presence of a 
medial cartilage between the ethmoid and premaxilla (Fink and 
Weitzman, 1982).

Although it is not possible at present to perform a meaningful 
cladistic analysis of the salmonids, some evidence is available 
in the literature which can contribute to such an analysis (Fig. 
78). Cavender (1970) compared the osteology of leptolepids, 
extinct fish thought to represent the basal teleost condition, with 
that of the salmonids. He found several characters that indicated 
1) that the salmonids are monophyletic, and 2) how the three 
subfamilies of salmonids are interrelated. The coregonines ap­

peared to be most similar to the leptolepids, the thymallines 
more derived than the coregonines, and the salmonines more 
derived than the thymallines. Reshetnikov (1975), on the basis 
of several types of characters, suggested elevating the subfamilies 
to familial status.

Coregoninae contains about 30 species in three genera. They 
are mainly freshwater, and produce rather small eggs, compared 
to those of the other two subfamilies. They share several ad­
vanced characters with the other subfamilies, indicating that 
salmonids are monophyletic, but lack a number of advanced 
character states possessed by the other two subfamilies, as these 
branched off after the coregonines. Within the coregonines, Pro- 
sopium seems least diverged (Table 34). Stenodus shows several, 
possibly secondarily derived character states concordant with 
feeding on large active prey (expanded dentition, large mouth). 
Coregonus, which seems to be a sister group to Stenodus, is 
separated into two subgenera: Leucichthys with adaptations for 
plankton feeding, arid Coregonus which are mainly benthic feed­
ers.

Thymallinae contains one genus, Thymallus, with about four 
species in freshwater of the colder parts of the Northern Hemi-
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T a b l e  35. Characters that vary among the Salmonine Genera.

Characters B ra ch ym ysta x H ucho S a lvelin u s S a lm o 1 P a ra sa lm o 1 O n corh yn ch u s1

Subgenera Hucho, Para- Salvelinus, S alm o, S a lm o -
hucho Baione, C risti- thymuSi Acan-

vom er tholingua,
P la lysa lm o

Species 2 3 - 5 8 8 5 6

Habitat freshwater freshwater and freshwater and freshwater and freshwater and usually anadro­
anadromous anadromous anadromous anadromous mous

Mouth size small large large large large large
Teeth on shaft of no no no yes yes ", yes

vomer
Palatine-vomer­ U-shaped band U-shaped band teeth narrowly teeth narrowly teeth narrowly teeth widely sepa­

ine teeth separated separated separated rated
Postorbitals con­ no no no no no yes

tact preopercle 
Supraethmoid long, with nu­ broad, with nu­ long, with nu­ notched poste­ notched poste­ deeply notched

shape merous poste­ merous short merous poste­ riorly riorly posteriorly
rior projec­ posterior pro­ rior projec­
tions jections tions

Ascending pre­ intermediate intermediate extended and intermediate intermediate none
maxillary pro­ sized sized well developed sized sized
cess

Opisthotic touch­ no no no no no yes
es prootic 

Dorsal fonta­ persistent persistent persistent persistent persistent reduced in adult2
nelles 

Egg size 4-5 mm large 4-5 mm 5-7 mm large large
Diploid chromo­ 92 84 78-84 56, 80-823 56-70 52-74

somes
Dark spots-Iight yes yes no yes4 yes yes

background
' There is lack o f  agreement on the relationships between these taxa; e.g., some consider P a ra sa lm o  a subgenus in S a lm o , while others would also consider O n corhynchu s  a subgenus o f  S a lm o .
2 Retained in O. m asou .-
3 S a lm o  sa la r  h a i  56-60  diploid chromosomes.
4 S a lm o  m a r m o ra l us and S. p la iyceph a lu s  have no dark spots.

sphere. They have several character states that seem advanced 
over those seen in coregonines. They are moderate-sized, gen4 
eralized insectivores (Table 32).

Salmoninae contains four to six genera, depending on opin­
ions over the relationships among the species in Salmo, Par­
asalmo, and Oncorhynchus (Table 35). These seem to be the 
most advanced of the salmonids, and share several character 
states that are derived compared to the other two subfamilies 
(Table 35). Holcik (1982) presented evidence which suggests 
that the genera Hucho, Brachymystax, and Salvelinus form one 
lineage; Parasalmo and Salmo another; and Oncorhynchus a 
third. Salmonines are mainly active predators and most tend 
toward an anadromous life history.

Early life history and developmental information should con­
tribute to the rigorous analysis of characters that will be required

to validate the foregoing hypotheses about relationships. Such 
information is not presently available in the literature, but should 
be readily obtainable, since so many of these fishes are routinely 
reared in laboratories and hatcheries. Developmental infor­
mation seems particularly promising in this family, since a wide 
range of the life history patterns are present and larvae can be 
superficially grouped according to their representative subfam­
ilies.

(A.W.K.) N orthwest and Alaska F isheries Center, 2725 
Montlake Blvd. E., Seattle, Washington" 98112 and 
(R.J.B.) D epartment of F ishery and W ildlife Biology, 
Colorado State University, Fort Collins, Colorado 
80523.
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SISTER CHROMATID DIFFERENTIATION 

(SCD), SISTER CHROMATID EXCHANGES 

(SCE) AND DOTTED CHROMOSOMES (DC) IN 

RICE-FIEID EEESlMONOPT ERU S  

A LB U S  ZUIEW)

Liu Lingyun

" Abstract

# SCD and SCE in cultured lymphocytes of M. were demonstrated
by modified FPG and B-G techniques. Dotted chromosomes were observed. 
The SCE frequency of 339 metaphases in 8 fishes was calculated and statis­
tic analysis showed that the Spontaneous frequency of SCE is very low,
0.326±0.133/m etaphase. Comparing with SCE frequency of human and Chi­
nese hamster, the SCE spontaneous frequency in rice-field eels is low. More­
over, as the chromosome number is fewer, the chromosome dimension larger 
and all of them are terminal centric chromosomes, the author feels that 
SCE analysis in M. albus may be as a tool to assay the mutagens, es­
pecially to study potentially dangerous water-born chemicals.
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Impacts of Grazing on Wetlands 
and Riparian Habitat
William S. Platts and Robert F. Raleigh

ABSTRACT
This a r t ic le  d iscu sse s  a paper presented by Jon Skovlin at the  

workshop on ’’The Impacts o f  Grazing In te n s ity  and S p ec ia lized  Graz­
ing System s,” held in  El Paso, Texas, in  March 1981. Further, i t  
expands on the fun ction  and value o f  rip ar ian -system s, on grazing  
systems and th e ir  e f f e c t s ,  and on management a lte r n a tiv e s  a v a ila b le .

INTRODUCTION

Management o f  l iv e s to c k  grazing on p u b lic  lands i s  an issu e  o f  
major concern to the u sers o f  th ese lands. We commend the U.S. 
Department o f  the In ter io r  (USDI), Bureau o f  Land Management CBLM), 
and the N ational Science Foundation 'for convening th is  workshop to  
examine the is su e  and continue the e f fo r t s  toward b e tte r  grazing  
management. Likewise, we commend Jon Skovlin  for  the e x c e lle n t  
job he did on h is  s ta te -o f - th e -a r t  paper on the ’’Impacts o f Grazing 
on Wetlands and Riparian H a b ita t,” that we have been assigned  to  
d iscu ss . We b e lie v e  that S kov lin ’ s report i s  the b est and most 
comprehensive review compiled to date. Our d iscu ssio n  w ill  be based 
on the fo llow in g  o b je c tiv es :

(a) To d iscu ss the values and economics that w il l  in flu en ce  
the future o f  riparian  h a b ita ts;

(b) To review the lit e r a tu r e  for d e f in it io n s  and d escr ip tio n s  
o f wetlands and rip arian  h ab ita ts;

William S. P la t ts  i s  Research Fishery B io lo g is t ,  Intermountain 
Forest and Range Experiment S ta tio n , Forest S erv ice , U.S. Depart­
ment of A gricu ltu re , B o ise , Idaho 83702.
Robert F. Raleigh i s  Fishery B io lo g is t ,  U.S. Fish and W ild life  
S ervice , Habitat Evaluation Procedures Group, 2625 Redwing Road, 
Fort C o llin s , Colorado 80526.
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(c). To report on grazing study r e su lts  that have been con­
ducted w ithin  wetland and rip arian  environments and;

■(d) To present management options a v a ila b le  as a r e su lt  of 
th is  knowledge.

Skovlin has adequately addressed o b je c tiv e s  (a) and (b) at 
our present le v e l o f  knowledge. Our d iscu ssio n  w ill  cover a l | | f  
o b je c t iv e s , but w il l  focus prim arily  on expanding h is  treatment of 
o b je c tiv es  (cj and (d) .

There i s  a great deal o f  concern over the e f f e c t s  o f  grazing  
on rip arian  h a b ita ts , as i s  evidenced by the abundance o f  stu d ies  
the author has reported. He has reserva tion s concerning the 
q u a lity  o f  some stu d ies  he reviewed because he f e l t  that they were 
poorly designed and r e s u lts  were lo o se ly  documented. Riparian- 
f is h e r ie s  management stu d ie s  and some grazing re la ted  stu d ies  tend 
to  be d e f ic ie n t  in  one or more o f  the fo llow in g  components:

(a) Adequate experim ental design  with comparative b efore-  
th e -fa c t  or con tro l data;

(b) A frequency and p rec is io n  o f  measurement that i s  s u f ­
f ic i e n t  to  s t a t i s t i c a l l y  support the con clu sion s; and

(c) Adequate d e f in it io n  o f grazing in te n s ity ,  seasons, 
u t i l iz a t io n ,  and animal d is tr ib u t io n s .

We a lso  share th is  concern and, as a r e s u lt ,  our review i s  compre- 
h en sive, but con serva tive . H opefully, we report study r e s u lts  in  
a co n stru ctiv e  manner that w il l  b en e fit  S c o v lin ’s w ell done review.

FUNCTION AND VALUE OF RIPARIAN-STREAM SYSTEMS

About 48% o f the to ta l  land area o f  the 11 western S ta tes  i s  
under p ub lic  ownership and management, and 80% o f  th is  land (288 
m illio n  acres [116.6 m illio n  ha]) i s  being grazed by domestic 
liv e s to c k . These same p u b lic  lands contain  about 250,000 m iles  
(402,250 ha) o f  streams and over 5 m illio n  surface acres C2.0 
m illio n  ha) o f  lakes and r e se r v o ir s . The BLM alone manages 
778,000 acres (314,857 ha) o f  rip arian  h ab ita t and 330,000 acres  
(113,551 ha) o f  wetland h ab ita t in  the lower 11 western S ta te s .

Though riparian  areas c o n s t itu te  only a fr a c tio n  o f the to ta l  
land area, they are more productive in  terms o f  both p lant and 
animal sp ec ies  d iv e r s ity  and biomass per u n it area than the more 
arid  remainder o f  the land base. The economic importance o f  the 
riparian  zone to liv e s to c k  production is  gen era lly  w ell recognized. 
The fa c t  that riparian  h ab ita ts  are a lso  a key component in the 
maintenance o f  h ealthy populations o f f is h  and w ild l i f e  has not 
been adequately recognized by land managers. A major portion  o f  
our se lf - s u s ta in in g  populations o f  western f is h e s ,  song b ird s, big 
game, upland game, and waterfowl i s  d ir e c t ly  dependent upon the 
proper management o f  th ese r ip ar ian /aq u atic  ecosystem s. Of 363 
t e r r e s tr ia l  w i ld l i f e  sp ec ies  known to occur in  the Great Basin of
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southeastern Oregon, 288 are e ith e r  d ir e c t ly  dependent on riparian  
zones or use them more than other h a b ita ts  (Thomas e t  a l .  1979).

One o f the major b en e fits  o f  a high q u a lity , productive  
stream is  i t s  a b i l i t y  to  produce and maintain v ia b le  stocks o f  
f is h e s .  Over 60 m illio n  people in  the United S ta tes  engage in  
some form o f freshwater sp ort, commercial or personal use ( e .g . ,  
Indian) f ish ery  each year. F ishing a c t iv i t i e s  and a l l ie d  b u sin esses , 
such as b oats, motors, f ish in g  ta c k le , and tourism assoc ia ted  with 
f ish in g , support a m u ltim illion  d o lla r  complex o f b u sin esses and 
in d u str ie s  in  each western S ta te . Annual sport f ish in g  lic e n se  
sa le s  alone bring $5 m illio n  year ly  to the S ta te  o f Colorado, and 
about $175 m illio n  to the n ation . I t  i s  good business to m aintain  
c lea n , productive stream s, and proper management o f the riparian  
zone i s  a major key.

A recent economic evaluation  o f  the producing h ab itat o f  the 
Chinook salmon (Oncorhynchus tshawytscha [Walbaum]) on the C h a llis  
Planning Unit (375,380 acres [151,916 ha]) in  Idaho y ie ld ed  an 
estim ated annual net revenue o f  $77,100 from chinook salmon alone 
(USDI-BLM 1976). Steelhead trou t (Salmo gairdneri Richardson) 
stock  present i s  eq ually  va lu ab le , and the same streams support 
resid en t stock s o f trou t with an unreported sport f ish e r y  va lu e. 
Sim ilar fig u r es  can be compiled for  th is  u n it on the economic 
value o f  riparian  areas for other w i ld l i f e  sp e c ie s . Thus, a small 
u n it o f  land can have large w i ld l if e - f is h e r y  va lu es because o f the 
products being generated in  the riparian-stream  system s.

GRAZING SYSTEMS AND EFFECTS

Skovlin cen ters h is  a tte n tio n  on the mountain meadow ecosystem , 
o f which there are over 4 m illio n  acres (1 . 6  m illio n  ha) in  the 11 
western S ta te s . We w ill  expand the scope to include some s p e c if ic  
r e s u lts  on the various r ip a r ia n / stream ecosystem s located  over 
the e n tir e  288 m illio n  grazing acres (116.6 m illio n  ha) adm inistered  
by Federal agen cies.

S covlin  found abundant inform ation on the e f f e c t s  o f grazing  
systems and in te n s i t ie s  on p lant communities, liv e s to c k  production, 
and watershed response (not in clu d ing  stream s), but l i t t l e  on 
rip arian  h ab ita t response. To d ate , we have found there are few 
reported stu d ies  that id e n tify  how any present c a t t le  grazing  
stra teg y  w ill  adequately re sto re  rip arian  h ab ita ts in a reasonably  
acceptable time frame.

The author id e n t i f ie s  d ir e c t  e f f e c t s  o f liv e s to c k  grazing as:

(a) Higher stream temperatures from lack o f s u f f ic ie n t  woody 
stream side cover;

(b) E xcessive s i l t  (sedim ent) in  the channel from bank and 
upland erosion;

(c) High coliform  b acter ia  counts from upper watershed 
sources, which the author s ta te s  may not have c r i t ic a l  
e f f e c t s  on f ish ;
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(d) Channel widening from hoof-caused bank sloughing and 
la te r  erosion  by water;

(e) Change in  the stru ctu re o f  the water column and the 
channel i t  flows in;

(f)  Change, redu ction , or e lim in ation  o f  vegeta tion ;

(g) Actual e lim in ation  o f  r ip arian  areas by channel degradation  
and lowering o f the water tab le ; and

(h) Gradual stream channel trenching or braiding depending 
on s o i l s  and su b strate com position with concurrent 
replacement o f  rip arian  veg eta tio n  with more zer ic  p lant 
sp e c ie s .

Skovlin s ta te s  that v e g e ta tiv e  con d ition s and response to  
grazing on meadows o f  the high p la in s  and arid areas o f  the Basin 
and Range Province o f  the Intermountain West and Southwest should 
not be d iffe r e n t  from the response o f  a mountain meadow ecosystem .
We d isagree because land typ es, v eg e ta tio n  typ es, amount o f r a in f a l l ,  
s o i l  co n d itio n s, and length  o f  growing season vary g re a tly  among 
these areas. Recognition o f  these d iffe r e n c e s  i s  a key fa cto r  in  
developing acceptable grazing management p la n s. Behnke and Raleigh  
(1979) l i s t e d  three general dominant c la s se s  o f r ip arian  habitats*-- 
fo re ste d , w illow -shrub, and h erb aceous--th at should be id e n t if ie d  
and managed in  accordance with th e ir  d iffe r e n t  degrees o f  r e s is ta n c e  
to  and recovery from overgrazing by liv e s to c k . Riparian areas 
need to  be considered as separate h ab ita t types from upland range 
areas in  liv e s to c k  grazing management plans (Behnke and Raleigh  
1979, and P la tts  1979).

We have found a b asic  d iffer en ce  in the approach o f  range, 
w ild l i f e ,  and f ish e r y  s c ie n t i s t s  when evalu atin g  liv e s to c k  grazing. 
Range s c ie n t i s t s  tend to base th e ir  con clusions on the r e s u lts  o f  
grazing management action s on veg eta tio n  recovery or meat production. 
W ild life  s c ie n t i s t s  base th e ir  con clusions on w i ld l i f e  population  
s iz e  and the amount and con d ition  o f v eg e ta tio n  use by w i ld l i f e ,  
e s p e c ia l ly  on w inter ranges. F ish er ies  s c ie n t i s t s  study the 
quantity  and kinds o f f is h e s  present and the a b i l i t y  o f the aquatic  
ecosystem  to meet th e ir  h ab ita t requirem ents.

I t  i s  no small wonder that managers have d i f f i c u l t y  in  agreeing  
on what c o n s t itu te s  su ccessfu l and b est a v a ila b le  management 
p ra c tic es  because the d is c ip lin e  stu d ies  are not in teg ra ted .
Managers are basing our management d ec is io n s  on d iffe r e n t  s e t s  o f  
c r it e r ia .  We did not find  a s in g le  published comprehensive, 
in te r d isc ip lin a r y  grazing study in  our review. There i s  a com­
p e llin g  need for such stu d ies  to id e n tify  common goals and e s ta b lish  
acceptable approaches to problem so lv in g  that w il l  incorporate the 
concerns o f  a l l  u sers, in clu d ing  ranchers, fisherm en, hunters, 
e c o lo g is t s ,  and r e c r e a t io n is t s .

Skovlin searched the lit e r a tu r e  for inform ation on the e f f e c t s  
o f grazing on rip arian  h a b ita ts  to  reach an understanding o f  the 
adverse e f f e c t s  o f  grazing and b e n e f ic ia l e f f e c t s  o f grazing
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management. This approach i s  commendable. The lite r a tu r e  is  
overbalanced w ith  stu d ies  on the e f f e c t s  o f  overgrazing, but is  
almost devoid o f  those management p ra c tic e s  that are capable o f  
m itiga tin g  or r e h a b ilita t in g  these e f f e c t s .

The lite r a tu r e  reviewed by Skovlin contends that today's  
range i s  much improved over con d ition s in  the ear ly  1900's. Busby 
(1978) s ta te s  that range con d ition s today are far b e tte r  than the 
denuded, d eter iora ted  rangelands that e x is te d  in  the ea r ly  1900's. 
We agree, but must p oin t out that observations and stu d ies  leading  
to  th is  in te rp re ta tio n  are based mainly on v eg e ta tio n  responses on 
upland s i t e s  and u su a lly  do not take in to  account the con d ition  o f  
the riparian /stream  h a b ita t . P la t ts  (in  p ress [a]) b e lie v e s  the 
upland t e r r e s tr ia l  range has recovered, but that riparian/stream  
areas have not improved measurably. A lso , the m ajority o f the 
l i t e r a tu r e  has centered on response in  c a tt le -g ra z ed  a llo tm en ts  
and very l i t t l e  research on response in  sheep-grazed a llo tm en ts.

Skovlin om itted grazing by sheep as an a lte r n a tiv e  to cor­
re ctin g  grazing problems but sheep grazing should be an op tion . 
Sheep have the p o te n tia l o f converting forage to  red meat without 
ex te n s iv e ly  a f fe c t in g  ce r ta in  r ip arian  h ab ita t c la s s e s ,  but they  
are no longer u t i l iz e d  on many a llo tm en ts. P la t ts  (in  p ress [bl) 
has demonstrated that on a high e lev a tio n  meadow a llo tm en t, sheep 
grazing under a herded r e s t -r o ta t io n  system i s  com patible with  
good management o f  the riparian /stream  system . In range management 
determ inations, the b est use o f  the allotm ent seldom con sid ers  
what animals are b est su ited  to  graze the r ip arian  areas i t  include  
We urge more con sid eration  o f th is  option  in  grazing management.

In planning for  timber h arvest, land i s  studied  for  i t s  
s u i t a b i l i t y  for logging and for the f e a s ib i l i t y  o f  the tra n s­
p orta tion  system necessary to move the lo g s . I f  an area o f  land 
i s  judged too unstable to  log , i t  i s  excluded from logg in g . I f  
ce r ta in  types o f  logging and road con stru ction  p ra c t ic e s  are 
necessary for  environmental p ro tec tio n , these are worked in to  the 
timber removal p lan. In range management p lanning, the f i r s t  
step , s im ila r  to the procedures used in timber h arvest, should be 
to  determine the s u i t a b i l i t y  o f  the h ab ita t types for grazing.
The second step  on those lands c la s s i f ie d  for  grazing should be to 
determine the c la s s  o f  liv e s to c k  b est su ited  for the area. The 
th ird  step  should be to determine the b est grazing s tra teg y  and, 
f in a l ly ,  the la s t  step  should be to apply the grazing in te n s ity  
that meets animal d is tr ib u tio n  p a ttern s. This planning sequence 
can be more su c c e ss fu lly  implemented as b e tte r  data banks become 
a v a ila b le .

The o v er a ll assessm ent o f  the l iv e s to c k -f is h e r y  in te ra c tio n  
stu d ies reviewed by Skovlin i s  that the heavy grazing or overgrazii 
e f fe c ts  are the ones most o ften  c i te d . Most h ab ita t comparisons 
were based on f is h  responses to heavy grazing versus f is h  response.« 
to h ab ita ts  excluded from any grazing. S tudies using moderate or 
l ig h t  stock ing r a te s , the preferred  ra tes  used by rangeland  
managers, were le s s  ev id en t. A lso, degraded areas were se lec te d  
for study, but grazing in t e n s i t i e s  or v eg e ta tio n  use were seldom 
reported.
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We proposed that there is  some va lid ity  in usine s tu d io  
■ B  to effects o f heavy grating. , e i  S l u t t s “
study s i t e s -  scattered through Idaho, Utah, and Nevada, where 
livestock grazing intensités have been set by ranee manaeers to 
meet land management H H  riparian areas are heavily grazed 
The riparian zones averaged 70% herbage u tiliza tion  with one 
allotment using almost 100% of the available h e Z g è  in îhe riparian
Un?p«°twbta n̂ thC Preferred gazin g  rates on the upland s ite s !
U le s s  the riparian  zone a lso  re ce iv e s  con sid eration  i t  w ill  
continue to  be the " s a c r if ic e  area" in  order to m e e ^ g r a z S  
anagement goals in  the remainder o f  the allotm ent

Skovlin goes on to say that findings in range'and w a tered  
management studies show that heavy levels of grazing during the
and l i fh teî e ! ê l î eofade H I  " T 8® envir°nmentI but that moderate 
range ? | R H H H I i  haveufew irreversible e ffects  on the 
in f l i  r i l r  1 ! th is  may not be ihe case for moderate grazing 
n a ll riparian types, however, because the quality rating applied 

to the range environment is  often in the eye of the beholder d 
Proper grazing management in riparian areas in the M H  I M  ♦.
■ I  h .,  „ ,v „  b. ,„  th;  ^ M  ■  “ “  , •  M »
H S B H H H B  B B S  « 1  intensity L

to vegetative conditions only, ,„d then
a n a ly s is  l  he k?y f °rage sPecies- Under th is  type of

the brushy rip arian  environment could go by the wayside 
w hile the range environment would s t i l l  be Si
•nd perhaps as in good or excel Jen.^ o Î d i u ™  “  p r o v i n g ,
<?earrho^Ilin uStatef that there has been no common goal for re-

different“  ÏLS s I

the^u nd  b , - „ a g L 1 r L i i « " ^ p î S ' p r Ô d r“ Üo“" ? ; r ” n “ o ï ê t i „ g

. i . . ” o S i ' î h “  H  H H  % » .  H  H i  '
H  mH H H H  ~
H B B I H  USed in t e n s i t i e s  w il l  not re sto re  riparian /stream

M i
— P la t ts ,  W.

rorest and Range Experiment S ta tio n , Ogden, Utah. 100  pp.
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Continuous grazing at reasonable in t e n s i t i e s  i s  not always 
bad. Deer and elk  herds graze uncontrolled  on our study' s i t e s ,  
but the use o f  riparian  v eg e ta tio n  i s  so low that the e f f e c t s  are 
in s ig n if ic a n t .  Continuous grazing with c a t t l e ,  however, i s  not a 
v ia b le  a lte r n a tiv e  for grazing in  most a llo tm en ts with riparian  
zones because c a t t le  p refer  such areas. Grazing systems w ill  not 
be su ccessfu l u n t il  the reason for  th e ir  design i s  known. The 
reason for fa ilu r e  o f  many systems i s  that th e ir  purpose did not 
correspond to  the m u ltip le  use concept o f  management.

Myers (1981) compared streambank erosion , con d ition  o f woody 
p la n ts , and animal droppings per hectare along 44 grazed stream side  
zones in  Montana. Comparisons were made among w illow -, b irc h -, 
dogwood-, and aspen-dominated riparian  h a b ita ts . The riparian  
con d ition s o f  the 44 grazed stream side zones were compared with  
the riparian  con d ition s o f  four ungrazed zones. Myers found that 
there was no co r re la tio n  between r ip arian  con d ition  and the type 
of grazing system used. The grazing in te n s ity  was an important 
factor  in  r e su lt in g  rip arian  con d ition , but not as Important as 
amount o f  vegeta tion  used during the hot season o f the year. I t  
was found that veg eta tio n  did not respond when d e fo lia te d  during 
th is  period .

Skovlin concludes that conventional management s tr a te g ie s  
ta ilo r e d  to ex ten siv e  range-grazing for liv e s to c k  production and 
forage maintenance do not seem to  achieve acceptable animal d i s t r i ­
bution in  the h igh ly  preferred  rip arian  zones. Therefore, range 
managers must search for sp e c ia liz e d  grazing systems that p ro tect  
c r i t i c a l  h ab ita t reaches or some o f these areas w il l  be lo s t - - a t  
le a s t  tem porarily --as a source o f  forage for liv e s to c k  and w ild l i f e .

Skovlin suggests that grazing can enhance environmental 
con d ition s for  ce r ta in  forms o f  w i ld l i f e .  We b e lie v e  that to  
s ta te  th at current liv e s to c k  grazing management s tr a te g ie s  can 
enhance any but the most sev ere ly  degraded salmonid f is h  h a b ita ts  
would be mainly con jectu re. When European man f i r s t  started  to  
inhabit the western United S ta te s , the r iv er s  and streams were 
teeming with game f is h .  No p resen tly  known grazing stra teg y , 
employing commonly used stock ing and forage u t i l iz a t io n  le v e ls ,  
w ill  re sto re  a degraded stream to th is  p o in t o f  environmental 
q u a lity  where liv e s to c k  grazing in te n s ity  i s  the lim it in g  fa c to r . 
F ish er ies  and w ild l i f e  in te r e s ts  w il l  have to accept something 
le s s  than optimal production in  most grazed riparian /stream  eco­
system s.

Skovlin a lso  s ta te s  that based on a v a ila b le  l i t e r a tu r e ,  other 
sp e c ia liz e d  systems o f  grazing that r e s t ,  d efer , or r o ta te  in  
seasonal or annual su ccession  would probably take 15 or more years 
for needed improvement in  the riparian  zone, u n less aggressive  
con sc ien tiou s d is tr ib u tio n  e f fo r t s  were made. We agree with the 
15 or more years, e s p e c ia l ly  with the "more.” Skovlin  seems to  
consider r ip arian  v eg e ta tio n  response as the key in d ica tor  o f  
r e h a b ilita t io n , but we must caution  that the impacts on the f ish ery  
environment go far beyond ju s t  the improvement o f  riparian  veg eta ­
t io n . A w ell-v eg eta ted  r ip arian  zone i s  one o f the keys to m aintain­
ing a healthy stream. But, once the stream is  damaged, recovery  
depends upon a number o f  ad d ition a l fa c to rs: channel and bank 
morphology, instream  cover, and water flow regimens being c h ie f
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among them. Therefore, for  s c ie n t i s t s ,  managers, and planners to  
p red ic t the time required , or the s tr a te g ie s  needed for r e h a b il i ta ­
t io n , the to ta l  ecosystem  needs to  be evaluated . Skovlin h in ts  at 
th is  problem when he s ta te s  that we have l i t t l e  or no inform ation  
for  p red ic tin g  the appearance o f  the su ccession a l stages in the 
rip arian  zone, or when id ea l or even accep table con d ition s might 
be reached with f u l l  p ro tec tio n  from grazing. This i s  e s p e c ia lly  
true i f  he i s  re ferr in g  to  to ta l  riparian /stream  r e h a b ilita t io n  
and not ju st  rev eg e ta tio n .

We s tr e ss  that rangeland streams in  the West are in  th e ir  
present con d ition  because many sm all, annual, degrading e f f e c t s  
were cum ulative over tim e, and a fte r  100  years they c o n s t itu te  
major changes in the f ish e r y . Today* s land managers not only must 
adm inister th e ir  grazing s tr a te g ie s  with f in e s s e  to meet today's  
needs, but they must a lso  correct the m istakes o f  the p ast.

Skovlin su ggests a f te r  studying 23 rep o rts , that once proper 
grazing has been e s ta b lish ed , f is h  biomass can double in  a m atter 
o f 3 to  5 years. The reader should be cautious about accepting  
th is  statem ent as fa c t;  Skovlin has acknowledged that some o f  
th ese  stu d ie s  are not experim entally  sound nor s t a t i s t i c a l l y  
r e l ia b le .  Some s tu d ie s , however, have shown rapid recovery o f  
stream h ab ita t se c t io n s  and f is h  populations a f te r  c a t t le  grazing  
was d iscontinued  (Raleigh and Duff in  p r e s s ) . We point out that  
other stu d ies  have shown much slower recovery for riparian/stream  
h ab ita t (P la tts  in  press [b ]) .

Based on our s tu d ie s , i t  appears that stream recovery from 
changes in  overgrazing o ften  i s  a slow reb u ild in g  p rocess. Only 
under sp ec ia l circum stances o f  low f is h  occurrence, e x c e lle n t  
streamflow regim ens, and rapid v eg e ta tio n  responses would you find  
a stream that would double i t s  f is h  population  in  3 to 5 years 
because o f  sudden improvements in  grazing management. When more 
data have been accumulated that w il l  allow  th is  type o f a n a ly s is  
for d iffe r e n t  c lim a tic  zones and riparian  c la s s e s ,  we p red ict that 
on many riparian /stream  ecosystem s i t  w il l  be s t a t i s t i c a l l y  im­
p o ss ib le  to determine s ig n if ic a n t  changes in  f is h  populations in  3 
to 5 .years. The r e h a b ilita t io n  o f  many o f our western streams 
w ill  be a slow p rocess.

Skovlin s ta te s  that the importance o f  bank s t a b i l i t y  to  
f is h e r ie s  h ab ita t cen ters on the reduction o f  s i l t . ;(?sediment) 
production. We agree, th is  i s  important. Of equal or more im­
portance, however, i s  the lo s s  o f  good channel and bank morphology 
r e su lt in g  from continued streambank in s t a b i l i t y .  Skovlin a lso  
s ta te s  that the retard ing e f f e c t  o f  long-term  browsing on riparian  
shrub regeneration  has a greater net e f f e c t  on bank s t a b i l i t y  and 
r e su lt in g  sediment than does bank cu ttin g  from the mechanical 
action  o f  hoof treadin g. The key term here i s  long-term ; we doubt 
that many stu d ies  are s u f f ic ie n t ly  long-termed enough to t e s t  th is  
statem ent. Ongoing stu d ies  by P la tts  (1978) in d ica te  that the 
reverse may be tru e. The high percentage o f  western set-back  
streambanks with shrub-dominated riparian  veg eta tio n  a lso  a t t e s t s  
to  the fa c t  that hoof treading i s  an important fa c to r .

Skovlin s ta te s  th at grazing systems that postpone use o f  
rip arian  zones u n t il  la te  season, u n t il  re sto ra tio n  i s  accep tab le ,
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provide a good measure o f  p ro tec tion  without heavy expense. This 
assumes that la te  season grazing r e s u lts  in  c a t t le  leav ing  the 
riparian  areas for  the uplands. This reasoning should be c a r e fu lly  
in terp reted  as the c a t t le  may not leave.

On one o f  our current study s i t e s  in  a long g la c ia ted  U- 
shaped v a lle y  in Idaho, a la te  grazing system would help resto re  
riparian  q u a lity  because c a t t le  move to the uplands in  la te  summer 
and f a l l  when the cold  a ir  pocket forms over the bottomlands. At 
another study s i t e  15 m iles away in  a f l a t  broad v a lle y ,  however, 
c a t t le  are drawn to  the riparian  areas during la te  season because 
they contain  the only remaining succulent v eg e ta tio n . Seasonal 
grazing, proper in te n s ity ,  and c a t t le  d is tr ib u tio n  w ill  ach ieve  
improvements in  riparian/stream  h a b ita ts , but the system must be 
matched to the p h ysica l con d ition s o f  the grazing area.

MANAGEMENT ALTERNATIVES

Skovlin s ta te s  that land managers must know what courses o f  
action  (so lu tio n s)  are a v a ila b le  before a llo c a t in g  or p a r titio n in g  
riparian  zone resources in  rangeland s e t t in g s .  This has been true  
throughout the p ast century; and we point out that the reason for 
the past degradation o f  riparian  environments i s  because acceptable  
courses o f  actio n  were not sought or were not a v a ila b le  in  many 
cases and are s t i l l  not a v a ila b le . We look for research to provide 
these answers in  the next few years that w il l  allow  managers to  
g re a tly  improve range management.

Skovlin reports that the lit e r a tu r e  shows that sp e c ia liz e d  
grazing systems can bring back degraded riparian  h a b ita ts , but he 
does not id e n tify  what th ese  systems are. S p ecia lized  grazing  
systems under study today can upgrade riparian  h a b ita ts , but only  
i f  they are matched c lo s e ly  with required in te n s ity .  Skovlin  
b e lie v e s  that exc lu sion  o f  the rip arian  zone by corridor fencing  
provides optimum p ro tection  in  the sh o rtest p o ss ib le  tim e. He 
su ggests that perhaps 75% o f  the p o te n tia l b e n e f its  to  the aquatic 
h ab ita t occur in  the f i r s t  5 years. This may be true in  cer ta in  
se le c te d  h a b ita ts , but our r e h a b ilita t io n  stu d ies  do not support 
th ese  fin d in g s . Some improvements are occurring in the riparian  
v eg e ta tio n , but not in  the aquatic system. We would estim ate that 
we have received  le s s  than 15% o f  our p o te n tia l b e n e f its  at th is  
tim e. It took many years under improper grazing for most aquatic  
systems to  reach th e ir  present degraded s t a te ,  and i t  would be 
erroneous to p red ict immediate short-term  r e h a b ilita t io n  b en e fits  
based on today*s knowledge o f  riparian  r e h a b ili ta t io n .

Based on reports o f  b io lo g ic a l response, Skovlin  found the 
impacts o f  l ig h t  or moderate grazing to be h a lf  or le s s  that o f  
heavy grazing. Therefore, he p red ic ts  that i t  would take tw ice  
the recovery time for  response under heavy grazing as under lig h t  
or moderate grazing. To evaluate th is  con clu sion , one must consider  
the d iscu ssio n  we presented p rev iou sly  on proper grazing. The end 
point from impacts caused by moderate or heavy grazing in  cer ta in  
rip arian -aq u atic  h a b ita ts  can be the same. More research is  
needed to  f u l ly  respond to th is  con clusion .
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Skovlin l i s t s  10 op tion s for  land managers to consider in  
making th e ir  grazing management d e c is io n s . We f u l ly  agree with  
th ese  op tion s, but would l ik e  to add three more:

iiS -T he option  o f  c la s s ify in g  the land as to i t s  c a p a b ility  
for grazing;

2 . --The option  o f  determ ining the b est kind and c la s s  o f  
liv e s to c k  to graze the allotm ent or segments o f  the 
allotm ent; and

3 , 7 -The option  o f  decreasing u t i l iz a t io n  for short periods o f  
time i f  nothing e l s e  w il l  bring needed improvement.

We agree with the author1s con clu sion s that c r i t i c a l  stream  
reaches must be id e n t if ie d  and ta rg e t le v e ls  es ta b lish ed  for  
ach ieving acceptable h a b ita ts  over a s p e c if ic  period o f  tim e. 
Drawing from the lit e r a tu r e  (Interagency W ild life  Committee 1979), 
Skovlin suggests that some con d ition s for optimum f is h  h ab ita t  
are:

1. S ix ty  percent or more o f  the stream should be shaded 
between 10 a.m. and 4 p.m. during summer months.

Our comment: This may be true in  some h ab ita t types but 
i t  i s  an im p o ss ib ility  in  many o th ers. In our high  
e lev a tio n  meadows that su c c e s s fu lly  rear salmon and 
stee lh ead , th is  much shade may be u n d esirab le.

2. Eighty percent or more o f  the streambank should be in  
sta b le  con d ition .

Our comment: In some streams with tender banks, 20% 
o f the streambank in  an unstable con d ition  could cause 
the complete stream channel to unravel causing heavy 
sediment load s.

3. Not more than 15% o f  the stream bottom should be covered 
by inorganic sedim ent.

Our comment: Stream channels are composed o f  inorganic  
sedim ents. I f  th is  r e fers  to f in e  sediment then 15% < 
over salm on-steelhead trou t spawning areas i s  probably 
too high. F ifteen  percent f in e  sediment 0.03 inch 
(<0 . 8  mm) in  redds can cause almost complete m orta lity  
o f  the young.

The point we are making here i s  the s ta te -o f - th e -a r t  i s  not 
w ell developed enough for e s ta b lish in g  target le v e ls  except for  
broad general planning.
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TERRESTRIAL WILDLIFE

Skovlin s ta te s  that the impact o f  grazing on b irds is  v a r ia b le , 
depending on where a b ird sp ec ies  feeds or n e s ts , and when grazing  
takes p la ce . A few b irds such as the k illd e e r  (Charadrius 
vociferou s) may a c tu a lly  b en e fit  from grazing. Grazing probably 
b e n e fits  the k illd e e r  by crea tin g  open spaces devoid o f  v eg e ta tio n . 
Nest stru ctu res on open ground, unprotected from liv e s to c k  trampling 
may be more c r i t i c a l  in  su rv iva l,, however, than lo s s  o f  food 
supply or creation  o f  open space. Loss o f  v egeta tion  in the 
spring a lso  leads to higher predation on eggs and ground-nesting  
b ird s .

We agree with Skovlin  that cover removed by grazing may a lt e r  
feed ing and n estin g  h a b ita ts . I f  planned (grazing s t r a t e g ie s ) ,  
the d ir e c t  e f f e c t s  o f  grazing can be b e n e f ic ia l for b irds o f  prey 
and for ground fee d e rs . We agree that the breeding h ab ita t o f  
sage grouse (Centrocercus urophasianus Bonaparte) may be improved, 
but in  sage grouse management i t  must be remembered that good 
breeding h ab ita t i s  very lim ited ; s tr u tt in g  grounds are g en era lly  
tr a d it io n a l. Loss o f  cover in  the adjacent n estin g  areas makes 
th ese  s tr u tt in g  grounds in e f fe c t iv e .

Skovlin s ta te s  that o f  the common large herbivores which 
inhabit r ip arian  zones and a sso c ia ted  mountain meadows, elk  (Cervis 
canadensis) are perhaps b est known for th e ir  preference o f  these  
areas. Marcum (1975) has demonstrated that elk  show heavy p r e fe r ­
ence for summer range near permanent water so u rces . Some elk  
ca lve in rip arian  areas, th ere fo re , disturbance during these  
c r i t i c a l  periods can lead to elk  seeking marginal s i t e s ;  higher  
c a l f  m orta lity  r e s u lts .

Elk use our Idaho study s i t e s ,  which are a l l  on mountain 
meadows, prim arily  for ca lv in g  and for spring to  ear ly  summer 
feed in g . Most o f  th e ir  tim e, however, i s  spent around the meadow 
fr in g es  c lo se  to co n ifer  escape cover, and we have been unable to  
d etect s ig n if ic a n t  use in  the stream side areas. In many cases in  
Idaho, the w illow  cover along rip arian  areas becomes important as 
a w inter feed for elk  and moose (Alces americana) because snow 
depths preclude use o f  shorter v eg e ta tio n . P ossib ly  because o f  
the frozen banks and deep snow cover, however, e f f e c t s  on stream- 
banks appear to be in s ig n if ic a n t .

Skovlin s ta te s  that the e f f e c t s  o f  large w ild ungulate browsing 
in  riparian  zones i s  normally not great in  f a l l  and w in ter, but is  
heavy during spring and ear ly  summer before liv e s to c k  grazing 
b egin s. During th is  p eriod , w ild ungulate impacts can be s i g n i f i ­
cant in terms o f  shrub su rvival during the ensuing growing season. 
This leaves the reader with the idea that w ild  ungulates are 
g u ilty  o f  a major impact on shrub su rvival p rior to  use by l i v e ­
stock . The question  i s ,  are we ta lk in g  o f only liv e s to c k  ranges 
or w ild ungulate ranges? C ertain ly; there must be some prior  
r ig h ts  for w i ld l i f e .

Skovlin a ttr ib u te s  heavy, but unquantified , impacts from 
large w ild  ungulates to  compaction o f  saturated  or wet s o i l s  o f  
upland range during ear ly  spring m igrations in the P a c ific  Northwest. 
In Idaho (personal communication with Idaho Fish and Game Department
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and BLM big-game b io lo g i s t s ) , there i s  no known s ig n if ic a n t  compac­
t io n  o f  s o i l s  caused By m igratory elk  herds. In the f a l l  and 
e a r ly  w in ter, elk  do m igrate in  large numbers, but in the sp rin g , 
they u su a lly  move s in g ly  or in  sca ttered  groups o f  twos and th rees. 
The compaction problem may have be re la ted  to elk  herds moving 
in to  the National Parks from Wyoming and Montana. Id ah o ,.one o f  
the la r g est  elk-producing S ta te s , ev id en tly  does not consider  
compaction to be a s ig n if ic a n t  problem, however.

SUMMARY

Livestock grazing management on p ub lic lands i s  an is su e  o f  
major concern to the p u b lic . S k ov lin ’ s report id e n t i f ie s  th is  
concern, evaluates the management, and o ffe r s  some guidance for  
b ette r  range management. The author p o in ts  out that there i s  
abundant inform ation a v a ila b le  on the e f f e c t s  o f  liv e s to c k  grazing  
on p lant communities, liv e s to c k  production, and watershed response 
(not in clu d ing  stream s), but l i t t l e  on rip arian  h ab ita t response.
To d ate, there are few stu d ies  that t e l l  the reader how any present 
c a t t le  grazing stra teg y  w il l  adequately resto re  riparian-stream  
h ab ita ts in  a reasonable time frame.

We b e lie v e  the so lu tio n  i s  to  find  grazing s tr a te g ie s  that 
w ill p rotect and resto re  riparian-stream  h a b ita ts , but th is  aim is  
being blocked by the approach taken to problem so lv in g . Range 
co n se r v a tio n is ts , w i ld l i f e  s c i e n t i s t s ,  f is h e r ie s  s c ie n t i s t s ,  and 
watershed s c ie n t i s t s  look at problems and so lu tio n s  from th e ir  own 
b ias; so decisionm akers are not making management d ec is io n s  aimed 
at a common goa l. Even the term ’’proper grazing” has yet to be 
defined  in  an e c o lo g ic a l frame that can be used by a l l  d is c ip l in e s .

Thus, the contention  by some managers and s c ie n t i s t s  that 
range con d itions have improved d ram atically  s in ce  the ear ly  1900’s 
does not always meet with agreement. Because range s c ie n t i s t s  are 
looking at the uplands and f is h e r ie s  b io lo g is t s  are looking at 
riparian  areas, they,can  arr ive at two d iffe r e n t  answers to the 
same q uestion . For su cc essfu l range management, a l l  d is c ip lin e s  
should work together to id e n tify  the b est approaches to the four 
step s we ou tlin ed  for making range management d e c is io n s . Those 
step s are: ( 1 ) determine the s u i t a b i l i t y  o f  the h ab itat types for  
grazing; ( 2 ) determine the b est kind or c la s s  o f  animal to do the 
grazing; (3) construct the optimum grazing stra tegy ; and (4 ) to  
apply the correct grazing in te n s ity  matched with the needed 
d is tr ib u t io n .

To make th is  sequence work, land managers must know what 
a lte r n a tiv e s  are a v a ila b le  before a llo c a t in g  or p a r t itio n in g  a 
rip arian  zone for resource u se . Correct sp e c ia liz e d  grazing  
systems can p rotect and enhance riparian  h a b ita ts , but th e se  have 
not been id e n t i f ie d . Id en tify in g  such grazing systems should be 
the major thrust o f  range researqh over the next decade. I t  took 
many years under improper grazing for most aquatic systems to 
reach th e ir  present s ta te .  I t  would be a mistake to think a l l  
streams are going to improve in  the near future under p resen tly  
used grazing s tr a te g ie s  and in t e n s i t i e s .  Needed are some major 
breakthroughs in both research and management understanding o f
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how riparian-stream  h a b ita ts  react to s tr e s s  and to the r e le a se  o f
s t r e s s .  We must know how tp minimize s tr e s s  before we can fu lly
p rotect and enhance our riparian-stream  h a b ita ts .
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' FISHERIES MANAGEMENT AND FISH
DEPENDENT BIRDS

Michael Dombeck, James Hammill, and William Bullen

ABSTRACT

Management of aquatic ecosystems can affect sensitive piscivores such as bald eagles, ospreys, and loons. Fisheries 
biologists must be aware of the needs of these species and should prepare multiple-use management plans jointly with 
wildlife biologists where these avian species occur. The needs of these birds should be included in fisheries management 
objectives, and human disturbances should be minimized. Proper fish population manipulation and habitat management can 
enhance the feeding opportunities of these and other fish-dependent birds.

Michael Dombeck James Hammill

Fisheries management can affect bald eagles (Haliaeetus 
leucocephalus), ospreys [Pandion haliaetus), common loons 
(Gavia immer), and other avian piscivores in both positive and 

negative ways. These species and others are, at least in part, 
dependent upon a fish diet for survival. Few agencies have 
guidelines for managing waters where these species occur. The 
Endangered Species Act of 1973 directs federal agencies to 
carry out programs for the conservation of endangered and 
threatened species. More than half of the states have adopted 
similar legislation. Other sensitive species also require special 
consideration. In addition, interdisciplinary land management 
planning is mandated by law or directed by policy on many 
federal and state lands.

THE AUTHORS: Michael Dombeck is a fisheries 
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biology. William Bullen is a district fisheries biologist 
for the Michigan Department of Natural Resources and 
is responsible for fisheries management in the central 
portion of Upper Peninsula. He received his B.S. in fish­
eries and wildlife from Michigan State University in 1965.

- As resource management plans are developed, conflicts often 
arise in the determination of management schemes for waters 
utilized by eagles, ospreys, and loons. These conflicts result 
from differences in the specialized opinions of professional fish­
eries and wildlife biologists, as well as differences in public 
values. The resolution of these conflicts requires the highest 
level of professional cooperation between fisheries and wildlife 
biologists. The end result must be a management program 
which is responsive to the law, to the needs of the public, and 
to the professional expertise in both fish and wildlife disciplines. 
Continued controversy and litigation will be the price of our 
failure to resolve these conflicts.

This paper is not intended to be a comprehensive treatise 
of the topic, but rather a “springboard” for thought for miand 
fisheries biologists. Suggested guidelines are based on the lit­
erature, consensus of expert opinion, fragments of data, and 
various guidelines in agency files.

The objectives of this paper are: (1) to urge fisheries managers 
to avoid the single discipline approach to aquatic resource 
management when fish-dependent birds are present; and (2) 
to suggest guidelines for aquatic management objectives and 
activities when piscivorous birds are present.

Bald eagle management guidelines usually state that waters 
utilized by eagles should be managed to sustain them. Guide!.nes 
for the management of waters for ospreys and loons are gen­
erally similar. These species are highly visible indicators of 
wilderness and relatively pristine landscapes. They are also 
resources highly valued by the public. Thus, the fisheries man­
ager is responsible for the management of waters to provide 
food, nesting habitat, and seclusion for these fish-dependent 
birds, yet little if any specific information is provided to the 
fisheries manager concerning the needs of the birds. Direction 
regarding fisheries management schemes that benefit piscivo­
rous birds is sparse.

FISHES UTILIZED BY EAGLES, 
OSPREYS, AND LOONS

The bald eagle is basically a carrion feeder on freshly dead 
or dying fishes or terrestrial animals. Several studies document 
that inland bald eagle populations rely heavily on fishes. In 
Maine, Todd et al. (1982) found that fish comprised 77% of 
food debris accumulated at eagle nests. They found that browr. 
bullheads (Ictalurus nebulosus), white suckers (Catostomus
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Diel migrations of a zooplanktivorous fish ( ) in
relation to the distribution of its prey in a large eutrophic lake1

Wayne Wurtsbaugh2and Hiram LP ;
Department of Wildlife and Fisheries, University of California, Davis 95616 

Abstract
Diel changes in the distribution of the tidewater silverside (Menidia beryllina) and its prey were 

measured in Clear Lake, California, a large, shallow, eutrophic lake. Zooplankton prey densities 
were low in the littoral zone, but increased rapidly to near peak abundances 50-200 m from shore. 
Gill netting, trawling, and visual observations showed that tidewater silversides migrated both 
horizontally and vertically to feed in areas of high zooplankton abundance. At night the fish 
concentrated near shore and did not feed. At dawn (8 x 108-2 B  1010 photons cmHnm-1 s-1) the 
fish migrated lakeward at least 50-1,000 m, and littoral abundance decreased from more than 100 
m-2 to only 0.1 m-2. The migration preceded the initiation of feeding by 30-60 min. After feeding 
2-4 h, the fish returned to the littoral zone and swam rapidly (6-11 body lengths s_1) parallel to 
shore in narrow, continuous schools until resting aggregations formed. The fish returned to shore 
before they were satiated, perhaps to balance predation losses in offshore areas against foraging 
gains. A second period of offshore activity and feeding occurred in the afternoon and evening.

A

The behaviors of predators and prey that 
affect spatial-temporal overlap are impor­
tant in regulating predation in aquatic sys­
tems (Stein 1979; Mittelbach 1981). The 
overlap in distribution that makes preda­
tion possible may be dynamic: seasonal and 
diel changes in distribution can be impor­
tant regulators of predation. For example, 
diel changes in the spatial-temporal distri­
butions and predation of fish are important 
in structuring marine reef fish communities 
(Hobson 1972). Similarly, the diel vertical 
migrations of zooplankton are an important 
behavioral mechanism regulating fish pre­
dation on plankton (Begg 1976; Zaret and 
Suffem 1976; Wright et al. 1980).

Horizontal distribution patterns of fish 
and zooplankton also affect predation pro­
cesses. Fish are not evenly distributed hor­
izontally in lakes, but the distribution pat­
terns of only a few species are known (Hall 
and Werner 1977; Keast 1978), particularly 
with respect to diel changes (Emery 1973;

1 This work was financially supported by the Na­
tional Science Foundation (DEB 74-23702), a Uni­
versity of California Jasto Shields Scholarship, and the 
Lake County Mosquito Abatement District.

2 Present address: Department of Fisheries and 
Wildlife (UMC 52), Utah State University, Logan 
84322.

3 Present address: Oregon Cooperative Fishery Re­
search Unit, Department of Fisheries and Wildlife, Or­
egon State University, Corvallis 97331.

Hall et al. 1979; Hanych et al. 1983). Sim­
ilarly, the horizontal distributions of zoo­
plankton are poorly understood; the distri­
butions can be patchy (Cassie 1961), some 
zooplankters avoid the littoral zone (Sie- 
beck 1980), and concentrations or voids of 
plankton can occur near the shores of lakes 
(George and Edwards 1976). There have 
been few attempts to determine the inter­
action between the movements of zoo­
planktivorous fish and their heterogeneous­
ly distributed prey.

Diel inshore-offshore migrations of fresh­
water fish have been recognized for many 
years (Cahn 1927; Hasler and Bardach 1949; 
Moyle 1973). These diel migrations may be 
important for behavioral thermoregulation 
(Caulton 1978), spawning (Middaugh et al. 
1981), predator avoidance (McFarland et al. 
1979; Hanych et al. 1983), and feeding 
(Baumann and Kitchell 1974; Hall et al. 
1979; Bohl 1980).

We studied the diel horizontal and ver­
tical migrations and behavior of a small ath- 
erinid fish, the tidewater silverside, Menidia 
beryllina, in Clear Lake, a large eutrophic 
lake in northern California. We describe here 
the timing of these migrations in relation to 
the distribution of the zooplankton prey and 
light intensity and discuss the hypotheses 
that the migration pattern is related to feed­
ing, behavioral thermoregulation, spawn­
ing, and predator avoidance.

565



566 Wurtsbaugh and Li

Fig. 1. Morphometry of Clear Lake, California, showing the principal study sites, including the transect line 
used for fish and zooplankton sampling at Pepperwood Beach.

We thank P. Moyle and A. Colwell for 
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and reviewing the manuscript. Others who 
assisted include: N. Anderson, R. Axler, D. 
Baltz, T. Coon, B. Daniels, L. Decker, J. 
Dentler, D. Griffy, S. Jacobs, L. L’Ai, M. 
Leclaire, J. Li, A. Linden, D. Longanecker, 
D. Loshbaugh, M. Morgan, N. Nealey, L. 
Tharldsen, S. Tjomehoj, and B. Vondracek. 
A. Home, D. Woodward, N. Anderson, R. 
Drenner, and D. Hall provided review com­
ments.

Materials and methods
Study area—Clear Lake is a large (170 

km2), shallow (mean depth 8.1 m), poly- 
mictic lake located in the coast range of 
northern California (39°N, 121°W) at an el­
evation of 404 m. This study was done in

the upper basin of the lake, which has an 
area of 127 km2 (Fig. 1). Mean water tem­
peratures range from 6°-8°C in winter to 
25°-27°C in summer and there is usually 
<3°C difference between surface and bot­
tom. The lake is productive, having fre­
quent, dense blooms of blue-green algae 
(Home and Goldman 1972). Algae and in­
organic turbidity limit light penetration, and 
Secchi disk depths normally vary from 0.2 
to 4.0 m (Jc= 1.2 m). The bottom of the 
upper basin is largely flocculent mud and 
the shoreline consists primarily of sand and 
gravel beaches or dense stands of rushes 
(Scirpus spp.). There is little submerged 
aquatic vegetation because light penetration 
is limited and because the lake level is reg­
ulated by a dam at the outflow and fluctu­
ates about 2 m annually.
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ABSTRACT

Rice flour and varying amounts (10-35%) o f dehoned minced carp were co­
extruded resulting in a precooked blend that developed no detectable off- 
odors after being stored at room temperature for up to six months. In  
addition, the extrudates, along with nonextruded rice flour| were made into 
pakodas, a fried Indian snack food Sensory triangle test data showed that 
up to 25% carp could be added before a statistical difference was noted 
Hedonic sensory data demonstrated that consumer acceptable products rel­
ative to pakodas appearance, aroma, flavor, texture and overall acceptabil­
ity can be made even at carp addition levels o f up to 35%.

INTRODUCTION

Fish represents a food of good nutritional quality but because of its 
extreme perishability, a large portion of the world fish catch is lost. There­
fore, fish preservation is an area of mcyor concern. A major advantage of 
thermal food extrusion is that a room temperature shelf stable precooked 
product can be produced.

From a nutritional standpoint, the practice of blending foods is en­
couraged. Examples include the blending of various cereals and legumes.

In many parts of the world, carp (Cyprinus carpio) is a highly desirable 
species, and in these same areas, rice is usually the major cereal crop. The 
protein content of rice is relatively low (6-9%) while that of carp is signifi­
cantly higher. To date, the authors are aware of only one investigation 
where fish has been coextruded (Murray et aL 1980). Defatted soy flour and 
minced Atlantic cod were successfully coextruded, but a Canadian taste 
panel found the resulting product to have an objectionable fishy flavor.

Therefor^, the primary objective of this study was to evaluate the influ­
ence of extruded carp and rice flour ratios on the consumer acceptability of 
a popular Indian rice flour-based snack food (pakodas).
Journal o f Food Processing and Preservation 9 (1985) 121-128. A ll R ights Reserved 121
• Copyright 1985 by Food A  N utrition Press, Inc, Westport, Connecticut
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MATERIALS AND METHODS

Ingredients
Commercial white rice flour was obtained (Comet Rice Mills, Inc., Hous­

ton, Texas).
Local lake carp averaging 3 kg each were netted and held live in fresh 

running water for 10 days to reduce muddy odor and taste. They were 
filleted, resulting in yields of25-30% based on whole fish weight. The flesh 
was mechanically ground through a 0.63 cm hole plate using a household 
meat grinder. The minced flesh was combined and frozen a t -36°C in 1 kg 
packages until used.

Proxim ate A nalysis
Moisture, fat and protein were determined for the rice flour and minced 

carp (AOAC). A protein conversion factor of 5.95 was used for rice and 6.25 
for fish. The same analyses were performed on the extrudates as well as for 
prepared pakodas with proportional protein conversion factors utilized.

Extrusion Form ulations
Based on initial rice flour and carp moisture contents, a series of samples 

containing from no carp (control) to 10,15 and 20% minced carp was made. 
The moisture content of the mixtures was adjusted to a total of 25% since 
preliminary extrusion runs indicated that products having moisture con­
tents in excess of 30% were difficult to process. Potential protein dénatura­
tion was not considered. To increase the proportion of fish above 20%, the 
moisture content of the minced fish was reduced to 50% by baking 1 kg 
units at 120°C for 40 min. Using this cooked product, additions of 25, 30 
and 35% carp to rice flour were made. Two kilogram flour/fish/water mix­
tures were blended in a 20 liter Model B20T Blackslee vertical mixer 
equipped with a wire ship. Mixing was for 5 min a t speed 1, and 15 min at 
speed 2. A summary of all formulations used for extrusion are presented in 
Table 1.

Extrusion
A Model PL-V500 Brabender Plasticorder extruder equipped with a 3/1 

screw and a 0.5 cm die was used. The unit was operated a t 159 RPM with a 
barrel temperature of 150°C. Each of the seven formulations shown in 
Table 1 was extruded on three consecutive days in a sequential fashion for 
a total of 21 runs.
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Table 1. Extrusion formulations*

Variable
%

Rice Flour
%

Carp/Form
*

Added Water

1 100 0/raw 14

2 90 10/raw 7

3 85 15/raw 3

4 80 20/raw 0

5 75 25/cooked 4

6 70 30/cooked 2

7 65 35/cooked 0

* All formulations had calculated total moisture contents of 25% prior to extrusion.

E xtrudate D rying, G rinding and Storage

The extradâtes were collected and permitted to air dry for 24 h. Samples 
were ground in a Model 4 Wiley laboratory mill through a 1 mm opening 
screen. Representative samples of the ground products were placed in 
Mason jars, sealed, and stored at either -36°C or 22°C for up to six months 
for flavor evaluation. A sample of nonextraded rice flour was also sub­
jected to these same storage conditions.

Pakodas Form ulation
A standard recipe for pakodas, as shown in Table 2, was used. The ingre­

dients were blended into a batter, 10 g units added to 210°C cooking oil, 
and fried for 2.5 min. The snacks were removed from the oil, drained on 
paper towels for one minute, and presented to the panel. The seven ex­
truded products shown in Table 1, along with a nonextraded rice flour 
control, were formulated in pakodas.

Sensory P anel M akeup and Evaluation
A group of 22 Indian students and/or spouses fam iliar with pakodas 

attending Colorado State University was used as the panel. They included 
15 males and 7 females, and ranged in age from 20 to 46.
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Table 2. Pakodas recipe

100 g rice flour or ground extrudate 

100 g water 

2 g salt
0.5 g ground black pepper 

40 g finely chopped onions 
10 g finely chopped green Bell pepper

The seme group was used to evaluate the odor properties of the eight 
samples placed in storage. Ground samples were presented a t 0, 3, and 6 
months of storage and the panel asked to describe any objectionable odors.

Freshly prepared pakodas were evaluated by the panel using standard 
procedures for the triangle test (Amerine et 1965). In addition, separate
samples of each variable, including the nonextruded and extruded 100% 
rice flour controls, were evaluated for their appearance, aroma flavor, 
texture, and overall acceptability using standard procedures for a seven 
point hedonic scale (Amerine et a l 1965). Data were statistically evaluated 

standard tables associated with each of these sensory tests (Amerine 
etaL 1965).

RESULTS AND DISCUSSION 

Proxim ate Composition
As seen in Table 3, the rice flour used had an initial moisture content of

11.0% and a protein content of 6.9%, whereas raw carp had 81.0% moisture 
and 18.2% protein. Cooking carp decreased moisture, thereby, increasing 
protein and fat amounts. Both rice flour and carp were relatively low in fat.

All of the ground extrudates had a moisture content ranging from 7.0 to 
7.5%, which would lead to good storage properties. Using the protein con­
tent of extruded rice flour as the base, it can be seen that even the incorpo­
ration of only 10% raw minced carp increased the amount of protein by 
17%, and when 35% cooked minced carp was added, protein content in­
creased 86%. Thus, these extrudates represent a source of precooked food of 
relatively high protein content that could be consumed as such or be incor­
porated into other foods. Even at the highest carp addition, the fat content 
was still only 2.32%.
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Table 3. Proximate composition of ingredients» extradâtes and Pakodas*

%
Product Moisture Protein Fat
Ingredients:

Rice flour (RF) 11.0 6.9 0.42
Raw minced carp (RMC) 81.0 18.2 4.31
Cooked minced carp (CMC) 50.0 23.7 5.09

Extrudates:
100% RF 7.4* 8.3* 0.47*
90% RF/10% RMC 7.2® 9.7* 0.92*
85% RF/15% RMC 7.4® 10.3b 1.14b
80% RF/20% RMC 7.5* 10.9b 1.44b
75% RF/25% CMC 7.3* 13.3C 1.80c
70% RF/30% CMC 7.0* 14.3C 2.06c
65% RF/35% CMC 7.1* 15.4d 2.32c

Pakodas:

100% non~extruded RF 12.6* 6.4* 7.42®
100% extruded RF 12.2* 6.5* 7.17*
90% RF/10% RMC 12.5* 9.5b 7.15*
85% RF/15% RMC 12.9* 10.0b 7.15*
80% RF/20% RMC 13.1* 10.4b 7.11*
75% RF/25% CMC 14.6b 12.8C 7.03*
70% RF/30% CMC 15.2C 13.7C 7.00*
65% RF/35% CMC 16.0C 14.6d 7.00*

* All data represent the average of duplicate samples run on each of three separate 
products. Column data within the extrudates and Pakodas listings with different fetters 
are significantly different (p * .05)
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In looking at the pakodas composition, it can be seen that the frying 
process resulted in the absorption of some oil since fat contents for all 
products was in the neighborhood of 7%, which is still relatively low for a 
fried food. Factors such as frying temperature, time, and pakodas size 
would influence the amount of fat absorbed. Also, it can be seen that the 
extrusion process did not influence composition of the two 100% rice flour 
controls. It also appears that increasing the carp content influenced water 
retention, since the final moisture content of the pakodas increased with 
increasing carp addition and, as would be expected, protein content also 
increased. Using the 100% rice flour pakodas as controls, the addition of 
10% carp resulted in a 48% increase in protein, while the highest carp 
addition (35%) resulted in pakodas containing 128% more protein than the 
traditional 100% rice product.

E xtrudate Storage S tability
The odor properties of the seven extrudates shown in Table 3, along with 

those of the nonextruded rice flour control, were evaluated at 0, 3 and 6 
months of storage a t -36° and 22°C. The 16 samples were randomly pre­
sented in powdered form a t room temperature to the 22 member sensory 
panel who were asked to describe any objectionable odor. Even after 6 
months, no objectionable odor were reported in any of the samples. Thus, it 
appears that the extrusion process is well suited to the manufacture of a 
product that has good odor storage stability. Factors that accounted for 
good stability include the relatively low moisture and fat contents of the 
extrudates. In addition, no strong fishy odor, as was found by Murray et a l 
(1980), was apparent in this study, thereby, demonstrating that starting 
fish quality is of major importance. Possible explanations for this differ­
ence include differences in fish species used and extrusion conditions. The 
higher the extrusion temperature, the greater the potential to flash off 
volatile odors.

Sensory Triangle Tests
It should be remembered that the triangle test is soley a difference test 

and not a preference test. Freshly prepared pakodas were submitted to the 
22 member Indian panel on three consecutive days with each day repre­
senting separate extrusion runs. These results are summarized in Table 4. 
As can be seen, the panel could not distinguish between pakodas made 
from traditional rice flour and extruded rice flour. When pakodas made 
from extruded rice flour and increasing amounts of carp were compared, 
the panel could not statistically distinguish between 10,15,20 and 25%
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Table 4. Pakodas sensory triangle test results’1*

Comparisons

100% non-extruded RF vs. 100% extruded RF
Number of Correct Responses** 

6

100% extruded RF vs. 90% RF/10% RMC 7

100% extruded RF vs. 85% RF/15% RMC 7

100% extruded RF vs. 80% RF/20% RMC 8

100% extruded RF vs. 75% RF/25% CMC 10

100% extruded RF vs. 70% RF/30% CMC 14

100% extruded RF vs. 65% RF/35% CMC 17

* Results are the average of three separate evaluations 
** 12 correct responses required at p « .05

added carp. However, at carp levels of 30 and 35%, the panel could statisti­
cally make distinctions. Therefore, it can be concluded that a t least 25% 
carp can be added to pakodas before major differences become apparent. In 
referring back to Table 3, it can be seen that pakodas made with 25% added 
carp have a protein content of 12.8%, which is 100% higher than in the 
100% rice controls. The intensity and amount of spices and frying condi­
tions can be significant factors in dictating the maximum amount of carp 
that can be added before detection is obvious.

Sensory Hedonic Tests

The hedonic test is a classical preference test and, as seen in Table 5, no 
sensory property of any product variable was judged to be disliked. Rela­
tive to pakodas appearance, no significant difference was apparent until at 
least 25% carp was added. However, products containing 35% carp were 
still rated as looking moderately good. The golden brown color that devel­
ops during frying appeared to minimize color differences. The aroma ra t­
ings were statistically comparable for pakodas containing up to 20% carp, 
while with flavor, significant differences were found at levels exceeding 
15% addition. It is also interesting to note, with flavor, that both the 100% 
extruded rice flour control and the product containing 10% carp were sta­
tistically better than the 100% nonextruded rice flour control. Texture was 
the sensory attribute that was judged the lowest, even for the controls. 
However, the texture of pakodas containing 35% carp was still not objec­
tionable. When the data for overall acceptability are considered, again all
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Table 5. Pakodas sensory hedonic test results*

Product Appearance Aroma Flavor Texture
Overall

Acceptability

100% non^extruded RF 6.4* 6.0® 6.2b 5.7® 6.3®

100% extruded RF 6.5® 6.0* 6.6® 5.6® 6.5®

90% RF/10% RMC 6.4® 6.2® 6.6® 5.6® 6.5®

85% RF/15% RMC 6.0® 6.0® 6.2b 5.3b * 6.0®

80% RF/20% RMC 6.0® 5.7b 6. 3b 5.2b 5 5b

75% RF/25% CMC 5.8b 5.5b 6.0b 5.0b 5.0b

70% RF/30% CMC 5.4C 4.6C 5.7C 4.5C 4.5C

65% RF/35% CMC 5.1c 4.6C 5.5C 4.2C 4.3C

* Results are the average of three separate evaluations. Scale used:
7. Like extremely; 6. Like very much; 5. Like moderately; 4. Neither like nor dislike; 3. 
Dislike moderately; 2. Dislike very much; 1. Dislike extremely;
Column data with different letters are significantly different (p *= .05)

variables produced acceptable results but significant differences were ap- 
parent after 15% carp addition. Thus, the above data demonstrate that a 
extruded rice-based snack food containing up to 35% carp is acceptable to a 
native Indian population.
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The Effects of Large Storm Events on Basin-Range 
Riparian Stream Habitats1

2/William S. Platts, Karl A. Gebhardt, William L. Jackson-

Abstract,— Large storm events had major impacts on 
stream riparian reaches that had received heavy livestock 
grazing. One ungrazed rehabilitated stream reach actually 
improved in habitat condition while the two adjacent grazed 
stream reaches decreased. Each stream reacted differently 
to channel erosion, with two streams showing mainly lateral 
channel movement and the third stream vertical channel 
movement.

INTRODUCTION

This report describes habitat changes in 
three riparian stream systems from 1978 through 
1984. This is a valuable period for analyzing 
environmental fluctuations because broad areas of 
the Great Basin experienced some of the lowest and 
highest stream flows on record.

STUDY AREA

The study streams are in Nevada (Chimney and 
Gance Creeks) on the northern fringe of the Basin 
and Range physographic province and in Utah (Big 
Creek) on the fringe of the middle Rocky Mountain 
physographic province (fig. 1). Historically the 
watersheds of all three streams have been heavily 
grazed by livestock. Complete descriptions of 
study streams can be found in Platts and others 
(1983bl. Platts and Nelson (1983), and Platts and 
Nelson^/

Few flow data exist for Chimney Creek. 
However, based on a nearby stream record, peak 
flows in 1984 were in the range of a 500-year flow 
event (Siebert personal communication). U.S.

— ^Paper presented at the North American Riparian 
Conference, Tucson, Arizona, April 16-18, 1985.
—  William S. Platts is Research Fisheries 
Biologist, USDA Forest Service, Intermountain 
Forest and Range Experiment Station, Boise, Idaho. 
Karl A. Gebhardt is Hydrologist, Bureau of Land 
Management, Boise, Idaho. William L. Jackson is 
Hydrologist, Bureau of Land Management, Denver 
Service Center, Denver, Colorado.
—  Platts, W. S., and R. L. Nelson. In press.
Stream habitat and fisheries response to livestock 
grazing and instream improvement structures: Big 
Creek, Utah. Journal of Soil and Water 
Conservation.

4/Geological Survey Records—  collected on Gance 
Creek show peak flows of 114 cfs on May 30,
1983, and 127 cfs on May 12, 1984. These flows 
are approximately 2 to 14 times larger than mean 
annual discharge peak flows for 1980, 1981, and 
1982, which were 60, 9, and 50 cfs, 
respectively. Flows for Big Creek are not 
available, but on June 4, 1983, the Bear River 
that Big Creek empties into, exceeded all past 
40-year flow records (Millard and others 1983) 
at 3630 cfs and was nearly as high in 1984 at 
3050 cfs (Harenburg personal communication).

— ^U.S. Geological Survey. 1984. Unpublished 
water level records. U.S. Geological Survey. 
Carson City, Nevada.
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METHODS

The basic study design was to randomly select 
1,800 ft of stream and subdivide it into 181 
transects placed at 10-ft intervals along the 
stream for location of all data collection. A 
complete description of the geomorphic, riparian,* 
hydrologic, and fish population methods can be 
found in Platts and others (1983a), Platts and 
others (in preparation), and Ray and Megahan 
(1979).

RESULTS 

Chimney Creek

Chimney Creek suffered severe floods in 1983 
and 1984 that unraveled the streambanks and made 
many channel changes (figs. 2 and 3). Table 1 
shows the reduction of vegetative overhang in 
1984, the year of most severe flooding. In 1981 
there was little vegetative overhang, but this was 
during periods of heavy grazing. In 1982 and 
1983, vegetative overhang.increased because of two 
successive years without grazing. Grazing was 
also minimal in 1984, but the heavy bank scouring 
still reduced the overhang. The flooding 
increased fine sediments in the channel, but the 
scouring flushed gravel downstream and replaced it 
with rubble. The fines probably re-deposited as 
flood flows receded. The increased substrate 
embeddedness rating (1 is high, 5 is low) in 1984 
reflected the increase of fine sediments. Chimney 
Creek became wider and deeper (table 1) after the 
floods of 1983 and 1984, but pool quality and 
pool-riffle ratio were reduced.

In years past, the Chimney Creek streamside 
zone was heavily dominated by large aspen trees. 
Evidence of this aspen forest still exists in the 
large amount of decomposing aspen logs in the 
Chimney Creek channel. The aspen population 
drastically decreased, probably because of a com­
bination of wind blow down, beaver cutting the 
large mature trees, and heavy cattle grazing

Table 1.—  Physical environmental means (plus or minus 
Chimney study areas. Vegetative overhang, width 
percent; embeddedness and pool quality in units;

Figure 2.—  Chimney Creek channel cross section 
31, 1981-84.

Figure 3.—  Chimney Creek channel cross section 
146, 1981-84.

controlling the annual aspen sprouting and 
seedlings. The large aspen limbs and logs that 
held the Chimney Creek channel together 
decreased in volume and decomposed so that they 
no longer had the capacity to hold the acquired

95% confidence about the mean) for the Gance and 
and depth in feet; fine sediments and gravel in 

and pool-riffle in ratio.

Gance
Vegetation overhang
Gravel
Width

0.10(.03) 
81 (4)
5.2 (.3)

0.13(.04) 0.12(.04) 0.11(.03) 
70 (3) 71 (4) 76 (3.8) 
5.5 0.2) 6.3 (.3) 6.1 (.3)

0.30(.06) 0.15(.05) 0.06(.03)
73 (3.6) 64 (3.6) 58 (4)
6.0 (.3) 6.5 (.3) 7.4 (.3)

Chimney
Vegetation overhang
Fine sediments
Gravel
Embeddedness
Width
Depth
Pool quality 
Pool-riffle ratio

0.06(.03) 
8.4 (-)

57 (3.5)
3.2 (.1)
4.7 (.3) 
0.15(.01)
2.8 ( . 2)
2.7 (-)

0.16(.04)
8.5 (-)

48 (4.1)
2.7 (.1)
4.6 (.3) 
0.17(0.02) 
3.1 (.02)
2.7 (-)

0.11(.05)
6.7 (-)

40 (3.9)
3.1 (.1) 
5.5 (.3) 
0.19(.01) 
2.4 (.7)
1.7 m

0.05(.03) 
17.6 (-)
18 (2.5)
1.7 (.1) 
6.9 (.4) 
0.22(.02)
1.8 ( . 2)
1.0 (-)



Table Some examples of minimum channel elevations in feet and
translocation distances-^in feet at four selected stream transects.

’ 3 Year """
1978 1979 1980 1981 1982 1983 1984

Stream
Chimney

Elevation 18 4 35.
Translocation 6394.7 6394.7 6386.8
Elevation 9 10 31
Translocation 6395.9 6395.7 6388.3

Gance
Elevation 11.2 '"■'v';:7. :7J 8.7 4.3 17.1
Translocation 6520.6 6521.2 6521.3 6521.3 6521.3

¿Elevation 14.5 13 12.5 10.3 9
Translocation 6505.7 6506.7 6506.2 6505.5 6504.4

— ^Translocations are distances from the benchmark stake to the point of 
minimum channel elevation.

■H 2 -2Table 3.— Fish biomass estimates in oz/ft (xlO ) for Chimney, Gance, 
and Big Creeks.

Study Area 1978 1979 1980 1981 1982 1983 1984

Chimney Creek, Nevada —  Cutthroat trout
- - - 0.4 0.6 1.1 0.8

Gance Creek, Nevada - Cutthroat trout
1.1 1.6 3.2 2.3 1.2 1.1 1.4

Bis Creek, Utah - Rainbow trout
Site 1 - 0.3 0.7 - - - 0.2
Site 2 - 0.4 0.3 - ' 0.1
Site 3 0.5 0.1 «SB - - 0.2

alluvium underlying the channel. Consequently, 
large floods were capable of scouring valley 
alluvium materials and causing accelerated erosion 
of the Chimney Creek streambanks and channel 
(table 2).

The Humboldt cutthroat trout (Salmo clarki 
henshawi) not only survived the floods, but 
actually had higher summer populations during the 
high water years of 1983 and 1984 than during the 
lower water years of 1981 and 1982 (table 3). 
Drought conditions, which caused Chimney Creek to 
flow ephemerally, may cause more severe limiting 
factors than floods. Now that the Chimney Creek 
channel is largely modified, it will be 
interesting to see how cutthroat trout summer in 
Chimney Creek during the next drought years.

Gance Creek

Gance Creek mainly showed vertical change 
resulting from the major flood events (table 2 and 
fig. 4). But some cross section profiles (fig. 5 
and 6) showed some lateral change. Because of its 
large vegetative canopy cover and streambank 
vegetation biomass dominated by tr,ees, the Gance 
Creek streambanks were more resistant to lateral 
movement. Had Gance Creek sustained its past 
control by beaver dams that occurred in the 1950*3 
and 1960’s, it would probably have suffered even 
less from the high flows. The only variables 
possibly affected by the high flows would have 
been reduced gravel in the channel (similar to 
what happened in Chimney Creek^ increased stream 
width primarily because of the higher summer 
flows, and reduced vegetative overhang.

Figure 4.— Gance Creek channel cross section 43, 
1978-84.

Figure 5.— Gance Creek channel cross section 89, 
1979-84.

WIOTH, FEET

Figure 6.— Gance Creek channel cross section 
147, 1978-84.

In Gance Creek the Humboldt cutthroat did 
best during the drier years of 1980 and 1981. 
However, the population during the flood years 
of 1983 and 1984 was quite similar to the lower 
flow years of 1978 and 1979. Gance Creek has 
better summer flows than Chimney Creek. 
Therefore, high flows could have more 
proportional effect on fish populations.
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Big Creek

The sites on Big Creek are described 
separately because site 2 has been rested 
(ungrazed) for a sufficient period (about 10 
years) to induce dramatic rehabilitative changes. 
Stream width increased dramatically^by about 40 
percent (table 4)— between 1982 and 1984 (1983 and 
1984 were flood years) in the grazed reaches. The 
improved riparian-bank conditions in the ungrazed 
site 2 were able to contain the excess streamflow, 
and only a slight increase in width occurred. In 
the grazed upstream site 3, extensive lateral 
movement and redepositlon of bedload sediments 
occurred, whereas in grazed site 1, immediately 
downstream from the ungrazed site 2, there was 
extensive bank side cutting but reduced deposition 
of sediments occurred* This combination may have 
occurred because large volumes of fine sediments 
were trapped in the rehabilitated riparian zone of 
the adjacent upstream ungrazed site.
Table 4.— Physical environmental means (plus or minus Confidence interval around 

the mean) for Big Creek. Habitat type and pool quality in units, bank 
alteration and fine sediments in percent, stream width and streambank 
undercut in feet, and streambank angle in degrees.

Variable 1978 1979 1980 f ¡4-982 1984

Habitat type
Site 1 12.9(0.8) 10.0(0.8) 14.2(0.6) 6.1( )
Site 2 15.3(0.8) 15.3(0.9) 16.5(0.6) 16.21 )Site 3 11.8(0.8) 13.5(0.8) 14.7(0.6) 8.8( )

Bank alteration
Site 1 42(-) 69(~) mm 64 (—)
Site 2 16(—) 27 (-) 25(-) 23(->
Site 3 34(-) 63(-) 5 5 (-) 64(-)

Fine sediments
Site 1 
Site 2 
Site 3

15.50 
49.9(~) 
48.l(-)

10.3(-)
mmm
31.!(-)

2Ù2(-)
39.8(-) 
34.4(-)

Width
Site 1 12.5(0.7) 13.3(0.8) 12.5(0.8) 17.9(1.0)
Site 2 11.7(0.7) 12.3(0.8) 11.7(0.8) 14.0(0.9)
Site 3 12.9(0.7) 13.8(0.8) 13.1(0.8) 18.2(1.8)

Pool quality
Site 1 2.8(0.3) 3.1(0.3) 3.2(0.3) 3.2(0.3)
Site 2 3.6(0.3) 4.5(0.3) 4.1(0.3) 3.7(0.3)
Site 3 3.1(0.3) 3.9(0.3) 3.6(0.3) 3.2(0.4)

Streambank ansie
Site 1 136 (8) 134 (7) <121' (7) 123 (8)
Site 2 113 (8) 104 (7) 103 (7) 75 (8)
Site 3 138 (8) 124 (8) 125 (7) 125 (8)

Streambank undercut
Site 1 0.08(.05) 0.10(.05) 0.19C.06) 0.19(,06)
Site 2 0.20(.05) 0.22(.05) 0.29(.06) 0.50(.09)
Site 3 0.07(.05) 0.14Ì.05) 0.18(.06) 0.23(.06)

Streambank angle (the higher the angle the 
more the bank is outsloped and the less value the 
bank has to the fishery) only increased slightly 
in the grazed sites, but they were already in an 
outsloped condition. In the ungrazed site, bank 
angle decreased by 27 percent from 1982 to 1984 to 
a current value of 75°. The large decrease in 
bank angle also caused a corresponding 72 percent 
increase in bank undercut, a move toward better 
salmonid conditions.

The habitat type (a vegetative classification 
by form) rating decreased dramatically in the 
grazed sites because of the large Increase in 
newly eroded sediments dominating the streambank 
structure and the increase in exposed banks 
created by lateral movement and bank scour. 
Streambank alteration was much higher after the 
floods (1983-84) in the grazed sections but did 
not change much-in the ungrazed section, 
reiterating the ability of the improved

stream-riparian condition in the ungrazed area 
to resist damage from unusual runoff events.

Heavy recreational fishing pressure 
effectively reduced trout numbers in site 2 (the 
livestock exclosure) because of better pool 
quality. This heavier fishing pressure makes it 
difficult to evaluate influences on fish 
populations from recent flooding. It is clear, 
however, that improved riparian-streambank 
condition in the ungrazed area has not 
benefitted the fish population. We believe this 
is because the large number of instream 
improvement structures trapped fine sediments, 
and offsite limiting factors (high water 
temperatures) from upstream grazed reaches 
cancel any of the benefits gained (Platts and 
Nelson^-').

CONCLUSIONS

Historically, researchers and managers have 
been interested in the effects from large flood 
events (Lyons and Beschta 1983; Gregory and 
Madew 1982). The runoff years of 1983 and 1984 
were intensive, resulting in marginal to 
dramatic changes in riparian stream habitat of 
the three study streams. Where streamside 
vegetation was abundant, flood impacts were 
minimal.

Major mechanisms leading to changes in 
channel morphology and thus changes in fishery 
and riparian habitat, are the resistance of 
material to fluvial entrainment and the physical 
destruction of streambanks. These two 
mechanisms can be controlled, to some extent, by 
the types of land use and management in the 
riparian stream zone. If streambank vegetation 
is reduced, the stream usually responds by an 
adjustment of channel width. Physical 
destruction of the streambank results in 
delivery of sediments to the channel. The 
initial response of channels to these increased 
sediments is to reduce bedform roughness (Heede 
1980; Jackson and Beschta 1984). In most cases 
this is accomplished by filling pools with 
sediments* Subsequent adjustments may include 
changes in width, depth, meander pattern or 
longitudinal profile. When these adjustments 
take place, riparian stream habitats suffer, and 
fish populations usually suffer.
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Impacts of Rest-Rotation Grazing on Stream Banks in 
Forested Watersheds in Idaho
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A bstract

Rest-rotation grazing in Idaho allowed forage in the stream-side zone to be used at a higher rate 
than on either immediately adjacent range or the overall grazing allotment. Stream sides received 
unauthorized grazing during the scheduled rest periods, however, and complete rest was difficult 
to achieve. Cattle appeared to graze stream-side meadows at high elevations with less intensity 
during the early grazing period when vegetation was lush than during the late grazing period.
Stream-bank alteration occurred soon after cattle

Precisely when western stockmen first began 
to notice a reduction in forage as a result of over­
used rangelands is not known. Effects of over- 
grazing, however, were beginning to be recog­
nized as early as 1878 (Box 1979) and the problem 
was no longer ignored by the turn of the century. 
By the 1930’s, western rangeland conditions were 
degraded so obviously that Congress passed the 
Taylor Grazing Act in 1934 to regulate grazing 
on the public domain; in Ü936, the U.S. De­
partment of Agriculture issued its historic letter 
to the U.S. Senate entitled “The Western Range.” 
This letter stated that deterioration of western 
rangelands was “so nearly universal under all 
conditions of climate, topography, and owner­
ship that the exceptions serve only to prove the 
rule.” The political and economic processes were 
then initiated to begin range rehabilitative efforts 
in earnest.

Today, many authorities believe that range 
conditions have improved. Busby (1979), for ex­
ample, stated that today’s rangelands, though 
possibly in only “fair” condition, are far superior 
to the denuded rangelands of the 1930’s, and Box 
(1979) believes that western rangelands are pres­
ently in their best condition of this century. Ap­
praisals by the Bureau of Land Management 
(BLM), U.S. Department of the Interior, and the 
Forest Service (U.S. Department of Agriculture), 
however, show that riparian lands are still in 
need of improved management. The BLM esti­
mates that of 217,254 hectares of riparian hab­
itat, 18||086 (83%) were in unsatisfactory con­
dition (Almand and Krohn 1979). The 9.3 million 
hectares of riparian and wetlands managed by

were turned into ungrazed meadows.

the Forest Service (Owen 1979) are receiving im­
pacts that require prompt attention (USDA For­
est Service 1979a).

The noteworthy recovery in overall range con­
dition after the 1930’s resulted from a variety of 
management activities, ranging from reduced 
livestock stocking rates (numbers per unit area) 
to special grazing strategies. One of these strat­
egies, rest-rotation grazing, was developed early 
in this century but was not accepted until Forest 
Service personnel developed it for use on peren­
nial bunchgrass ranges (Hormay and Evanko 
1958; Hormay and Talbot 1961). Rest-rotation 
grazing is now the primary strategy used on many 
ranges.

We set up special pastures in ungrazed wa­
tersheds so we could follow the effects of rest- 
rotation grazing by cattle under previously pris­
tine conditions. Additional study areas were 
situated in allotments that had already been un­
der rest-rotation grazing by cattle for 20 years or 
more. These two approaches allowed us to look 
at long-term vs short-term effects, and the effects 
of this grazing and the timing of grazing on 
stream-bank stability and riparian vegetation. 
Some possible solutions for better compatibility 
between cattle grazing and riparian-stream sys­
tems are presented.

R est-R otatio n  G razing

Under rest-rotation grazing, the grazing area 
or allotment is partitioned into several pastures. 
Each pasture is grazed in turn and usually is rest­
ed at least 1 year during a grazing cycle. However, 
in some unusual situations such as periods of

547
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low forage production, the pasture scheduled for 
rest may be grazed anyway at the range man­
ager’s discretion (Hormay and Talbot 1961; Hor- 
may 1970). Opinions about the value of rest- 
rotation grazing vary considerably. Hormay 
(1970) believes that rest-rotation grazing is a 
powerful tool for increasing land and vegetative 
productivity, but W. R. Meiners (in a speech to 
the Society for Range Management at Tucson, 
Arizona 31974) called rest-rotation grazing “a 
bummer.” Blackburn et al. (1982), in a review 
of grazing impacts on watersheds, offered little 
support for special grazing strategies.

Ratcliff and Reppert (1974) reported increased 
vigor of Idaho fescue (Festuca idahoensis Elmer) 
under rest-rotation grazing in California, and 
Hughes (1979) showed increases in vegetation 
quality and quantity under rest-rotation grazing 
in Colorado. Hughes also demonstrated that an­
imal weights could be increased without reducing 
animal numbers. Gifford and Hawkins (1976), 
however, surveyed the range management lit­
erature and suggested that there is little evidence 
to indicate that any specialized grazing strategy 
(including rest-rotation) consistently increased 
plant cover on watersheds. VanPoolen and Lacey 
(1979) also analyzed the literature and suggested 
that, while specialized grazing management usu­
ally increases vegetative production, reduction 
in stocking rates is much more influential. This 
disparity of opinion results because there is little 
conclusive evidence to support either line of 
thinking.

The lack of definitive information to guide 
multiple-use management is particularly detri­
mental to proper stream-side management. Hor­
may and Talbot (1961) made two statements rel­
ative to this problem: (1) selective grazing (grazing 
preferred plants) is one of the principal causes of 
range deterioration; and (2) under rest-rotation 
grazing, cattle stocking is based on forage pro­
duction and use of all available forage, so the 
degree of use assumes less importance. Thus, un­
der a typical rest-rotation strategy, one would 
expect the stocking rate to be based mainly on 
the total production and use of other vegetation 
that accounts for most of the forage. Because 
selective grazing causes range deterioration, 
however, one might reasonably expect continued 
deterioration of the stream-side vegetation be­
cause cattle generally prefer it to that of the drier 
uplands (uplands are all range types other than 
riparian). The question of preference has been

only superficially addressed so far and needs con­
siderably more research.

Hughes (1979) found that rest-rotation grazing 
improved range productivity but found no cor­
responding improvement in riparian conditions. 
He suggested the fencing of riparian areas. In 
Utah, Starostka (1979) not only found no stream- 
side improvement under rest-rotation grazing, 
but even speculated that the lush riparian growth 
produced by rest periods caused heavier than 
normal use of the riparian zone. Platts (1981) 
also pointed out that even though the ranges have 
improved since the 1930’s, the associated ripar­
ian habitat could actually have deteriorated be­
cause cattle prefer to graze and rest in riparian 
zones.

Knowing how stream sides respond to widely 
used rest-rotation grazing strategies is important 
because stream-side vegetation is important to 
fish and wildlife and to the public that uses these 
areas. The importance of riparian vegetation to 
wildlife is well-documented by Thomas (1979) 
and Thomas et al. (1979). Its importance to fish 
is not necessarily as well appreciated. Further­
more, destructive trampling of the banks prob­
ably poses a more serious threat to fish than graz­
ing over the long term. Removal of riparian 
vegetation which leads to increased erosion, along 
with trampling, must be evaluated in order to 
prepare livestock management strategies that will 
further the goals of multiple-use rangeland man­
agement.

St u d y  A reas

Eleven study areas were located in three widely 
separated tributaries of the Salmon River of cen­
tral Idaho (Fig. 1), a drainage famous for its chi- 
nook salmon (Oncorhynchus tschawytscha) and 
steelhead (Salmo gairdneri) production. Clima­
tic conditions in this drainage are severe. Cold 
snowy winters are routine. Temperatures as low 
as —50 C have been recorded and annual pre­
cipitation runs as high as 1,778 mm (USDA For­
est Service 1979b). Considerable rain falls during 
spring months, but summers generally are warm 
and dry. Intense storms are common and frost 
can occur during any month of the year.

All of these areas are located in Forest Service 
grazing allotments. The study areas on the South 
Fork Salmon River had not been grazed for 2 
decades prior to the study. On the remainder of 
the study areas, grazing is confined mainly to 
highly productive, grassy, valley bottoms. The
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Abstract Several classification schemes have been proposed for elasmobranch fishes. Examination 
of chromosome number, morphology, and cellular DNA of the major evolutionary lines of living 
elasmobranchs revealed trends that may help clarify their phylogenetic status. Blood was obtained 
by direct heart puncture. Chromosome preparations were obtained from short term cultures of 
blood cells in colcemid. DNA (pg/cell) was measured, after propidium iodide staining, with a flow 
cytometer.

The data support the assumption that karyotypes with large numbers of chromosomes and 
including a large proportion of telocentric chromosomes are more representative of the primitive 
elasmobranch genome than are other karyotypes. Notorynchus exhibited the most primitive 
squaloid karyotype by this criterion (104 chromosomes with 100 telocentrics). Heterodontus had the 
most primitive galeoid karyotype (102 chromosomes with 76 telocentrics). Rhinobatos exhibited the 
most primitive batoid karyotype (92 chromosomes with 48 telocentrics). Variation in DNA content 
appears to be the result of gene duplication and gene deletion. New findings question some 
previously reported data on chromosome number.

These observations concerning phylogenetic trends in chromosome number, fundamental 
number, and DNA content are relevant to speculations on the primitive neoselachian genome: 1) 
decreasing fundamental number is a major trend in karyotypic evolution in elasmobranchs; 2) a 
decrease appears to occur in the diploid chromosome number and in the proportion of telocentric 
chromosomes; and 3) although decreasing DNA content appears to characterize genome evolution 
in the galeoids, no such trend is apparent in the batoids. Two hypotheses suggested by these 
observations are discussed.

The classification and phyletic relationships of fishes is constantly changing, being 
updated, and revised as a result of new findings, methods of study or theories, (i.e., Regan, 
1929; Berg, 1947; Greenwood et al., 1966; Gosline, 1971; Rosen, 1973). Elasmobranchs, not 
withstanding, also remain an “unsettled and controversial groupage” of fishes (Compagno, 
1977), for several classifications have been proposed to delineate origin, group affiliation, and 
interrelationships (Müller and Henle, 1838-41; Regan, 1906; Holmgren, 1941; Norman, 1951; 
Schaeffer, 1967; Schaeffer and Williams, 1977; Zangerl, 1973; Nelson, 1976; and Compagno, 
1973, 1977, 1984). Most scientists recognize two to four major assemblages of living sharks 
and rays: squalomorphs, galeomorphs, squatinomorphs, and batoids.

Although fish chromosomes were first recognized in Myxine glutinosa by Retzius (1890), 
it was not until Roberts (1964) and Denton and Howell (1969) provided squash and flame dry 
methods for preparing chromosomes that progress was made in determining numbers and

Indo-Pacific Fish Biology: Proceedings of the Second International Conference on Indo-Pacific Fishes, edited by 
T. Uyeno, R. Arai, T. Taniuchi and K. Matsuura, 1986, pp. 148-157, Ichthyological Society of Japan, Tokyo.
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karyotypes of fish chromosomes.^Further, much p rog r|S  has been made since McPhail and 
JonesV;(J966) use of gill epithelial examinations in wayjgjto quickly; prepare" material '?.fbr 
chromosome determination! without killing th^specimefi. Denton (1973)&viewed most oil 
the methods and tissues used to obtain chromosomes and pointed ou^Hthé m o l  elusive 
technique-for getting chromosomes from fisheé is that of culturing blood leucocytes.” 
Likewise,, most methods then in use depended on the use of colchicine injection and retention 
of the living specimen for long interval^. Thill permitted the dispersal of the colchicine into 
muscles or body organs, prior to the extraction of tissues for chromosome preparation. These 
limitations made use of colchicine injected sharks marginal, as sharks are temperamental, 
once captured, difficult to keep alive for lengthy periods of tim ||require large holding tanks |p | 
permit their uninhibited swimming, and are difficult to handle because of their bulk.

Using a colcemid culture technique with blood obtained by cardiac puncture, we have 
been able to readily determine the karyotypes of 20 species of elasmobranchs.' Six karyotypesl 
from primitive species are presented here and others will be reported in subsequent papers. 
These karyotypes, coupled with DNA determinations, permit us to examine primitive species 
from major lines of elasmobranch evolution and, together with apparent trends in major lihdj$| 
to postulate the ancestral genome for neoselachian elasmobranchs in terms of two hypotheses.

Materials and Methods

Heparinized whole blood samples obtained by direct heart puncture were divided into 
two portions and used for chromosome preparations and cellular DNA analysis. Complete 
details of the procedures will be described in another paper and are only summarized here.

Metaphall chromosomes were obtained by treating cultures derived from blood samples 
with 5 jUg/ml colcemid for 6 -12 hours at 20 C. These samples were subdivided and treated for 
20 minutes at 20 C with a series of hypotonic solutions; that differed in their osmotic 
concentrations. Cells were fixed with methanol acetic acid (3:1), dropped onto glass slides, 
air-dried, stained with Giemsa (pH =6.8), and photographed under oil without a cover glass.

Examination of chromosomes obtained from a variety of elasmobranch species (Figs. 
1-6 and others) suggested that the chromosomes could be sorted on a qualitative basis into 
atelocentric (metacentric, submetacentric, and subtelocentric) and telocentric groups; whereas 
grouping of chromosomes for the purpose of determining the fundamental number (FN) (a 
form of index, derived many ways, by various authors, i.e. Vasil’yev, 1980) on any other basis 
would have been somewhat more arbitrary.

Karyotypes were prepared by arranging chromosomes in pairs by size within the 
atelocentric and telocentric groups. The FN consisted of twice the number of atelocentric plul 
the number of telocentric chromosomes.

Blood used to determine cellular DNA content was analyzed immediately or washed in 
phosphate buffered saline modified for elasmobranchs (SPBS) and frozen in SPBS plus 
glycerol. Chicken erythrocytes were added to each fish erythrocyte sample in a ratio of 1: 5 | 
the mixed sample stained with propidium iodide and the distribution of fluorescence of cells in 
the mixed sample determined with a flow cytometer. DNA values for fish erythrocytes were 
calculated from the modal fluorescence intensities of fish and chicken erythrocyte populations 
and the known DNA content of chicken erythrocytes (2.5 pg/cell; pg = picogram). 
Inconsistencies between the results obtained by this procedure, with different aliquots of the 
same sample run on different daylpsuggests that DNA values we report here to be viewed as 
approximations at present.
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Reconciliation Problems

Levan et al. (1965) and Denton (1973) noted the confusion and problems related to 
chromosome terminology, based on position and/or presence of a centromere; Hence, some 
researchers often referred to macro- and microchromosome! in species where there were 
discontinuities in chromosome sizç distributions. Herein, a number of species exhibited 
karyotypes with very small chromosomes, i.e., Squatina or Rhinobatos (Figs. 5, 6). We believe 
a centromere was present on all large chromosomes and in only the very small chromosomes 
were they difficult to detect (Figs. 5, 6). Since there may be a general tendency for the size of 
atelocentric chromosomes to increase, possibly at the expense of telocentrics,, the very small 
chromosomes seen in Squatina and Rhinobatos might not represent microchromosomes, in the 
sense of Nygren and Jahnke (1972), Ohno et ai (1969), or as found in tetrapods (Bernirschke 
and Hsu, 1975; Ohno et al., 1968) but could be considered to be supernumary B or /? 
chromosomes (Denton, 1973; Dingerkus, 1979; Low and Bernirschke, 1972). The interpre­
tation of these small chromosomes is equivocal and may only be resolved by population 
studigS' within species exhibiting discontinuities in chromosome size.

Comparing our observations to those reported in the literature by Nygren was difficult 
because inconsistencies in chromosome number were often found between his mitotic and 
meiotic chromosome preparations, e.g. Squalus aeanthias, did not agree (Nygren and Jahnke, 
1972; Nygren et ai.7 1971). We believe these inconsistencies resulted from an inability to 
distinguish overlapping metaphases. Chromosome morphology by Nygren’s and other earlier 
techniques has generally been inadequate for determining accurate chromosome and funda­
mental numbers (Makino, 1937; Nygren et ai, 1971; Nygren and Jahnke, 1972; Nogusa, 1960; 
Ohno et al., 1969). These problems were not apparent in Donahue’s (1974) or Stingo’s (1976, 
1979) studies.

Observations

In order to address the problem of interrelationships of the major elasmobranch groups, 
karyotypes are presented for six species which are considered to be more or less primitive
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Fig. 1. Karyotype of Notorynchus cepedianus (Sevengill shark), female. 2N== 104, FN = 112, 
DNA —8.8pg/2N. Reference bar =5 pm.
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3. Karyotype of TriakîMsemifasciata (Leopard shark), 
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Fig. 4. Karyotype of Squalus acanthias (Spiny dogfish), male. 2N = 60, FN = 120, 
DNA= 14.0pg/2N. Reference bar =5/im.
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Fig. 5. Karyotype of Squatina californica (Pacific angelshark), female. 2N = 88, FN = 114, 
DNA —18.6 pg/2N. Reference bar = 5 pm.
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Fig. 6. Karyotype of Rhinobatos productus (Shovelnose guitarfish), male.' . 2N =92, FN = 136, 
DNA = 8.0pg/2N. Reference bar H5/un.

within these groups (Figs. 1-6). Chromosome numbers (2N), fundamental numbers (FNK and 
cellular DNA contents are also summarized for these and 14 other species (Table 1). 
Karyotypes for species listed in Table 1 but not presented here will be published elsewhere. 
Because of the high chromosome numbers and frequency of small chromosomes in 
elasmobranch karyotypes, these data should be viewed as approximate, until they can be 
verified by examination of other individuals from each of the species studied.

From the data presented three observations concerning phylogenetic trends in chromo­
some number, FN, and DNA content are relevant to speculations on the primitive 
neoselachian genome.

Observation 1. The fundamental number of the presumably primitive batoid, 
Rhinobatos productus, was higher than the FN of other batoids examined and the FN of the 
primitive, Heterodontus francisci, considered by Compagno (1973) to be a galeoid, is higher
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Table 1. Chromosome numbers and cellular DNA .contents for 20 elasmobranchs captured in North 
American Atlantic or Pacific Ocean waters. Data ^supplemented by noting geological appearance. ^Nmo 
data; Atel., ¿telocentric; Tel., telocentric; FN, fundamental number)

jflfèpecies* Geological** 
Appearance) P

N urn beali
FN DNA

(pg/2N)t>;¡
¿IN

..Atel. Tel.

\y ; lì̂ pfâ ynohus cepedianus Middle JurBBVV 104 8 100 112 8.8Heterodontus fr anelici Upper Jurassic ioJ I 26 \  76; 17.5Carcharodon carcharías Upper CretaceQusM 8 * 48 ;f; I lf ; ' :lll3o ; ; 12.9Céphalomyllium ventriosum Upper Cretaceous 64 46 18 110 18.1' Carcharhinus acronotus Eocene 84 116 P ifeCarcharhinus limbatus Eocene 8q!i | | 3 0 « 50.+? 110 ±- 7.8ifialeocérdhjpuv'ìbri 86 38 124 $.3Rhizoprionodon terraem vaffM 80 + 44+ * 36 + 124^® 7.2Triakis semifasciata 01igocenJS|| 70 72 52 ; 18 20' \ 122 124 9.6***Sphyrna lewini Upper Cretaceops ) 78 18 60 95 6.6Squalus àéanthias Upper Cretaceous 60 60 0 120 14.0:, Squatina californica Upper Jurassic 88 26 62 114 18.6***PÀatyrhinoidis triseriata 64 32 96 15.5Rhinohatos productus Upper Jurassic 92 44 48 136 8.0Raja eglanteria Cretaceous 30 28 6.5Gymnura micrura — 56 44 12 100 11.4wSmólophus halleri 72 20 92 13.0***Myliobatis californica Cretaceous S H 50 I g l l 102 10.4Myliobatisfremin vii lèi Cretaceous 5 2 » 50 102 10.6Rhinoptera bonasus Cretaceous 64 42 22 106 10.0

* Species listed follows Robins et al. (1980).
** Geologic period for appearance of earliest fossil form as given in Bigelow and Schroeder (1948 1953) 

*** DNA data of Hinegardner (1976).

than that of other galeoids except the white shark, carcharías (Table 1).
Consequently .Bhese data suggest that decreasing fundamental number is a major trend in 
karyotype evolution in elasmobranchs. This general trend is also apparent in other vertebrate 
groups (Dingerkus, 1979).

Observation 2. The diploid chromosome numbers of Rhinobatos and
Heterodontus francisci are higher than the chromosome numbers of other more advanc­

ed batoids and galeoids respectively (Table 1). The lower diploid numbers of more 
advanced species are not only the result of lower fundamental numbers but also of decreased 
proportions of telocentric chromosomes, compared to atelocentric chromsomes. 
Furthermore, the karyotype of Notorynchus cepedianus is composed primarily of telocentric 
chromosomes. Thus, a second general trend in the evolution of elasmobranch karyotypes 
appears to be a decrease in the diploid chromosome number and in the proportion of 
telocentric chromosomes.

Observation 3. The DNA content of Heterodontus francisci was high compared to some 
of the more advanced galeoids, but that of Rhinobatos productus was low compared to a 
number of more advanced batoids. Thus, although decreasing DNA content appears to 
characterize genome evolutión in the galeoids, no such trend was apparent in the batoids.

Discussion

Chromosome numbers, many of dubious accuracy, are now known, for between 1000 and
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1500 species of the 20 22,000 fishes that inhabit the world (Cohen, 1970). Elasniobranchs 
account for 15 of this total (Vasil’yeV, 1980; Ojima, 1985). Likewise, of the 306 fishes whose 
cellular DNA is known, only 45 are elasmobranchs (Hinegardner, 1976; Hinegardner and 
Rosen® 972; Stingo, 1979).

With the development of our cardiac puncture blood culture techniqub, we have been 
able to determine the chromosome numbers for 20 elasmobranchs without having to sabrifice 
or maintain the specimen in confinement. We stressed examination of species within the four 
(although in 1973 Compagno suggested a fifth group: heterodontoid-orectolobid and 
lamnoid-carcharhinid, derived independently from each other) superorders of living elasmo­
branchs recognized by Compagno (1973, 1977): squalomorphii, squatinomorphii, galeomor- 
phii, and batoidea, in order to address the problems of origin and how members of those 
superorders were related. Nelson’s (1976) recognition of only (hree superorders contrasts with 
the four superorders of Compagno (1973) or the four orders recognized by Robins et al. 
(1980).

Compagno (1977) Considered the hexanchids to be within the squalomorphs and not as 
primitive as others have suggested. He likewise considered to be within the
galeomorphs. Squatina, a squatinomorph, was a specialized ray-like shark (Compagno, 1973, 
1977). He also divided the batoids into five groups: rhinobatoids, rajoids, pristoids, 
torpedinoids, and myliobatoids, with the rhinobatoids being the basal group for all other ray 
groups. Skates were believed to be offshoots from the rhinobatoids and the myliobatoids were

Q.
N0T0- SQUATINA SQUAI US RHINO- HETERO- t r i a k i s  RYNCHUSbUUAMNA bUUALUb BATOS DONTUS TRIAKIS

Fig. 7. Hypothetical phylogenetic relationships based on the assumption of decreasing phyloge­
netic parameters (a), and that based on the assumption that the cytogenetic parameters of 
Notorynchus cepedianus best approximate those of the ancestral genome of living elasmob- 
ranch (b).
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considered to be the most derived batoid. Compagno (1973) prefers to thinkBthat all 
elasmobrpnchs were independently derived from a basál néoselachian stock.

Unfortunately for otir phylogenetic considerations the values of the cytogenetic p a l 
rameters suggested by our dató to be primitive (i.e., high FN, high 2N and proportion of 
telocentric chromosomes, and high DNA content) did nofcorrespond to a sufficient degree, in 
ttn^ of the primitiv||species|examined, to suggest an unequivocal hypothesipconcerning the 
structure of the ancestral neoselachian genome or the cytogenetic changes that accompanied 
the derivation of extant elasmobranch groups from such an ancestor. Nevertheless, when 

Simplifying assumptions are made, a number of hypotheses based on our cytogenetic data are 
possibleBwo such hypotheses are presented:

Hypothesis 1 (Fig. 7a) assumes that, through time, although eupolyploidy was prob­
ably involved in the origin of the ancestral neoselachian genome from more primitive 
chondrichthian ancestors, eupolyploidy was not involved in the derivation of extant genomes 
from their most recent common ancestor. Hypothesis 1 furtheBBpume's that the derivation of 
extant genomes involved decrease^;, in FN,?ÍN and proportion of telocentric chromosom® 
and cellular DNA content from an ancestral genome with high values for each of these 
parameters. Hypothesis 1 finally assum ^that the galeoid sharks are a sister group to all other 
living elasmobranch groups examined.

Hypothesis 2 (Fig. 7b) does not rule out the possible involvement of eupolyploidy 
followed by diploidization in the origin or elaboration of the major elasmobranch groups 
from some common ancestor. Under this assumption the proportion of telocentric chromo­

somes might be a more conservative parameter than the NF. Thus, the genome of 
Notorynchus, among the species we have examined, could represent most accurately the 
genome of the ancestral species from which other groups were derived. Hypothesis 2 assumes 
that the ancestral genome for living elasmobranchs wa«imilar to that of Notorynchus in FN, 
2N, and proportion of telocentric chromosomes, and DNA content and the origin of the ances­
tral squaloid, batoid, and galeoid genomes involved an increase in the FN.

Analysis o f hypothesis 1: Under this hypothesis the ancestral genome for living 
elasmobranchs possessed a high FN (^  136), highgN ( ^  128) and proportion of telocentric 
chromosomes ( fi.92) and high DNA content (^20pg/2N). Thulpthe primitive species that 
we have examined exhibited a mosaic of primitive and derived valuesffor these cytogenetic 
parameters. Notorynchus was primitive for proportion of telocentric chromosomes (0.92) but 
derived for FN (112) and DNA content (8,8pg/2N; Fig. 1). We have used the expression pg 
DNA/2N to refer to the cellular DNA content G0 or Gj diploid cells. Heterodontus was 
primitive for FN (128), proportion of telocentrics (0.75), and DNA content (17.5pg/2N; Fig. 
2). Triakis was derived with respect to FN (122-124), proportion of telocentrics'(0.25-0.29) 
and DNA content (9.6pg/2N; Fig. 3). Squalus was primitive for FN (120) and DNA content 
(14.0pg/2N) but derived for proportion of telocentric chromosomes (0; Fig. 4). Squatina was 
primitive for proportion of telocentric chromosomes (0.70) and DNA content (18.6pg/2N; 
Fig. 5), but derived for FN (114). Rhinobatos was primitive for FN (136) but derived with 
respect to the proportion of telocentric (0.52) and DNA content (8.0pg/2N; Fig. 6). 
Surprisingly, Squatina and Notorynchus were more closely related by this hypothesis than 
might be conceded by some morphologists.

Analysis o f hypothesis 2: Geological data and the conclusions of some morphological 
studies have suggested that the hexanchids (.Notorynchus) could be very primitive elasmo­
branchs with a separate and perhaps remote origin from that of other extant groups. If this 
conclusion is true and these species have been “frozen” in their level of diversification for 
150 x 106 years (Schaeffer, 1967), then they might represent an earlier stage in the phylogeny 
of elasmobranch genomes than other living species. Consequently the number of genomic
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changes separating the major groups of living elasmobranchs, including perhaps cycles of 
eupolyploidy followed by diploidization, might be greater than envisioned under Hypothesis
1. The residual effects of polyploidy followed by diploidization in the evolution of the 
chordates appear to be increased DNA and increased FN.

Hypothesis 2 was constructed to examine major elasmobranch group relationships, 
based on an increasing FN in the primitive species. Under this hypothesis 
Squalus, and Heterodontus are derived specif! with respect to FN and Squatina along with 
Notorynchus are primitive. Although Hypothesis 2 is more satisfying from the point of view of 
Compagno’s studies (1973, 1977), Hypothesis 1 appears more probable in relation to the 
genetic mechanisms assumed. Of course other hypotheses based on our cytogenetic data are
possible. , . .. , ■

The batoids and galeoids have been reasonably well represented in our studies but the
squaloids, hexanchids, and batoids were each represented by a single species. Consequently 
we have been unable to estimate the extent of variation of the values of cytogenetic parameters 
between species in these groups and unable to identify phylogenetic trends in these groups by 
which we could extrapolate to the cytogenetic parameters of ancestral squaloids, hexanchoids, 
or squatinoids. Additional data from even a single species from each of these groups (a single 
species from the hexanchoids and squatinoids is all that can reasonably be expected from 
North American waters) might provide valuable insights into the value of conventional 
cytogenetic data for reconstructing elasmobranch phylogeny.
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T able 1 Data o f  the effects of air negative ions on chromosomal aberrations induced by r-rays  in  mouse bone m arrow  cells
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T a b l e  2 Data of the effects  of air negative ions on SCEs induced by 
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Studies of A ir N egative Ion Protection-from  the Chromosome 
Aberrations and SCEs Induced by y-rays in M ice

Guo Xuecong Liu Lingyun Liu Yan Di Shaojie Fei Qing
;  ( Department of Biology, Beijing Norm al U niversity )

Zhou Ruiying Xie Lin Guo Yue
{The Institute of Low Energy Nuclear Physics, Beijing N orm al U niversity)

A b s t r a c t

In view of the fact that the air negative ions have good effect on medical treatment and 
health, we consider it rather difficult to study directly about the effect of the air negative ions 
on the chromosomes and DNA. It has been known that the D N A  is an important target mo­
lecule of radiation, so this paper presents an exploration through the effect of radiation to see 
whether the air negative ions would protect the chromosomes and DNA from radiation da­
mage. The Kunming mice were used as the experimental animals (male, average body weight: 
ca. 12g). According to the same degree of body weight, the 302 mice were divided into six 
cages at random. These mice were reared in two rooms built in the same style. Three cages 
of mice were put in one room provided with the air negative ions, while the other three were 
put in the other room provided with the same amount of the ordinary air as the air negative ions. 
In doing so 70 days running, these mice were exposed to y-rays. After radiation they were 
killed at 2, 4, 8, 12, 16, 20, 24, 36, and 48 h respectively, and their bone marrow cells were 
used to make the chromosome preparations, then various aberrations and SCEs of chromosomes 
and chromatids were examined under microscope and statistical analysis was made. The experi­
mental data showed that there is a protective function of air negative ions on the chromosome 
damage induced by radiation.

Received May 10, 1985.
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890 ^ s c d  m& s c e m * % o . 527 ± o . 129. m r m m c

1 .1 8 -1 2 .8 4 , t k X iM it t o T  1 .24-23 .37 /
@r. c p  1. 84—3.96, W M M t o r  2. 50—6.51 u d

Table 1 SCEs freq u en cies induced by MMC and CP

MMC

CP

M Ji
(jig/ml)

0 .0 0 5
0.01
0 .25
0 .5

1.0
1 .5
2.0
3 .0

8
4
3
4

S CD-2

229

193
183

185
91

128

155
114

142

s c e s / m m

< x ± SD)

0 .527  ± 0 .129

1 .1 8 0 ±  0 .067  

2 . 4 6 8 ±  0 .552  
5 .5 3 2 ±  1 .549  

12.843 ± 1.114

1 .8 4 3 ±  0 .016  
2 .3 0 6  ± 0,527  

3 .206  ±  0 .191  

3 .959  ± 0 . 5 4 3

< 0.001
< 0.001
< 0.001
< 0.001

< 0.001
< 0.001
< 0.001
< 0.001

CP(2.0pg/ml)
M M C (0 .5 n g /m l)

F ig . 1 Lym phocyte m etaphases of M. albus (arrow s show ing SC E s)

0 1 1 ¥ MC ^  c p SCE

s c e  M & m m & m ,  m m  c p  e &
MMC ^  0 .25pg/ml
l|J § f CP &  2 . 0 n g / m l
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Table 2 SCEs frequ en cies induced by a cleaner and a w ashing  

powder in v itro  in lym phocytes o f M.  a l bus

$t  a &
(pg/ml)

SCD-2
‘J’ Wlffi»

SC E  Üc/celt 
X x ± S D )

SCEüc/SSfift 
( x ± S D ) P

s i  ra 0 3 94 0.821 + 0 .072 0.035 ± 0,003 ' . “

*  t s  ß 0 .2 8 91 1.713 ± 0.141 0.071 ± 0 .0 0 6 < 0 . 0 1
0 .6 3 92 2 . 3 4 7 ± 0 .300 0.098 ± 0.012 < 0 . 0 1

t* *  » 0 .2 8 96 2 .4 4 $ ±  0 .424 0.102 ± 0.018 < 0 . 0 1
0 .6 3 94 3 . 2 3 6 ± 0.147 0 .1 3 5 ± 0 .006 < 0 . 0 1

ig 2 M m , o . 2 mo .6 Hg/ml W, KjiJBJMIIS SCE $ 0 $  , 

MW 3.0—3.9 { £ £ £ .  0.2(ig/m l

mi£

jic/4-BUdR
10 fig/ml,

SCE M % BUdR 8— '
M ^ l  öJB , U lSjfii^E & IIS SCE 0.527

S C E s / c e l l , ^ f l j l i 0 f f ö W ^ i # E ^ S i  SCE § £ » ( 0 . 3 2 6  SC E s/celP ’) 
M Ä  SCE § £ »  (0.541 SCEs/cell) # Ä -^ I^ ^ X fp ä fT b b ^ ^ im -
( ^  3) , l t t i W § £  SCE Ameca splenden &

8 -9  fö. | | s s c e

s c e  § £ » m « 7K ¥, a  ?t M M i f  w - i^ T f ij  m * .
W k SCE MMC M £ M M E M  SCE , £  SCE

1.2v 3 .7 , 9 .5 , 23.4 | p  CP M  W 2 .5 , 3 .4 , 5.1,.
6.5 f e m  1). MMC,CP
¿ i W I M I # ? 4 S C E .  & ik ,* i \ä r n
lAÄ-llbbA, SCE
w m i k ^ t .

M B !  c p  & s ,  e m
l*Wfa&9

m  s c e  m m  (p <o. ood.
m & M m i m M K m m m
M^S.

§ H H M i p  I K  i — ̂ATn
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* 3
Table 3 Comparison of the spontaneous SCE frequencies 

between M t a lbusand other animals

m ® BUdRMI&Cpg/ml) SCE*/cell(x ± SD> S C E »/Jk ft# x Wi m ^
A ftitiB iH ®

8 5 . 7 4 1 0 . 4 2 0 . 1 2 5 13

5 5 . 0 2 1 0 . 1 6 0.11 16

7 2 . 6 9 1 1 . 3 6 0 , 1 4 6 17

15 6 . 8 6 1 1 . 0 5 18

0 . 0 7 7 — 6 . 1 7 . 9 — 1 5 . 2 0 . 3 6 — 0 . 6 9 14

6 5 . 6 6 1 2 . 0 0 19

5 4 . 6 2 1 0 . 3 2 To
Ameca Splendcnft m ® % 4 . 6  . 5 . 0 7 1 0 . 4 2 15

m s  » e a r n 8— 10
0 . 3 2 6 1 0 . 1 3 3 0 . 0 1 4 1 0 . 0 0 5 9

0 . 5 2 7 1 0 . 1 2 9 0 . 0 2 2 1 0 . 0 0 5 •

■ * 4  CPi^& SCEIH^tbii
Table 4 Comparison of the SCES frequencies induced by MMC 

and CP between M. albus and other animals

m  ®
m m n & M M . SCE St / f f l l ® < x ± S D >

( p g / m l ) nm

13? £
x m m ^

A M B a a ®
0.01 4 . 4 6 1 1 . 1 9 1 2 . 8 8 1 3 . 0 1 19

0 . 0 5 5 . 0 2 1 0 . 1 6 8 . 5 1 0 . 6 5 16

*ftjfii#m an® 0,01 5 . 6 6 1 2 . 0 0 2 3 . 5 8 1 0 . 8 6 19

MMC
Ameca Splenden 
.ft m » . 0 . 0 3 5 . 0 7 4 3 . 0 15

a i t u 0.012 4 . 6 2 1 7 . 6 0 10
m S * # B iff l® 0.01 0 . 5 2 7 1 0 . 1 2 9 2 . 4 6 8 1 0 . 5 5 2  :

AftittBaa®
0.001 5 . 5 8 1 0 . 4 4 6 . 1 7 1 0 . 2 7

21
C P

0 . 0 0 1 1  5— 9 5 . 1 4 1 0 . 3 7 8 . 3 2 1 0 . 5 4

26 +  5— 9 1 3 . 4 6 4 5 . 7 2 20
im A s m a a ip * 1.0 0 . 5 2 7 1 0 . 1 2 9 1 . 8 4 3 1 0 . 0 1 6
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AN IN VITRO SCE DETECTING SYSTEM OF 
CHROMOSOMES IN M m ALBUS AND ITS USE IN THE 

ASSAY OF MUTAGENICITY OF DETERGENTS

Di Shaojie, Liu Lingyun
m (.Departm ent o f  B io lo g y  , B e ijin g  Norm al U n iv e rs ity )

ABSTRACT

The sensitivity of sister chromatid exchanges (SCEs) of blood lymph­
ocytes of Af* gibus was tested with different dosages of mitomycin C  
(MMC) and cyclophosphamide (CP), using  SCE analysis technique. The re­

su lts  showed that the spontaneous frequency of SCEs was quite low 
(0.527 SCEs/M. P). However, the frequencies of SCEs induced with MMC 
or CP increased by 1.24 to 23.37 times and 2.50 to 6.51 times respective­
ly, comparing to the control group. The SCEs induced by MMC and CP 
in Af. albus were much more sensitive than those in other animals. The 
technique was used to assay the mutagenicity of detergents and it was fo­
und that a cleaner and a washing powder at concentrations of 0.2 to 0.6 
Hg/ml could cause significant increase in frequency of SCEs.

Keywordst SCE> detecting system» fish» detergent.
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Table 1. Summary of perc 
used to predict fish yield

ASSESSMENT OF FISH POPULATIONS AND abies.
MEASUREMENT OF ANGLER HARVEST ---- ----------------------

Indices as Predictors of Fish Community Traits
R obert F. Carline

Ohio C ooperative Fishery Research U nit1 
The O hio S ta te  U niversity  

Colum bus, O hio 43210

A bstract

Objectives of this paper are to review the use of indices as predictors of fish standing crops, 
yields, and community structure and to outline some alternative approaches to reservoir research. 
Considerable progress has been made in predicting standing crops and yields in lakes and reservoirs 
from relatively simple indices. Earlier work relied mostly on abiotic variables, but more recent 
studies have incorporated biotic parameters into predictive indices. Present models may account 
for over 90% of the variability in yield or standing crops from a subset of lakes. In contrast, little 
progress has been made in relating fish community structure to environmental variables. Different 
ways of describing community structure should be explored. Besides taxonomic groupings, fishes 
can be grouped by trophic level, by habitat use, and by reproductive mode. Relating community 
characteristics to environmental variables may be best accomplished by first classifying reservoirs 
according to major habitat features and then proceeding with analyses of individual classes.

In this paper I review some uses of indices as 
predictors of fish community traits, specifically 
standing crops, yields, and community structure, 
and suggest approaches to reservoir biology that 
merit further attention. Community is used in 
the broadest sense throughout the paper to in­
clude all game and nongame fish species.

Indices can be labeled descriptive or predic­
tive. Fisheries biologists have long used descrip­
tive indices to characterize various attributes of 
fish populations. For example, catches of young- 
of-year (YOY) have been used as indices of re­
cruitment and gonad to body weight ratios have 
been employed as indices of maturity. Such de­
scriptive indices can be particularly useful when 
the attribute of interest cannot be easily mea­
sured. At the community level, indices have been 
used to describe species diversity in a variety of 
ways (Pielou 1977). While such tools have un­
doubtedly been useful in describing populations 
or communities, perhaps the most valuable use 
of indices has been as predictors of community

' The Unit is jointly sponsored by the U.S. Fish and 
Wildlife Service, Ohio Department of Natural Re­
sources, and The Ohio State University.

traits, such as standing crops and yields. I use 
index to denote a simple or transformed variable 
or a small set of variables expressed as a formula.

Over the past 15 to 20 years considerable prog­
ress has been made in predicting fish standing 
crops and yields from a variety of aquatic hab­
itats. Early attempts at correlating fish standing 
crops to environmental variables were motivat­
ed by the need to predict carrying capacities of 
proposed reservoirs (Rounsefell 1946). More re­
cently, development of this predictive capability 
has been fervently pursued, because it provides 
biologists with a basis for estimating yields and 
thus formulating management plans. Ideally, in­
dices derived from one or a few readily obtain­
able measurements would be all that are needed 
for making predictions about individual systems. 
Use of readily measured variables is particularly 
important to reservoir biologists, because the size 
and complexity of impoundments make inten­
sive assessment surveys expensive.

Development of predictive indices does not 
require an understanding of how fish commu­
nities function nor are large amounts of data es­
sential. Alternatively, reliance on complex math­
ematical models for predictions requires 
quantitative descriptions of important biotic and

Independent variabl

Length of growing season; annual ot 
line development index; TDS
* Abbreviated variables are MEI -
* S * single-variable model; M * 

variable giving the best predictions
* Some data from lakes were inclu 
4 Some data from reservoirs were

abiotic interactions. While t 
ceived a great deal of atten 
been successfully managed s 
such models (Walters 1980). 
of reservoir dynamics is still 
construction of detailed mo 
plified models may adequatel

46



Illinois Natural History Survey 
Special Publication 5 September 1986

Assessing Biological Integrity in Running Waters 
A Method and Its Rationale
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Kurt D. Fausch 
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UTILIZATION OF BENTHIC-FEEDING FISH BY INLAND 
BREEDING BALD EAGLES1

D ennis D. H ayw o o d2 a n d  R obert D. O hm art  
Center for Environmental Studies, Arizona State University, Tempe, Arizona 85287 USA

Abstract. Prey utilization was investigated at 11 Bald Eagle (Haliaeetus leucocephalus) nests in 
Arizona over a five-year period beginning in 1978. Visual observations of prey species delivered 
to the nest and those found in prey remains were in good agreement. Fish, primarily channel catfish 
(Ictalurus punctatus) and other benthic-feeding fish, composed 77% of the prey items found at the 
nest. Diurnal timing of capture of fish was not found to vary significantly. Measurement of river- 
bottom profiles at 22 foraging sites yielded similar physical characteristics. Such characteristics 
indicate a strong relationship between river-bottom profile and acquisition of benthic-feeding fish 
by Bald Eagles.

Key words: Bald Eagles; prey utilization: Bald Eagle food habits; southwestern Bald Eagles: 
Arizona Bald Eagles; channel catfish; carp.

INTRODUCTION
A small breeding population of Bald Eagles 
( Haliaeetus leucocephalus) occurs along the Salt 
and Verde rivers in central Arizona and their 
associated tributaries. This population is 
unique because it occupies the southern extent 
of the species’ range and breeds in a desert 
riparian environment. Prey utilization by in- 

■ land breeding Bald Eagles is well documented 
(Lincer et al. 1979); however, little has been 
published on prey use by this desert-dwelling 
population. Our objectives were to determine 
diet composition, to compare prey use with 
that from other regions, and to examine for­
aging behavior to determine what aquatic hab­
itat was used in foraging. This study was con­
ducted in order to provide baseline information 
needed by agencies to evaluate potential effects 
of proposed construction of water-storage and 
flood-control dams on major Arizona water­
ways.

STUDY AREA
The study area was along the Salt and Verde 
rivers in Arizona, covering approximately 160 
km upstream on each river from the Salt-Verde 
confluence. General locations of the 11 nest 
sites studied are presented in Figure 1. The 
Salt River drains the western White Mountain 
area and the eastern Mogollon Rim. The Verde 
River drains the western Mogollon Rim and 
the central mountains. Several water im­
poundments occur on these waterways, but no 
active nest site is known to occur at any of 
these impoundments. Vegetation of the areas

1 Received 15 September 1984. Final acceptance 9 Sep- 
tember 1985.

2 Present address: Arizona State Game and Fish De­
partment, 2222 W. Greenway Road, Phoenix, Arizona 
85023.

surrounding each nest site is that found in the 
Lower and Upper Sonoran Life Zones (Lowe 
1964).

METHODS
Eleven nests, composing the entire Arizona 
breeding Bald Eagle population known during 
the course of this study, were observed from 
the 1976 breeding season through the 1982 
breeding season. Two to three observers were 
stationed at inconspicuous, yet advantageous, 
lookout points at each nest site. Radio com­
munications between observers at several nest 
sites aided in visually tracking the eagles. All 
flight paths, perches, and foraging sites were 
drawn on 7.5-min USGS topographic maps. 
Foraging sites were defined as the precise lo­
cation where a prey capture, or attempted prey 
capture, was observed.

Preliminary observations indicated that Bald 
Eagle pairs were habitually foraging from the 
same general areas of free-flowing water. In 
order to examine what characteristics of the 
aquatic habitat may be important to foraging 
success, we determined river-bottom profiles 
for 23 foraging sites by recording substrate, 
bottom depth, and water level at 1.5-m inter­
vals. Substrate was classified into nine cate­
gories as defined by Trihey and Wegner (1981).

From 1978 to 1982, prey remains were col­
lected during banding of young, from adult 
foraging sites, and from in and around all 11 
active nests after all birds had dispersed. Prey 
was identified from characteristic fur, bones, 
and body parts. When multiple numbers of 
body parts of a given species were present at 
one time and place, the greatest number of the 
same body part was used to determine the 
number of prey individuals present. This 
method was evaluated by comparison with re­
corded observations of adults returning to the 
nest with prey. At the time of delivery to the

[35]



Selection of Microhabitat in Summer by Juvenile Atlantic
Salmon (Salmo salar)

D. L. Morantz, R. K. Sweeney, C. S. Shirvell, 1 and D. A. Longard
Department o f Fisheries and Oceans, Fisheries Research Branch, P.O. Box 550, Station "M", Halifax, N.S. B3J 2S7

Morantz, D. L., R. K. Sweeney, C. S. Shirvell, and D. A. Longard. 1987. Selection of microhabitat in summer 
by juvenile Atlantic salmon (Salmo salar). Can. ). Fish. Aquat. Sci. 44:, 120-129.

This study was designed to define the microhabitats selected in summer by juvenile Atlantic salmon (Salmo salar). 
Curves were developed describing the preference of 880 young salmon for. water velocity at the fish's position 
(nose velocity), mean water column velocity, total water depth, and stream substrate size. Study sites were chosen 
in six morphologically diverse streams in Nova Scotia and New Brunswick during 1982—84. Of the four variables 
measured, only nose velocity chosen by both fry and parr was not significantly different among years or rivers. 
Atlantic salmon fry (<65 mm) most frequently selected nose velocities between 5 and 15rcm*s~\ small parr 
(65-100 mm) between 5 and 25 cm- s ”1, and large parr (>100 mm) between 5 and 35 cm - s '1. Apparently, 
juvenile salmon utilized water depths and stream substrates which varied within tolerable limits according to their 
availability in conjunction with preferred water velocities. Significant differences in the body shape and size of 
the pectoral fin of Atlantic salmon parr in different rivers did not influence the selection of nose velocities within 
the range of flow conditions sampled.

Cette étude avait pour objectif la définition des microhabitats choisis l'été par les jeunes saumons atlantiques 
(Salmo salar). Des courbes de préférence en fonction de la vitesse de l'eau à la position du poisson (vitesse devant 
le nez), de la vitesse moyenne de la colonne d'eau, de la profondeur totale et de la granulométrie du substrat, 
ont été calculées avec 880 saumons. Les stations ont été choisies dans six cours d'eau à la morphologie différente, 
en Nouvelle-Écosse et au Nouveau-Brunswick, en 1982 — 1984. Des quartre variables mesurées, seule la vitesse 
de l'eau devant le nez choisie par le fretin et les tacons ne marquait pas de différence significative d'une année 
à l'autre ou d'une rivière à l'autre. Le fretin (<65 mm) choisissait le plus souvent des vitesses comprises entre 5 
et 15 cm*s"1, les petits tacons (65-100 mm), entre 5 et 25 cm-s-1 et les gros tacons (>100 mm), entre 5 et 35 
cm*s \  Apparemment, les jeunes saumons choisissaient des profondeurs d'eau et des substrats qui variaient à 
l'intérieur de limites tolérables, selon la disponibilité et en fonction de la vitesse d'écoulement de l'eau préférée 
par les saumons. Les différences significatives de morphologie et de taille de la nageoire pectorale chez les tacons 
de différentes rivières n'ont eu aucun effet sur le choix de la vitesse de l'eau au bout du nez à l'intérieur de la 
plage des conditions d'écoulement échantillonnée.

Received lanuary 22, 1986 
Accepted August 17, 1986 
(J8658)

Stream discharge, particularly during the spring and sum­
mer, can substantially influence the size of Atlantic 
salmon (Salmo salar) parr populations (Frenette et al. 
1984), possibly by determining a stream’s depth and 

velocity. Water depth, water velocity, cover, and stream sub­
strate have been shown to limit standing stocks of some warm- 
water fish species (Orth and Maughan 1982) and to correlate 
with the abundance or biomass of trout (Lewis 1969; Binns and 
Eiserman 1979; Stalnaker 1979). Although descriptions of ju­
venile Atlantic salmon habitat requirements are abundant in the 
literature (Saunders and Gee 1964; Elson 1967; Gibson 1978; 
Symons and Heland 1978; Rimmer et al. 1984), only Shirvell 
and Morantz (1983) and Trial and Stanley (1984) have pub­
lished habitat suitability curves for this species. It is unclear 
from this existing information whether or not juvenile Atlantic 
salmon consistently choose similar microhabitats among differ-

1 Present address: Department of Fisheries and Oceans, Fisheries 
Research Branch, 417 2nd Avenue West, Prince Rupert, B.C. 
V8J 1G8.

Reçu le 22 janvier 1986 
Accepté le 17 aoûl 1986

ent rivers. This determination is vital to the protection and 
management of salmon habitat because physical stream charac­
teristics important to the successful rearing of young salmon 
must be appropriate to the population in a particular river.

In recent years, the recognition of fish habitat preferences 
has led to the development of habitat simulation models, partic­
ularly the “instream flow incremental methodology” (IFIM) 
(Bovee 1982), designed to quantify available habitat for given 
species of fish. The use of IFIM requires that water velocities* 
water depths, and stream substrates (or cover) used by a species 
be quantified into habitat suitability curves. The use of such 
curves may be valid only if they are developed from the study 
stream itself unless it has been demonstrated that existing 
curves are appropriate due to the “universality” of microhabitat 
selection by the species in question. The consistency of habitat 
selection by brown trout {Salmo trutta) among six streams led 
Shirvell and Dungey (1983) to infer that these fish choose 
similar habitats in all rivers. Conversely, Atlantic salmon juve­
niles occupied different habitats between two Maine streams 
(Trial and Stanley 1984), apparently because of different hab-

120 Can. J. Fish. Aquat. Sci., Vol. 44, 1987
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INTRODUCTION

Historically, the Salmon Trout River has been best known for its coaster brook trout 
( Salvelinus fontinalis). However, in the past 20 years numbers of these large lake-run brook 
trout have declined. There is now considerable interest in developing a management plan to 
increase the abundance of these trophy fish.

This report describes the Salmon Trout River, its past and present fish populations, the 
related sport fishery, and the coaster brook trout itself. Also discussed are reasons why the 
Salmon Trout has been, and can continue to be, an excellent coaster stream and factors which 
may have caused the long-term decline in brook trout abundance. Finally, several specific 
recommendations are listed for management of the coaster population in this river and nearby 
coastal waters of Lake Superior.

Because of the private ownership of most of this watershed, minimal physical and 
biological data have been collected by state biologists. Thus, some sections of this plan are 
brief and lacking in detail. Fortunately, the Huron Mountain Club has employed several 
consultant biologists during the past 50 years. Their recorded data form the basis of this plan. 
Other information on volume of flow, water temperatures, and angler catches have been 
collected by foresigh ted club members. Additional data on stream flows and water chemistries 
were obtained from the U. S. Department of the Interior, Fish and Wildlife Service, Marquette 
Biological Station (Sea Lamprey Control). Finally, a public meeting was held in Marquette to 
obtain the benefits of opinions and experiences of anglers who had fished for coasters for many 
years.

ENVIRONMENT

The Salmon Trout River, a tributary of Lake Superior, is located in northwestern 
Marquette County approximately 30 miles north and west of the City of Marquette, Michigan. 
Except for the uppermost reaches, the mainstream and most tributaries lie within the 
boundaries of the Huron Mountain Club, a privately owned and exclusive organization 
managed primarily to provide outdoor recreation for its members.

The Huron Mountain area consists of a series of high hills and granite outcroppings. 
Soils in the lower watershed are relatively thin but stable because of the forest cover. The 
upper watershed grades from flat to rolling terrain of predominantly sandy soils.

Most of the lands within the club boundaries and in the Salmon Trout watershed are 
heavily forested, many with virgin timber. Northern hardwoods, hemlock, and red and white 
pine are common in upland areas. Lowlands are covered with a wide variety of woody 
vegetation including white birch, white cedar, balsam fir, spruce, tamarack, and tag alder.
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Extensive timber harvest has occurred, and is continuing, in the upper watershed outside of the 
club boundaries.

The stream begins about 10 miles south of Lake Superior in an area known as the Yellow 
Dog Plains. The two main branches (east and west) flow northerly for approximately 7 stream 
miles before joining and forming the mainstream. The upper portions of these branches flow 
first through relatively flat, then rolling terrain, until entering the Huron Mountain Club lands. 
Upon reaching Sections 15 and 16 of T51N, R28W, the branches and mainstream begin 

( dropping rapidly, falling over 300 feet in the last 14 river miles. Most of this rapid decent (260
feet) occurs between the club boundary on the West Branch and the lower falls, a distance of 

| approximately 7 river miles. There are several major falls and two dams within this stretch.
The upper falls (T51N, R28W, Sec. 15) is on the West Branch about 0.5 mile above the 
junction with the East Branch. The middle falls (T51N, R28W, Sec. 14) is approximately 
1 mile downstream from the junction of the two branches, and the lower falls (T51N, R28W, 
Sec. 13) is about 2 miles below the middle falls. Sheet Rock Falls is approximately 300 feet 
upstream from the lower falls. The upper dam (T51N, R28W, Sec. 15) is almost immediately 
below the junction of the west and east branches. The lower dam (T51N, R28W, Sec. 13) is 
approximately halfway between the middle and lower falls. A flat area between the middle and 
lower falls is known as The Meadows.

The lower falls is the first permanent barrier encountered by fish migrating upstream 
from Lake Superior. Under certain flow conditions brook trout and other salmonids have been 
observed ascending this falls. However, within approximately 300 feet the Sheet Rock Falls is 
encountered, which effectively blocks all further upstream fish movement.

Finally, the river flows a distance of almost 9 miles from the lower falls to Lake 
Superior. Most of the stretch is characterized by moderate velocities and increased meandering 
of the stream channel. The lowermost stretch (1.5 miles) flows slowly through tag alder marsh 
flats before entering Lake Superior.

Little information has been recorded about the east and west branches. These branches, 
and their many small feeder streams, originate at the base of a moraine which separates this 
drainage from the Yellow Dog system, located to the south and east. The base flows, even in 
midsummer, appear stable. The water is colorless and slightly alkaline. The pH of the main 
branches and selected feeder streams ranges between 7.4 and 7.8. Methyl-orange alkalinity of 
the West Branch on September 19,1985, was 58 mg/L.

Clear and Snake creeks are clear spring feeders joining the Salmon Trout mainstream just 
above the lower dam. Both have stable flows and contribute significantly to the mainstream 
flow. No records of flow measurements exist.

Only four tributaries enter the mainstream below the lower falls. Their characteristics 
are noticeably different from those found in upstream waters. Spring Creek, a small, short
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seepage tributary is almost dry in summer months. A flow volume of 0.5 cfs was recorded on 
May 17, 1983. This water is more alkaline than that in other tributaries (pH 7.7-8.1, total 
alkalinity 85—92 mg/L). Murphy Creek enters the mainstream from the east about 1 mile 
above County Road 550. It too becomes dry in summer and flows only after snowmelt or 
rainfall. Recorded pH and alkalinity values have a range of 6.8-7.2 and 12-92 mg/L, 
respectively. Measured flows in Conway Creek have varied from 3.0 to 5.5 cfs in May and 
June but decline later in the summer. This water is stained and slightly acid (pH 6.2-6.5, 
alkalinity 16-25 mg/L). Sullivan Creek is very similar to Conway Creek with low summer 
flows, a stained color, and slightly acid water. None of these lower river tributaries provide 
significant spawning habitat or other productive environments for anadromous fish.

Water temperatures in the Salmon Trout mainstream seldom rise above 70 'F at County 
Road 550 Bridge. In fact, during most years when temperatures were consistently recorded 
(1971-1975) the water rarely exceeded 65 *F. Daily temperature fluctuations vary seasonally 
and usually are within 3-7 'F but range with occasional differences up to 10 'F. Although not 
recorded, winter temperatures are undoubtedly warmer than in most other area streams due to 
the same considerable groundwater seepage in the upper watershed that keeps the water cool in 
summer months. These temperatures make the river system well suited for brook trout 
production. The surrounding mature forest, relatively undisturbed watershed, and extensive 
headwater spring seepage are significant factors in maintaining this vital stability not often 
found in Lake Superior tributaries.

Water chemistry of the mainstream is reflective of its tributaries. It is a slightly alkaline 
stream with May-September (1959-1985) pH values ranging from 7.5 to 7.8 at County Road 
550. Total alkalinity readings were between 44 and 70 mg/L. Measurements taken at the lower 
dam on the same days were within these same ranges. Similar values (pH 7.0-8.2 and total 
alkalinities 28-77 mg/L) were recorded in 1938-1939 (Smith 1942).

The steep terrain and relatively thin soil layer covering the extensive rock substrate in the 
lower portion of the watershed cause rapid runoff from rainfall and snowmelt. In addition to 
the high mainstream flows experienced each spring, severe floods have been common even in 
midsummer months as the result of heavy rains. Summer floods occurred at least in 1937, 
1938,1939,1949,1959, 1969, and 1974. These floods caused a rise in water level of 7 to 10 feet 
at County Road 550 Bridge. Records kept during 1973-1975 for the same location indicate 
spring runoff flows typically peak over short periods of time (5-10 days) at heights of 4-5 feet 
above normal. Excluding these seasonal extremes and the major summer floods, the 
mainstream flow remains relatively stable. Short-term rises in the stream level of 1 foot or 
more are not uncommon following rainfall but rarely is the flow less than 35 cfs with a water 
depth of 1.3 feet at County Road 550 Bridge. Flow measurements taken on the same days 
upstream at the lower dam were similar, indicating minimal input from lower tributaries and
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groundwater seepage in this stretch.'These-physical differences in the upper and lower portions 
of the river (divided approximately at the lower dam) are significant to the production of 
brook trout.

Streambed soils vary considerably through the length of the stream. The headwaters 
flow mostly over sand and small gravel until the area of steeper gradient is reached. Exposed 
bedrock and rock rubble then become common until the Meadows is reached where sand and 
silt prevail. Below the lower dam ledge, rock, rock rubble, and sand are prevalent. Between 
the lower falls and County Road 550, sand bed load exists downstream to the vicinity of 
Sullivan Creek. The remaining streambed is firm sand covered with silt. Sand and small gravel 
predominate in the feeder creeks.

Instream cover also varies considerably by area. Small pools, rock ledges, and 
overhanging streambank vegetation are fairly common in the reaches above the lower dam. 
Below the lower falls, large pools on the many river bends provide fish cover. Log jams exist in 
some pools but instream log cover between pools is rare. Below County Road 550, sand has 
filled many pools and cover is limited to undercut banks, stream-side vegetation, and 
occasional logs. The lower 2 miles of stream provide deeper, slower water, and larger pools.

FISH POPULATION

Smith (1942) identified 31 species of fish in the Salmon Trout River. Brook trout and 
rainbow trout ( Salmo gairdneri), northern pike ( lucius), and burbot (Lota lota) were the
only predatory species listed. Pike and burbot were found only in the deeper waters of the 
lower river below the Harrison Pool, located approximately 3 miles upstream from the mouth. 
All species maintained their abundance through natural reproduction although some brook 
trout were planted annually to improve midsummer angling success.

A significant coaster migration occurred in late summer in the 1930’s but was reported by 
Smith (1942) as “greatly diminished, apparently in response to the thinning of the population 
in Lake Superior”.

More recent fish surveys in 1966, 1973, and 1983 found brown trout ( trutta) and 
coho salmon ( Oncorhynchus kisutch) also present downstream from the lower falls. The coho
salmon were successfully reproducing in 1975, but no young brown trout were captured.

In 1983, juvenile steelhead ( Salmo gairdneri) were apparently the most abundant 
salmonid in the lower river (Diana 1983). In October, Diana collected approximately 550 
steelhead (4-5 inches) while capturing only 41 brook trout of all sizes. His sampling occurred 
at several locations above and below County Road 550. A survey by the Michigan Department 
of Natural Resources (MDNR) on October 13, 1966, 1.5 miles above County Road 550
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captured a more even distribution of 34 brook trout (3-7 inches) and 33 steelhead in the same 
size range.

The salmonid population in the lower Salmon Trout River has changed significantly in 
the past 45 years. Brook trout and rainbow trout dominated prior to 1960 with little, if any, 
competition from other species. Both of these fish are anadromous, living most of their life in 
Lake Superior and returning to the river only to spawn. In the 1980’s coaster brook trout 
numbers have declined significantly while rainbow trout (steelhead) have at least maintained 
and perhaps increased their abundance. In some years young rainbow trout may outnumber 
brook trout by at least 10 to 1. Fall spawning species (brook and brown trout and coho salmon 
and chinook salmon ( Oncorhynchus tshawytscha) have increased considerably in the lower
river. Young coho salmon also numerically exceed brook trout in some years although 
reproduction of this species seems highly variable. No records exist to indicate whether total 
fingerling production has changed since 1940.

Brook trout typically spawn in small tributary streams in areas of significant 
groundwater upwellings. Egg incubation, hatching, and fry survival are all enhanced by the 
warmer groundwater during the winter months. Additionally, these smaller spawning streams 
provide excellent rearing habitat for young trout. The lower Salmon Trout mainstream 
contains few groundwater seepage areas and very little small fish habitat. The periodic floods 
also produce a hostile environment for young trout, particularly early spring-hatched brook 
trout. As a result, it is not likely the lower river ever produced large numbers of brook trout 
fingerlings even prior to the increased competition and habitat degradation.

No fish population surveys have been completed on the east and west branches above the 
club boundaries. Anglers report, however, that brook trout are abundant but small (catch size 
range 4-9 inches) in the many headwater creeks. Clear and Snake creeks are also reported to be 
excellent producers of small brook trout.

Between 1910 and 1983 the planting of brook trout represented a major investment by the 
Huron Mountain Club. Fry and fingerling trout (0.5-4.0 inches) were planted prior to 1921 
but most subsequent plants have been yearlings (5-7 inches) or adults (8-9 inches). The 
number of fish planted annually by the club varied considerably but has ranged from 750 to 
1,000 adult trout in recent years. The State of Michigan planted brook trout in the headwater 
areas above the club boundary from 1935 to 1948. Again, sizes and numbers varied from 50 
adults in 1948 to 2,000 fall fingerlings in several years. While it is possible some of these 
planted fish eventually moved down to Lake Superior, their low numbers make it doubtful they 
made any significant contribution to the overall spawning run of coasters.

Although no recent surveys have been completed, it is believed that brook trout are the 
only game fish species found above the lower falls. Angler interviews and personal
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observations above the club boundary-support this belief. The headwater streams provide good 
habitat for brook trout.

THE COASTER FISHERY

Opinions on just when coaster fishing was considered “good” vary considerably with the 
age and fishing experience of the angler. Smith (1942) reported runs were declining in the 
1930’s. More recent comments, however, indicate success was best in the early to mid-1950’s. 
Many correlate a decline in the mid-1960’s with the introduction of salmon to Lake Superior, 
yet the 1969 run was described as “one of the finest seasons recorded.” Others say the real 
decline occurred in the early 1970’s. Regardless of exactly when fishing was good, anglers agree 
fishing success in the 1980’s is considerably poorer than at any time in their memories.

The major problem in determining the extent of the decline is the lack of consistent catch 
or survey records. Fortunately, the Huron Mountain Club maintained member catch records 
during certain years and they provide some insight to variations in coaster abundance. Smith 
(1942) also provides data for the years 1938-1940 on the total brook trout catch. Since the 
catch was separated by week, the number of brook trout most likely to have been coasters can 
be estimated. Smith (1942) states, “With the advance of the season, the peak of fishing 
intensity on the river shifted from the lower dam pond to the sector below Murphy’s. This 
change is due in part to the desire of the fishermen to try for the lake-run brook trout which 
start up the river during the first week of August.” If one estimates that 50% (an arbitrary 
number) of all brook trout caught between August 14 and Labor Day of each year by club 
members were coasters, then some indication of relative abundance can be gained. The above 
method results in an estimate that 270, 384, and 147 coasters were caught annually by club 
members in the years 1938-1940. The 3-year average of 267 may be high or low depending on 
the accuracy of the 50% coaster assumption. Additional coasters were also taken by non-club 
anglers fishing the lowermost river area and the near-shore waters of Lake Superior.

Prior to 1969, the trout fishing season on Michigan streams closed on Labor Day. Since 
then trout fishing has been permitted through September 30 on all streams and longer on 
selected coastal streams. Because the greatest concentration of spawning coasters in the Salmon 
Trout occurs in September, many anglers believe the harvest allowed by the later closure is 
responsible for the decline seen in the club members’ catch since 1973.

Club members’ catch records identified the actual coaster catch in 1969. They noted, 
“one of the finest seasons recorded.” It also was the first year of the extended statewide trout 
season. As of September 7, 1969, the recorded coaster catch was 84, and the total catch 
through September 30 was 125.



Club records for the years 1970-1983 depict an abrupt decline in catch from 81 coasters 
in 1970 to 5 in 1974 but a mild recovery to 24 in 1975. Subsequent records show a relatively 

stable annual catch of 14-30 fish.
Although the above numbers reflect the catch by members of the Huron Mountain Club, 

which could vary for several reasons, they are the best data available. They also coincide with 
angler observations of coaster declines in the Salmon Trout River since at least 1938. If used as 
future goals, they should be remembered as only partial catches. Non-club anglers also fished 
portions of this stream and their catch is totally unknown, although by some estimates, it was 
as high as four times the club members’ catch.

Many anglers relate coaster fishing with streams, however, conversations with longtime 
coaster fishermen indicate some of the best success was experienced in late spring among the 
large rocks or boulders scattered along the Lake Superior shoreline. Coasters apparently prefer 
this type of cover in shoal waters which is common near the mouth of the Salmon Trout River.

Fishing success reportedly declined in the shoal habitat in late June and July but 
improved again in August as the coasters congregated closer to the river mouth prior to 
spawning. These large brook trout were considered easy to catch both in the near-shore areas 
and in the river. The main factors limiting the spring and summer fishery were the 
unpredictable Lake Superior weather and the unprotected boating distance from Big Bay.

Since all adjacent uplands to the lower Salmon Trout River are owned by the Huron 
Mountain Club, public access to the stream fishery is very limited. Legal access to the 
lowermost portion is available via the river mouth by boat from Lake Superior. This area is 
most attractive to anglers in August when coasters first enter the stream and hold in the slower, 
deeper water. This boat fishery is restricted to approximately 1 mile of stream just above the 
mouth. Fishing success in past years has been reported as “good” with most anglers catching 

one or more coasters per trip.
Much of the remaining lower Salmon Trout River is not legally accessible to the public. 

County Road 550 Bridge is used as a legal public access point but only by wading anglers 
remaining in the stream. A legal opinion on the status of this road crossing as access should be 
obtained. Violations of the trespass law are enforced by police officers employed by the Huron 
Mountain Club. Angler trespass across club lands continues but has reportedly declined in 

recent years.
The traditional coaster fishery moved upstream into the shallow, gravel spawning areas 

above County Road 550 as the fall season progressed. Fly fishing for these large brook trout 
was common and most fish caught by club members were released.

Coasters as large as 5-6 pounds have been reported but most fish are in the 1.5-3.0 
pound range (15-20 inches). The largest brook trout caught in recent fall surveys was 20.0 

inches long.
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COASTER BROOK TROUT LIFE HISTORY

Little has been written about coaster brook trout in Michigan. The following summarizes 
what is generally known or believed about coasters. This information was obtained from 
discussions with longtime coaster fishermen, and management biologists, and from MDNR 
district files, research reports, and personal observations.

Coaster brook trout spawn in the stream. Juveniles rear for sometime in the stream 
before migrating downstream to the lake. Manion (1977) recorded a significant downstream 
movement of brook trout in the Big Garlic River, Marquette, County, Michigan. A sea 
lamprey ( Petromyzonmarinus) trap operated over a 12-year period captured 2,896 brook trout
that were moving downstream. Fifty-seven percent were caught during September through 
November and 25% during May and June. Once in the lake, coasters seem to remain in the 
vicinity of the parent stream. They apparently retain some homing instinct as do most 
salmonids and only have to travel short distances when returning to spawn. Fish surveys of 
near-shore Great Lakes waters usually produce the highest catch regardless of season.

Two major hypotheses exist as to the mechanisms which cause juvenile trout to migrate 
to the lake. Many anglers and some biologists believe the coaster brook trout is a distinct strain 
or stock. The difference between coasters and stream brook trout is perceived to be similar to 
the difference between Great Lakes steelhead and rainbow trout. One strain of each species 
migrates to the Great Lakes and returns only to spawn while the other remains non-migratory. 
The observation that some Great Lakes tributaries receive much larger runs of coasters than 
other nearby streams is viewed as circumstantial evidence that some streams contain genetically 
distinct coasters while others hold non-migratory brook trout. A migratory strain in the 
Salmon Trout River would necessarily spawn downstream of the lower falls.

Alternatively, coaster brook trout may be the result of natural reproduction or the 
stocking of young trout producing an instream population which exceeds the carrying capacity 
of the stream. Low, midsummer flows limit the amount of habitat by decreasing the stream 
depth and pool area. Young brook trout are forced downstream to find larger habitat (growing 
room) and end up in one of the Great Lakes. Seasonal floods may also force young trout into 
downstream areas because of insufficient local cover which would provide adequate shelter 
during high flows. If these conditions occur annually, consistent coaster runs would result. 
Thus, the best coaster streams would be those which have the best conditions for natural 
reproduction, a limited amount of cover to hold older (larger) trout, and highly fluctuating 
flows. Fall rains would reestablish suitable flows and permit the larger and older brook trout 
to enter the stream for spawning. This scenario is feasible for the historically good Upper 
Peninsula coaster streams, as these share the following characteristics:
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(1) Extensive natural reproduction of brook trout. Included is the necessity of clean 
gravel of suitable size for spawning, considerable groundwater seepage, and 
minimal competition from other salmonids. Small, stable feeder streams offering 
preferred spawning habitat are often present.

(2) Limited amounts of habitat for larger trout.
(3) Floods and widely fluctuating flows are common.
(4) Access to the Great Lakes, where offshore waters provide preferred habitat.

At this time, sufficient information does not exist to distinguish between the above 
hypotheses for Great Lakes coasters. Wilder (1952) studied migratory (sea trout) and non- 
migratory brook trout in the Moser River System in Nova Scotia to determine if differences in 
coloration, relative size of body parts, meristic counts, weight-length relationships, age and 
growth, or resistance to seawater could be used to distinguish one group of fish from the other. 
He concluded that no evidence was obtained that indicated sea trout and freshwater trout from 
the Moser River System differed hereditarily. Smith (1958) recorded movement of tagged 
brook trout in Ellerslie Brook, Prince Edward Island, during the years 1946-1952. A 4-year 
average of only 16.6% of 3,580 stream-tagged brook trout actually moved downstream into 
saltwater. As one conclusion Smith states, “Data obtained at Ellerslie Brook, as well as those 
reported by other investigators, notably Wilder (1952), argue in support of a contention that 
movements of brook trout from fresh to salt water are basically no more than meeting the 
requirements of trout, with growth, for larger and more suitable living quarters...there appears 
no need to postulate races of brook trout with heritable differences to explain their seaward 
movements and occurrences in salt water.”

Age-growth studies on coasters caught in 1982 in Lake Superior found age-1 fish 
averaging 4.0 inches in total length. Age-2, 7.3 inches; age-3, 11.5 inches; age-4, 14.4 inches; 
and age-5, 18.3 inches. Few coasters live past age 5 which is also typical of rainbow and brown 
trout found in Great Lakes waters. Most mature coasters found in a fall spawning run are ages 
4 and 5.

DISCUSSION

Coaster brook trout have not been studied extensively anywhere in Michigan. The 
following discussion is based on the observations of biologists, fishermen, and members of the 
Huron Mountain Club.

Future progress in understanding the biology of coasters hinges on answering the critical 
question of whether juvenile coasters migrate lakeward due to genetic programming or to limits 
in available stream habitat. Answering this would indicate whether coasters were produced in
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the river above or below the barrier falls,twhat were the most probable causes of their decline, 
and what would be the most productive restoration strategies to employ.

The stocking of relatively large numbers of young brook trout into tributary streams with 
highly fluctuating flows and minimal holding or protective habitat has sometimes been 
coincident with subsequent increases in coaster populations. As mentioned earlier the Salmon 
Trout coaster run in 1969 was reportedly much larger than had been seen since the mid-1950’s. 
Later runs again became smaller. This temporary change in a long-term trend was believed to 
be the result of the Department of Natural Resources planting 25,000 yearling brook trout in 
1967 and another 10,000 in 1968 in nearby Marquette Bay. Following the limited-habitat 
hypothesis, stream conditions may have forced the young hatchery trout downstream to the 
lake. If conditions for natural reproduction were poor, the newly established run of coasters 
soon disappeared unless annual plants continued. This same phenomenon has been observed in 
Lake Michigan tributaries with brown trout. They disappear shortly after being planted in 
certain streams but reappear, when mature, as large, lake-run fish in the fall. This evidence 
supports the above hypothesis, but is far from conclusive, as: (1) a relationship between 
stocking and coaster abundance has not been clearly documented and (2) if it were, the fact 
that stocked fish move into Lake Superior and survive does not permit the conclusion that the 
same phenomenon occurs in wild populations.

Almost every angler has a strong personal opinion as to the cause of the decline in the 
coaster run in the Salmon Trout River. Commercial fishing, lamprey predation, poaching, 
extended trout season, salmon, steelhead, beavers, poor reproduction, sand, no planting, and 
acid rain are among the reasons voiced. In all likelihood, none is solely responsible yet few are 
totally blameless. The coaster decline is probably the result of several factors impacting over a 
period of many years, not one or two catastrophic events.

Because of its life history, a coaster brook trout population could decline as a result of 
problems in either the stream environment or the Great Lakes environment or both. Each 
should be examined separately.

The environment of the Salmon Trout River system has been responsible for making it 
what many consider the best coaster stream in Michigan. It has been a very productive brook 
trout system with stable flows, excellent spring-fed tributaries, and almost ideal water 
temperatures. Natural reproduction has been consistently good. The lower portion of this 
watershed has remained relatively unchanged by man’s influence due to its preservation by the 
Huron Mountain Club. In that respect it is unique among Michigan’s trout streams. The sport 
fishery on the river has been controlled. Steelhead and salmon are denied access to most of the 
stream. But the Salmon Trout River has changed over the years. In several river areas a 
duned, sand bed load indicates excessive and detrimental downstream movement of sand. This 
sand movement appears to have increased significantly in recent years as evidenced by the



obvious front edge of the dune seen below County Road 550 in the lower river. Some of this 
sand apparently comes from eroding stream banks above County Road 550, but much sand is 
also evident in the upper reaches of the east and west branches and their tributaries. The most 
obvious sources in this area are the many logging roads and trails which erode severely with 
each snowmelt and rainfall. Washed-out culverts, fords, and flow diversions across roads by 
beaver dams are allowing tons of sand to enter these once productive headwater feeder creeks. 
Only recently have detailed studies by Michigan research biologists proven and quantified the 
highly damaging effects of such sand movement.

Recently beaver populations have increased dramatically in stream systems throughout 
the Upper Peninsula. The Salmon Trout has been similarly impacted. A new beaver dam now 
extends across the mainstream above Murphy Creek. Other dams block upstream migration 
into Spring Creek, Clear Creek, and Snake Creek. Many dams in upper river areas and 
tributaries outside the club boundaries interfere with fish movement, spawning, and stream 
productivity.

Competition from young coho and possibly chinook and pink salmon has existed at least 
during some years since 1966. Young steelhead continue to be very numerous in the lower 
river. This situation is not unique to the Salmon Trout River nor are the probable results. 
Based on observed changes in brook trout populations in other Lake Superior tributaries, it is 
very likely that mainstream production of young brook trout is significantly less now than it 
was before 1970.

Periodic chemical treatments in the lower river for sea lamprey larvae may have stressed 
the resident fish population to some degree. The first chemical treatment to kill lamprey larvae 
was completed in September 1959. Subsequent treatments downstream from the lower dam 
occurred in 1963, 1971, 1975, 1978, 1983, and 1985. The Salmon Trout River is considered a 
moderate to heavy producer of sea lampreys and must be routinely treated to minimize the 
number of these parasites leaving the stream. Treatments have been completed in May, June, 
or July since 1971 to avoid possible harm to the adult coasters entering the stream in August 
and September.

The extended fall fishing season (September), and thus a proportionally higher harvest 
of coasters in the lower river prior to and during spawning, also could have reduced egg 
deposition and young fish production in recent years. Historical trends in the river harvest by 
non- Huron Mountain Club members are unknown, however, an increase in this could 
conceivably have significantly reduced population numbers.

It is possible that changes in Lake Superior had as great an impact on Salmon Trout 
coasters as those noted in the river. The effect of the sea lamprey in the 1950’s and early 1960’s 
was devastating on lake trout ( Salvelinusnamaycush). It also severely affected other trout, 
including coasters. The use of gill nets also killed coasters in Lake Superior, but poachers using
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illegal, near-shore sets probably/ were'‘more -damaging than the licensed commercial fishery 
which operated in deeper, offshore waters. Large-mesh gill nets are no longer permitted except 
for certain research fisheries. Poaching continues but not to the same degree as in past years. 
As for the river fishery, data on the lake sport harvest are not available, however, an increased 
lake harvest over time could have contributed to reduced population numbers.

Game fish populations in Lake Superior have been restored since the mid-1960’s by 
massive plantings of lake trout, steelhead, brown trout, coho and Chinook salmon, and splake 
( Salvelinusnamaycush x Salvelinus fontinalis). Except in a few instances, brook trout have not 
been routinely planted in large numbers in Lake Superior or its tributaries.

RECOMMENDATIONS

As mentioned before it has been difficult to establish a benchmark of former coaster 
abundance. Yet such a number is highly desirable when attempting to develop management 
objectives. It appears that spawning migrations in the 1930’s could have included as many as 
500-750 adult coasters, perhaps more. The total return in 1969 may have been as high as 300- 
500. Recent years have produced only 15-25% of that abundance.

Based on available information, a reasonable 10-year objective would be to increase the 
instream, spawning coaster abundance to approximately 300 adults. A longer term objective 
would be to increase that number to 750. These numbers include all fish entering the stream to 
spawn, not just those escaping angler harvest. Spawning populations of these magnitudes 
would significantly improve sportfishing success in both near-shore waters of Lake Superior 
and lower Salmon Trout River.

Several programs should be encouraged on the Salmon Trout River both to add to our 
knowledge of coaster brook trout and to improve the population in the river. Fact-finding 
projects that do not influence the fish population could be conducted simultaneously. 
However, management techniques designed to improve the population should be conducted in 
order of priority and evaluated for a reasonable length of time before proceeding to the next 
technique.

The following should be considered as ongoing fact-finding projects:

(1) Detailed records of club members’ fishing effort and catch should be maintained, 
preferably throughout the open season but most importantly for the period August 
1-31. Records should indicate measured length of all brook trout caught in the 
lower river.
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(2) The Huron Mountain Club should consider purchasing and using equipment to 
monitor water chemistry throughout the year. The question of possible increased 
acidity during snowmelt runoff can be best answered by long-term monitoring.

(3) The number and type of spawning beds in the lower river should be counted 
annually following completion of most spawning activity.

¡1 (4) Periodic electrofishing surveys should be conducted in selected mainstream and
tributary areas to document population changes. Population estimates should be 

51 made for all salmonids.

(5) Law enforcement officers employed by the Huron Mountain Club should be 
empowered to enforce State of Michigan conservation laws and rules;

(6) No fish species other than brook trout should be planted above the lower dam. 
Previous plants of rainbow trout have not resulted in natural reproduction but 
other species may reproduce creating undesirable competition.

' (7) Lamprey treatments should continue to be made prior to August when adult
coasters enter the stream.

There are several management procedures that conceivably can improve the coaster brook 
trout population in both the river and in the nearby coastal waters of Lake Superior. They 
should be put into practice in the following order of priority with each procedure being 
evaluated individually: »

(1) The precise identity of coaster brook trout should be determined before any
attempt to change either the abundance or the'genetic makeup of the population.
The specific question to be answered is whether coasters result from spawning by a
migratory strain downstream of the first falls or simply the return of individuals
that have drifted downstream from headwater areas as a result of crowding, 

I
{ floods, • lack of cover, etc. This question could be partly answered byI

electrofishing throughout the length of the river system and using identifying fin 
clips in different locations. Trapping downstream migrants at the mouth of the 
river could then determine origin of individuals leaving the river. This work 
should be supplemented with electrophoresis to determine origin of returning 
adults and whether distinct populations exist above and below the lower falls.
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(2) After the coaster brook trouthasbeen defined, attempts to increase the population 
can be made. First in priority should be improvement of stream habitat by 
maintaining permanent sediment traps and removing beaver dams throughout the 
stream system. Sediment traps should be constructed in the following tributaries, 
with exact locations yet to be determined:

a) Clear Creek: Section 24
b) Snake Creek: Section 23
c) East Branch: Section 5 or 34
d) West Branch: Section 29

Long-term beaver control should include timber management to minimize aspen 
regeneration within 300 feet of tributary streams.

(3) Yearling (6+ inches) brook trout should be planted in early spring in the 
mainstream between the lower falls and County Road 550. A minimum plant of 
5,000-10,000 yearlings should be planted. All planted fish should be marked with 
fin clips. Effectiveness of plants should be evaluated by noting the abundance of 
marked fish in subsequent years’ catches. In years when lamprey treatments are 
scheduled by the U. S. Fish and Wildlife Service, trout plants should be made after 
the treatments.

(4) The Salmon Trout River should be closed to all fishing after September 1 for a 
period of 5 years. At the end of the fifth year, an evaluation of the overall 
effectiveness of this plan should be made. If coaster runs have improved 
significantly, consideration should be given to modifying this closure and 
permitting harvest of larger brook trout.

(5) The magnitude of the harvest of coasters in Lake Superior and in areas of the 
Salmon Trout River which are accessible to the public should be determined. This 
harvest could be a factor limiting abundance in the stream, especially if harvest is 
high, relative to the population size.
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Degree o£ silvering (colouration) .is' often p$ed^Hin index of the degree of smoltification fmm 
sahnoM'Sii To judge the reliantw (S|silBringlp an indica^®)f migratory readine^^^^H 
examined the silvering of wild cohoglmon, Oncorhynchus kisutch, smoH upoffl^lS| into the 
Carnation Creek, British CSimbia, Btuaryv - SilveriM  of^Birants was greater in large* t!sh^HH| 
increased ovei^HRurse of tfimigratory period. Photoperiod appeared to account for most of 
the observed increase in silvering over time; increased sHering was not correl f̂dd with tempera­
ture or lunar phase. Overafl50% of seaward migrants were c o m p le te l ig w , 45OTwereH’a^ 
transitional phJ||, and ®  still retained colouration characteristics of pair. CfflouraBn thus 
appears Mggve limited utility as a reliable indicator of migratory readinesBOur finding&suggest 
that estuarine residence B  important for completion of parr-smolt transformation and that 
acclimation of hatchery smolts in brackish water prior1 to sea water entry may enhance their 
survival. C

I. INTRODUCTION

Anadromous salmonids that grow through juvenile stages in fresh water for 
extended periods undergo a series of marked morphological, physiological and 
behavioural changes in preparation for entry into the ocean (Hoar, 1976; 
Wedemeyer et al., 1980). Prominent among these changes is a distinct change in 
colouration from that cryptic for life in streams (vertical bars or ‘ parr marks 
Donnelly & Dill, 1984) to that cryptic for life in schools in the open ocean (silvery, 
reflective sides; Denton, 1971). In the transition from the freshwater parr to the 
seaward-migrating smolt phase, environmentally cued, hormonally regulated pig] 
ment changes in the skin and scales result in a loss of parr marks,isilvering of sides, 
and blackening of fin margins (Wedemeyer et al., 1980; Gorbman et al., 1982).

Because the parr-smolt colouration change is so obvious, it is commonly used 
as an index of other, less visible changes that occur during smoltification i(|.e. 
migratory behaviour, ability to osmoregulate in sea waterSparticularly in culture 
operations where it has been used in determining when to release sm og (Mahnken 
& Waknitz, 1979). Although silvering, increased salinity tolerance and migration 
generally coincide (e.g. Rodgers et al., 1987), silvering may not be a reliable indi­
cator of smolt status (Kato, 1972; Wedemeyer et al., 1980). In some populations, 
seaward migration occurs prior to complete silvering or sea water adaptation 
(Mitans, 1967, 1970; Clarke et al., 1978). In laboratory studies, Johnston & Eales

*Present address: College of Forestry and Hatffeld Marine Science Center, Oregon State University, 
Newport, Oregon 97365, U.S.A.
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(1968,1970) found that the rate of silvering (|| Atlantic salmon, Salmo salar, smolts 
was aff«ted bB temperature, fisA ize and photoperiod (see also Kazakov & 
Kozlo^ 1985). Moreovef|®has beenBoted thaBmogl migraRig late in the run 
are often more silver|Han earlier migranS(Solomon, 1978||Rodgers et a l , 1987), 
VaBation ii^^Bdegree of silvering Bfpseaward migrants thus appears common; 

Bowever, few measurements of the degree of colour variation present in wild smolts 
have been reported (e.g. Mitans, 1967; Kazakov & Kozlov, 1985). In this paper we 
describe the colour variation of com ; salmon, Oncorhyrichus kisutch, juveniles 
migrating seaward from Carnation Creek, and attempt to account fcfr the obBrved 
effects of size and S le  of migration on the silvering process. Our main objective 
was to judge the reliability of silvering as an indicator of migratory behaviour in 
juvenile coho salmon. We also aimed to increase present knowledge of the smoltifi- 
cation process in wild coho Salmon and therefore provide a firmer ba&il for 
designing strategies to maximize survival of hatchery-released sm o lt |||

II. STUDY AREA

Carnation Creek, a small (7*6 km long) stream that empties into Barkley Sound 
on the west coasSgof Vancouver Island, is accessible to anadromous coho and 
chum, Oncorhyrichus keta, salmon and steelhead, Salmo gairdneri, and cutthroat! 
Salmo clarki, trout. The area is the site of a long-term study to examine the effects 
of logging on coastal rain-forest streams (Scrivener & Andersen, 1984).

Juvenile coho salmon spend 1-2 years in Carnation Creek prior to migrating to 
the sea as smolts in the spring. Since 1971, an average o f3000 smolts have migrated 
downstream from late April to early June (Andersen, 1987).

III. MATERIALS AND METHODS
Seaward migrating coho salmon were captured in fan-traps attached to a permanent fish­

counting fence located near the mouth of Carnation Creek at the uppermost limit of tidal 
influence. All migrant fish were captured until stream-flows exceeded 6 m3 § 1; subsamples 
were obtained at higher flows (Andersen, 1987). Beginning 1 March, fish were removed 
from traps every morning (08.00-10.00 hours) with more frequent removals during periods 
of high stream-flow or high fish numbers. Fish were anaesthetized in a 2-phenoxyethanol 
solution (1:4000), their colouration examined, and fork-length (f .l .) measured to the 
nearest mm. The anaesthetic had no detectable effect on colouration. Colouration (degree 
of silvering, fin colour, presence/absence of parr marks) of migrants was categorized 
according to visual criteria adapted from those described and illustrated in Gorbman et al. 
(1982):

parr—orange fin colour; parr marks dark and clearly evident; little or no silvering 
of sides.

transitional—sides silvery but parr marks still visible; fin colour clear or yellowish 
[also referred to as silvery parr e.g. Johnston & Eales (1970)].

‘ true ’ smolt-—parr marks almost or completely obscured by silvering; caudal and 
dorsal fins clear with black, well-defined margins; eyeball diameter smaller, with 
surrounding integument silvery.

The colouration of 1449 (73%) of all migrants was examined; the remaining 27% coni 
sisted of fish which were removed from traps at night when colouration could not be
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SOME PHILOSOPHICAL PROBLEMS 
IN ENVIRONMENTAL ETHICS

Richard A. Watson
.Washington University . "

Introduction

In the following I discuss logical problems, philosophically 
unsupported arguments, and disturbing social implications in four areas 
of environmental ethics: l) eco-philosophy, ecosophy, or deep ecology; 
2) eco-religion, ecomysticism; and eco-morality; 2) anti-anthropocentrism 
and anti-humanism; and 4) the rights of nonhuman animals, nonsentient 
nature, and abstract corporate entities.

I. Eco-philosophy, ecosophy, or deep ecology

Environmental ethics has naturalistic roots in the science of ecology, 
the study of the interrelationships among living organisms and their 
environment, and ‘ecosystem’ is the most common term used to indicate 
such a complex. Ecosystems are holistic, something that has led Barry 
Commoner to formulate what he calls the first law of ecology, which is 
that everything1 is connected to everything else. Unlike some idealists, 
eco-philosophers do not claim that if you are to know fully about 
anything in an ecosystm, you must necessary know everything about 
the system, but you must at least understand its total organization 
and the functional place in that system of the item in question.

Although this general notion of mutual interrelationships necessary 
for the maintenance of living organisms is at least as old as Aristotle, 
it was only after Darwin that Ernst Haeckel used the term ‘ecology’ 
in 1866 to refer to the study of the “economy of nature’’. The term 
literally means “study of the home’’, and in this sensae it has been 
used by Marxists, anarchists, and poets to discuss the true economy 
- a moral or moderated balance - of mankind.
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U is important to keep in mind that environmental ethics rises out 
of the same social and scientific soil as does evolutionary ethics.

Eco-philosophy, ecosophy, or deep ecology is defined by Arne Naess 
who originated the concept as a “ total field model” in opposition to the 
“man-in-environment” model of living organisms in the environment. 
His most recent statement of the tenets of “the deep ecological movement”
are as follows: , , . . ,f

1. The well-being of nonhuman life on Earth has value in itselt...
independent of any instrumental usefulness for limited human purposes.

2. Richness and diversity in life forms contribute to this value and is 
a further value in itself.

3. Humans have no right to interfere destructively with nonhuman 
life except for the purposes of satisfying vital needs.

4. Present interference is excessive and detrimental.
5. Present policies must therefore be changed.
6. The necessary policy changes affect basic economic and ideological 

structures, and will be the more drastic the longer it takes before significant 
change is started.

7. The ideological change is mainly that of appreciating life quality 
(dwelling in situations of inherent value) rather than enjoying a high 
standard of life (measured in terms of available means)... [making us] 
less dependent upon material manifestations...

8. Those who subscribe to the foregoing points have an obligation 
directly or indirectly to try to implement the necessary changes.

Ecophilosophy, ecosophy, or deep ecology is thus conceived of as a 
radical activist political program. This program involves a drastic reduction 
of the world’s human population. Naess says 100 million humans on 
earth might be about right to accomodate all forms of life.4 (I once 
argued that 500 million, the world’s population in 1650, the century of 
genius in both the east and the West, would be about right for a civilized 
world.5) One of Naess’s primary pieces of work is on the relations among
humans, bears, sheep, and wolves in Norway.6

Naess nowhere argues for his basic claims (1 and 2) that life and 
diversity of life hâve value in themselves. Obviously, however, these 
principles derive from the fact that complex ecosystems with great diversity 
of life forms have greater stability and survival value in changing envi­
ronments than do simple ecosystems with only few life forms. This 
makes deep ecology a form of evolutionary ethics.

More than that, the first principle, that life has value in itselt, seems
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to be a specification of the principle that whatever is, is good or right. 
But this is to go too far, and most deep ecologists approve o o 
Leopold’s more limited statement about right and wrong:

if A thing is right when it tends to preserve the integrity, stability, 
and beauty of the biotic community. It is wrong when it tends to 
do other-wise.7

The difficulty with this, of course, is that in terms of ecologic balance, 
simple desert ecosystems are generally just as integrally interrelated and 
stable as complex rain forest ecosystems. The clue to what underlies the 
reasoning here is in the inclusion of the notion of beauty. In practice, 
human beings prefer complex ecosystems because they provide more 
resources for human use. This may be why human beings think that 
complex ecosystems are more beautiful than simple ones (among those 
who prefer deserts, the percentage of misanthropes seems to be fairly

Naess is also ambiguous on a question that arises from his third 
principle, the limits to which humans can go in interfering destructively 
with nonhuman life to satisfy vital needs. Although deep ecologists do 
talk of gardening and of animal husbandry, their ideal seems to be to 
interact with the environment no more distruptively than would primitive 
hunters and gatherers who live off wild foods and game. The current 
estimate is that there were about 5 million people on earth in that 
condition just prior to the agricultural revolution about ten thousan 
years ago. And as I remark above, in 1650 just prior to the mdustria 
revolution, there were 500 million people on earth. The ideal, then, 
seems to be some sort o f subsistence farming with a technology 
powered only by men and animals, wind and water, and woo4 tires, 
that is, no fossil fuels such as coal and oil giving rise to m dustria 
technology would be allowed.

z— 4. The thing philosophically most bothersome about this movement 
! is not this winsome pastoralism, but rather the dogmatic assurance with 
W hich its proponents assert that life, diversity of life, and complexly 
Stable ecosystems have intrinsic value. This just seems self-evident t 
them. Also apparently self-evident to them is an animal egalitarianism m 

I which humankind is to occupy no more of the environment (humankind 
is not to increase in population nor tame the wilderness) than is congrue g 

j with all other forms of life fulfilling their capacities. For example, grizzly 
’ bears require vast ranges of territory that human beings,-on these egalitanan
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principles, have no right to take over for their own uses. Thus in advocating 
a human population of 100 million, Naess asks for only 20 times more 
than the 5 million people on earth just prior to the invention of agriculture 
in 10,000 B.C., and 500 times less than the 5 billion humans who are 
alive now.

Naess does propose one sort of argument for these proposals. He 
harks to Spinoza as the father of eco-philosophy, deep ecology, and 
environmental ethics.8 This is difficult to maintain. Of course according 
to Spinoza, natura naturata and natura naturans are the same, and so the 
world is God or God is the world, everything flows from the center, all is 
one, everything is connected necessarily with everything else, and so on. 
But as various critics have pointed out, free will is a sham for Spinoza, 
deep ecology is promoted by fiery individualists such as Naess, and it is 
at least unclear that Spinoza’s system supports revolutionary activity of 
the sort deep ecologists advocate.9

II. Eco-relgion, eco-mysticism, and eco-morality

Deep ecologists think of themselves as Spinozists, basically in the 
mystical, panpsychic tradition.10 This view is part of a broad spectrum of 
people in environmental ethics who call for a new eco-religion, eco-my- 
sticism, or eco-morality.

The morality that is desired is basically the one I have begun to 
outline above: egalitarianism for all forms of life, indeed, including the 
environment itself. That is, an ecosystem itself is said to have value (and 
thus, as discussed below, rights). There are two main lines of development 
of this notion.

The notion that the earth or the universe is itself a living organism is 
very old. One group of environmental thinkers have developed this 
notion under the concept of Gaia, th^living^ earth.11 In this system, 
f itu n ^ h ^  claimed that far from being wise,
human beings are extremely stupid in their belief that they can develop 
the earth in ways that will enhance either their own well-being or the 
well-being of other living things or the well-being of the earth itself. 
Something like this leads Barry Commoner to formulate his third law of 
ecology, which is that nature knows best.12 Probably that should be 
‘Nature’ with a capital ‘N’ in this context.

There is demanded by this view a very severe sense of humility on 
the part of human beings. In “ On the Nature and Possibility of an 
Environmental Ethics,” Tom Regan formulates a general moral imperative
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for human beings who are part of the total living ecosystem.

By the “preservation principle” I mean a principle of nondestruction, 
noninterference, and generally, non-meddling [by human beings in 
nature]. By characterizing this in terms of a principle, moreover, l 
am emphasizing that preservation (letting-be) be regarded as a 
moral imperative.13

Besides Spinoza, Heidegger is another philosopher cited as authority 
for this particular subordination of humankind in the total living envi­
ronment.14 The tie here seems primarily to be to those parts of Heidegger’s 
works in which he deplores the development of industrial technology 
and asks for a return to the folk wisdom and folk ways of a naturally 
modest and humble local peasantry. A considerable amount of Herbert 
Marcuse’s critique of one-dimensional contemporary society comes from 
Heidegger.

The claim that the earth or the universe itself is a living organism is 
based on a notoriously weak and philosophically unacceptable argument. 
Even if the earth were an organism, there are no satsifactory arguments 
that it has value in itself or that humans are mere egalitarian parts of it, 
or, worse, that humans are parasites or a disease of the larger organism. 
This latter is quite a letdown from Hegel who thought we were the 
brains.

A Judeo-Christian notion of defilement comes throught very strongly 
in some of the anti-humanists. David Ehrenfeld, for example, doses his 
1978 book, The "Arrogance of Humanism, with the sentence, “ We have 
defiled everything, much of it forever, even the farthest jungles of the 
Amazon and the air above the mountains, even the everlasting sea which 

|  gave us birth.” 15 This is a great exit line, of course, but it illustrates a 
^ paradox in eco-moral thinking. TJjaLis., value is independent of man, 

yet, somehow, only man defiles.
A number of those who call for a new morality or a new religion 

point to American Indian religions and to Eastern philosophies and 
religions. My initial feeling about this is one of suspicion. I know that 
versions of American Indian religions and ways of life as being ecologically 
wise, balanced, and conservational are highly romanticiced. I suspect 
the same thing of Anglocized versions of Eastern thought , that they have 
been cleaned up like the movie Ghandi. There is, after all, an enormous 
amount of misantrhopy, sexism, racism, and cruelty to animals in the 
East. I am not competent to judge, but few Western scholars who actually
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know the languages and cultures recommend Eastern mysticism.
If the world or universe is not a big animal, how about its being a 

big mind? Maybe we are all just parts of a grand thought. Or of something 
mystical beyond all thought.

My problem here - a philosophical problem - is that although I 
think I understand what Berkeley means by saying that the world consista 
of sensible ideas, I cannot get a grip on what it would be for the world to 
consist of thought or to be mere thought. Does it mean only the way 
Berkeley, Mill, and Russell, and Husserl, Heidegger, and Merleau-Ponty, 
worked out the notions of phenomenalism and phenomenology? If so, I 
take that just to be the world we experience, and to think that world as 
thought is to think of it as being thought into existence, not as something 
we experience the way we do in perceiving.

Let me leave that impasse because incomprehension of the ontology 
o f idealism is not really what bothers me here. What I want to know is, 
suppose the world is one big thought or mind, then so what?

Here, I think, is the answer. Just as with the naturalistic ethics of 
the deep ecologists, the advocates of eco-mysticism or eco-morality base 
their views about what is good and right on what exists. For example, 
John Rodman says:

To affirm that “ natural objects” have “ rights” is sympolically to 
affirm that all natural entities (including humans) have intrinsic 
worth simply by virtue of being and being what they are.16

Deep ecologists appear to accept as having value just what happens to 
exist or what exists because of the evolution of the universe and life on 
Earth. Mystics seem to base their views about what is good and right on 
much the same thing, that is, on the way the world spirit thinks or on the 
world thought or on what is beyond thought. The question is: Do the 
gods love it because it is good, or is it good because the gods love it?

Here is another problem. I am constitutionally incapable of expe­
riencing religious feelings. I have no moral sense either. I would not 
bother with this if I did not know that I am far from being alone in these 
circumstances. Many people have had fine experiences in the wilderness, 
and have been greatly exhilerated at the completion of difficult mountain 
climbs and so on. They have felt the awe of the intense silence and sense 
of aloneness in the wilderness. Ajiurprising number of people have had 
their fondest sexual fantasies satisfied. Some mystics say that some of 
these experiences are the same as, or close to being, religious and mystical 
feelings. Are they kidding? As May West said in the old vaudeville gag
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when confronted by an exhibitionist, “That’s it? When mytics say, No, 
it is something ineffably beyond that,” then many human beings cannot 
follow. They atribute their feeling great to having good health, to having 
accomplished something difficult that they set out to do, to having 
encountered fine scenery, cooperative lovers, climbable mountains, and 
so on. Some people argue that people like me have religious experiences 
and just misinterpret them. Whose idterpretation is correct? Both of 
these explanation-sketches - the naturalistic sketch and the mystical 
sketsh - are interpretations.

The Enlightenment argument is that religion is based on Tear of 
death and power plays among human beings, and that mysticism is 
based on misinterpretation of suberb experiences of life (are they so 
rare? is life so generally awful as Hobbes says it is, so that when we have 
a good tima we think it must be a gift of the gods?). Religion is dangerous 
because it is authoritatian and irrational. Mysticism because it is life-denying 
and irrational. The crucial philosohpical problems here are contradictory 
principles, ane xperiences or states that transcend ordinary experience 
and cannot be categorized and discussed, cannot be understood. Are 
philosophers who are incapable of having religious and mystical experiences 
more to be pitied than refuted, more to be led along the right path than 
to be argued with?

I think not. Reason and argument are our only defense against 
absolutists who know what is for our own good whether we know it or 
not. Eco-religion, eco-mysticism, and eco-morality have no philosophical 
grounds of support.

III. Anti-antrhopomorphism anti-humanism, and misantrhopy

A thread of misantrhopy runs through the eco-positions outlined 
above. It is not just that those calling for a new environmental ethics 
want to put human-kind in its egalitarian place in balance with other 
species of living things, it is that many of them seem not to have much 
liking for humankind in the first place. I agree that there are plenty ot 
grounds for suspicion about the intrinsic goodness of humankindrThe 
earliest written records are about torturing people and genocide? the 
earlist fossil records of hominids show that brain bashing has been a 
popular sport for several million years? and the Judeo-Christian myth 
about being born in sin is not based merely on a human predilection for 
hanky panky. William James died in 1910 in time to maintain some 
hope for the human race (despite his own periodic visitations of the
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horrors), but just six years later his brother Henry died knowing that a 
million boys were dead and rotting in the trenches. And then anyone 
who knows history knows that what happened during World War II and 
since has happened hundreds of times before? the scale of human atrocity 
merely increases with increase in population and technological development.

Given such natural human behavior, I am not convinced that a 
return to nature is a cure for human awfulness. Utopians do insist that it 
is not a backsliding return that is required, but enlightened cooperation 
rather than competition with nature. The basic problem with humankind, 
the misantrhopes say, is that instead of living in nature communally, we 
try to conquer nature. But is this not just human nature?

Most of those interested in environmental ethics are children of the 
Enlightenment just as I am. They do not believe that human nature is 
fixed, but that it is malleable, and perfectable. Many of them blame our 
present maladaptations to and disaffections for nature on the Judeo-Ch- 
ristian religion as does Lynn White, Jr., in his classic paper, “The Historical 
Roots of Our Ecologic Crisis.” 17

God gave us jurisdiction over the beasts and fields, and he told us to 
go out and multiply. We disobeyed God in the garden of Eden, so we 
have to earn our bread by the sweat of our brows, which means cutting 
down forests and plowing up fields and otherwise using natural resources. 
We are assured, however, that only human beings have immortal souls. 
Descartes denied that animals even have feelings of pain and pleasure, 
so we can treat them simply as things God gave us for our use, as He did 
trees and mineral deposits. Later on Christ insisted that all that really 
maters is the salvation of one’s soul, increasing the official Judeo-Christian 
scorn for the things of this earth. Some even say that good works do not 
matter, while others say that not only will good works get you to heaven, 
they led to the capitalist revolution.

And please tdo not forget those other people of the Book, the 
Moslmes, whose influence in the world today is base on - among other 
religious principles - the belief that anyone who is killed in the Jihad 
against the infidal non-Moslems is transported directly to Heaven. Powerful 
stuff, but a little hard for, say, nominal Christians to deal with.

The above two paragraphs are somewhat sarcastic, but this viewpoint 
is not at all presented by eco-thinkers as an attack on religion and 
mysticism as such, but as an attack on Judaism, Christianity, and Moh­
ammedanism. In the context of encironmental ethics, the problem with 
the religions of the Book is that they are all antrhopocentric. All of them 
make man the center of the universe. For all of them, the universe is
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created for man. Only man has any value in this universe; only man has 
a an immortal soul; only man has even sentience, or, if donkeys and 
oysters do have feelings, those feelings are much coarser and are not felt 
as excruciatingly as we feel them. People of the Book are still dealing 
with the argument that we were wrong to think that there is a scale of 
sensitivity to pain (and of rights and duties) running from white men of 
royalty through white freemen and slaves to non-white men to women of 
all colors.

This anthropocentrism is viewed with a very cold eye by eco-philo- 
sophers. I have already outlined some of their programs for decentralizing 
man. Elsewhere I have analyzed the anti-antrhopocentric program in 
detail, and conclude that it is grounded on five principles:

1. The needs, desires, interests, and goals of humans are not privileged.
2. The human species should not change the ecology of the planet.
3. The world ecological system is too complex for human beings 
ever to understand.
4. The ultimate goal, good, and joy of humankind is contemplative 
understanding of Nature.
5. Nature is a holistic system of parts (of which man is merely one 
among many equals) all of which are internally interrelatec in 
dynamic, harmonious, ecological equilibrium s

And I concluded that the moral imperative derived from this eco- 
philosophy is that human beings do not have the right to, and should 
not alter the equilibrium. All that is, is of equal value.

’ Arne Naess’s eight tenets of the deep ecological movement (cited in 
Part I) are in response to my summation above, and he has forced me to 
realize that despite my supersentitivity to threats of authoritarian control, 
I greatly underestimated not only the extent to which deep ecologists 
and eco-philosophers beleive that they know what is right for earth and 
humankind, but also the extent to which they intend or at least desire to 
coerce, if necessary, everyone into the deep ecology mold. That is, it 
deep ecologists gained political power, they would enforce vast birth 
control programs, dismantle much of modern technology, and return 
enormous portions of the earth’s surface to wilderness or natural conditions 
in which human beings compete (or cooperate) equally wi'h all other 
forms of life. Deep ecologists believe that the great advantages human 
beings have because of their superior intelligence in the hierr :hy of 
beasts has been abused. That is, our hubris is in thinking that we know
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better than Nature how to manage the earth. Deep ecologists heap scorn 
i n  the metaphor of “ spaceship earth” by pointing out that we know so 
badly how to run the planet that it will soon be altered far to the worse

: " S e thhoid „ere again for a nniiion years. An so

° n‘ What is striking about this apocalyptic rhetoric is how many times
, 1 ^  .h human .ace - have heard |  before. Indeed, the great fears 

we - that is, the human always death and damnation

■ ■ ■ ■ ■ ■ ■
■ i i M i l l i i M i ■  faith 1  them and thetr tdeas |  save

« M S I  that humankind depends on ecologic 

harmony B  the natural | g M  | £ * £ £ £ %mmmmi fit ¡¡b IB
leads me to the fourth and final problem area.

IV The Rights of Nonhuman Animals, Nonsentient Nature, and Abstract
Corporate Entities

The hero of animal rights advocates is Jeremy Ben.ham who raid
Jm . • f r^n  thev reason? nor Can they talk, but, Can tney

s«ffer’ “ 'T h ,s  point’is made foundational by Peter Singer in his book

B B M B  capacity to suffer and I  orespeoence 
e n jo y m e n t.is  the only defensible boundary of concern for the
¡„ ¿rests of others... The capacity W m w M S f f i l S M  
prerequisite Tor having interests at all, a condition that must t o  
satisfied before we can speak of interests m a meaningful »ay... A 
stone does not have interests because it cannot suffer.

Later he says that “ We ought to consider the interests of animals because 
they have^tuerests.”21 In felation to human rights, however, nonhuman
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animal rights are subordinte in teh sense that H H B H |  
curtail only the unnecessary suffering of honhuman animals. The concept 
o f ‘unnecessary’ here is tied to human interests and needs, for if it is 
our interest to cause the suffering of nonhuman animals, then it is all

n8htI present this travesty of Singer’s position (which has been drastically 
modified in his subsequent publications) to highlight certain problems. 
Here are some of them: Is sentience a behavioral or a physhic phenomenon 
That is, does an animal have to be conscious to be sentient. (Consid 
so-called sensitive plants that respond to touch by drawing away and 
wilting ) Then, is consciousness enough? To feel pain, does an am 
have to know that it feels pain? That is, to be sentient, d o e s a n a n ‘™ ‘ 
have to be self-conscious? These same questions can be asked aboutthe 
concept of interest. All animals have interests in the sense that they have 
needs^hat must be satisfied if they are to survive. But, to go to the heart 
of the matter, can an animal be said to have interests in a sense pertaining 
to having rights if the animal does not know itself that it has such

w i  there is the problem of why the possession of any natural 
feature - life, sentience, self-consciousness, rationality, language - should 
be taken to mean that the entity that possesses it has rights. But, then 
the environmental ethics literature is so shot through with e^m ples of 
the naturalistic fallacy that perhaps the message is that these philosophers 
think it is not a fallacy at all. The problem then would be to argue for the 
feature that does establish that an entity has rights. Unfortunately, many 
such arguments in the literature reduce either to the posit,on that whatever
is is good or right ( I  have already quoted John Rodman, for examp ,
who simply announces that “ All natural entities (including humans^ 
have intrinsic worth simply by virtue of being and^ being gBHB 
are ”23) or to the position of evolutionary ethics that what leads to 
survival is good and raight. These positions reduce in turn to the tautologies, 
what is is; and, what leads to survival leads to survival. .

A few years ago I argue for a reciprocity theory to explain an 
justify the attribution of rights and duties. To say that an y ^  
rights (I argue) makes sense only if that entity can fulfill recproca 
duties, that^s, can act as an agent. Then to be such an agent, an entit.
must

1. be self-conscious,
2. understand general principles,
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3. have free will,
4. understand the given principles,
5. be physically capable of acting, and . .
6. intend to act according to or against the given principles.

Only then can entity have, so to speak, rights in its own right-
Thus I argue that a necessary (but not sufficient) feature for avin0 

rights I  that an entity be self-conscious. So there is hope for my cat, 
who on behavioral evidence, is self-conscious. I leave open the question 
of whether machines or non-living entities can be self-conscious, I see no
particular reason why not. paH l -th

The problems that arise in this debate about rights have to do with
questions about human fetuses, badies, idiots, and senile senior citizens.
?n Practical Ethics, Peter Singer has faced many of these questions honestly 
and fearlessly, as one must who denies that there are absolute values in 

th e  universe fas real as matter and mathematics, wheher God-given or 
not 1  That is, if you play the game of stipulating who and what has 
rights on the basis of natural features, then you have to be wd'mg o 
draw lines and cut and fill here and there. For example if I think 
self-consciousness is the dividing point, and Herbert Spiegelberg is righ 
S a t  some humans do not have an I-am-me experience until they are 
seven,25 then I ought to be in favor of abortion up to and including the 
seventh post-partum year. That argument (which has in fact been thrown 
at me) indicates merely that we should not take rules and atnbutmns 
made up by human beings as being perfectly adequate for every s itu a tiS j 
I do believe, nonetheless, that value enters the world only under th 
scope of the interest, h.tntions, and actions of self-conscious entities.

But I want to rush on here, to closure with the phantom persons 
who people the evil empire that threatens us
are en nances grise, but let us look at the phantoms first. In a very 
important book, Should Trees Have Standing?, Christopher D. Stone 
outlines a legal technique for protecting nonsentient nature.- Entities 
such as Storm King Mountain are treated as corporate persons wh
have rights that lawyers can defend. „

What is philosophically nntenable is that Stone says, m all senonsness 
and «trnestness, that corporate entities “ have wills, nttnds purposes^ 
and interests that are in very important ways, their o w n , t h a t  pan 
transcend and survive changes in the consciousness of the individuals 
who supposedly comprise them, and whom they supposedly serve. -
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Thfs spectre is bad enough, but in further explication of this concept of 
legal corporate person, Stone says:

The legal system does the best it can to maintain the illusion of th 
reality of the individual human being. Consider, for example, ho 
many constitutional cases, brought in the name of some hand 
individual, represent a power struggle between institutions - th 
NAACP and a school board, the Catholic Church and a scho 
board, the ACLU and the Army, and so forth. Are the individu' 
human plaintiffs the real moving causes of these cases >  or a>j 
afterthought?26

Not only does Stone hypostacize institutional legal persons into entiti 
with wills, minds, purposes, and interests of their own, but also h 
implies that individual human persons are illusory.
The following quotation from Woorow Wilson expresse my response t 
Stone:

Corporations do not do wrong. Individuals do wrong, t 
individuals who direct and use them for selfish and illegitima 
purposes, to the injury of sociey and the serious surtailment 
private rights. Guilt, as has been very truly said, is always persona 
You cannot punish corporations...

I regard the corporation as indispensible to modern busine 
enterprises. I am not jealous of its size and might, if you will b 
abandon at the right points the fatuous, antiquated, and qui 
unnecesary finction which treats it as a legal person; if you will b 
cease to deal with it by means of your law as if it were a sing 
individual not only but also, - what every child may perceive it 
not - a responsible individual.29

Beyond the lawyer’s trick of using the corporate person to defe 
the conspiring executives of General Electric Corporation from the Feder 
Prosecuters, of Storm King Moyuntain’s wilderness from the designi 
desires of Walt Disney Enterprises what has all this to do with enviro 
mental ethics?

Everything, I am afraid. That is, in teh literature of environment 
ethics you read more and more about species and life itself, and less a 
less about individual self-conscious entities. For example, Garrett Hard 
in his book Promethean Ethics says basically that the individual anim
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is just a means of preserving the species and so we ought to cull the 
human herd.30 That would be done with a triage system where we with 
the food help some nations and write off others. As for individuals, we 
are all going to die anyway, so we ought to quit whining about it and 
think not what our species can do for us, but what we can do for our 
species. As far as that goes, species become extinct, so we should not 
think what life can do for our species, but what our species can do for 
life.

CONCLUSION

I have illustrated the point that a substantial amount of what goes 
on in the literature of environmental ethics is either in ignorance of or in 
outright defiance of much that has been accomplished in philosophy 
since the Enlightenment. Such things as the value and responsibility of 
self-conscious individual actors, the vacuousness of equating what is 
good or right with what happens to be or to exist, the arbitrariness 
(although not necessarily uselessness) of basing rights on the possession 
of this or that natural feature, the dangers of absolutism, the dangers of 
irrationalism in religion and mysticism, the inhumanity of true believers, 
and finally the conclusion based on considerable evidence that the universe, 
the earth, life itself, species, the church, the state, the family, and McDonnell 
Douglas Corporation, do not have desires and interests and wills and 
minds of their own, that corporate entities cannot act, that very cannot 
have rights except as a legal fiction (not least because there is no way to 
understand how they could have responsibilities), and - like the gods of 
Lucretius - they cannot harm us. What can harm us are not the ghosts, 
but the people in the machines.

It is bad enough to have to watch out for parents who know what 
the family wants me to do, businessmen who know what the economy 
wants me to do, presidents who know what the country wants me to do, 
and popes who know what the church wants me to do; now I have to 
watch out also for deep ecologists who know what the ecosystem wnats 
me to do. I am already slated to die for the good of the human species. 
What bothers me is that there is no philosophical ground for the view 
that the species - an  abstract entity that cannot know or feel - is worth it 
and that I should love my fate. Let me close with some words from 
Leonard W ollfs autobiography, written when he was eighty:

Since the age of sixteen, when for a short time, like all intelligent
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adolescents, I took the universe too seriously, I have rarely worried 
myself about its meaning or meaninglessness. But I resent the fact 
that, as it seems to be practically certain, I shall be as non-existent 
after my death as I was before my birth. Nothing can be done 
about it and I cannot truthfully say that my future extinction 
causes me much fear or pain, but I should like to record my protest 
against it and against the universe that enacts it.31

Leonard Woolf was an atheist who wrote satire. He knew that the 
universe does not enact anything. His protest was his little joke.
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Summary
Obiectivist and relativist assumptions of scientific and popular writingsmSmm * a « 1 — M

utilized by conflicting iniccest groups for a confusing
reasons. I  would be be,ter to state one’s commitment and evidence than
to appeal to universal laws of principles of ecology or economi .

The major philosophical problems of the tw e n ty i century are also 
questions of science. Can we evern know .he p h * » lI  world^asi.Realty 
exls.s? Does sclenttllc objecttvity Q r¿ 1  we always have to
S ' ’o t X C r c ^ d S c r i p t l o n s  bound by the cultural constraints

° f M  S " l , a n c o n s , ,  Include i M f »  
knowledge ideologies and c u i t u t e Z Z l  
not only for academic reasons u . Peoole want to know
such a large role in settling i S H K g  ̂ “ ¿ ‘version of the truth to 
whether or not scientists are telling _ nc nn matters that affect 
government officials who are makking decisions
them personally. c . • a, and Dolitical: how muchThus the two problems are philosophical and p o l i t y  - W  ̂
stock can we put in the statements of scien is s the tatements
adversaries in and our of government are £xist to settle Abates
politically. In a democracy we " " Z T o n  rests on the belief that some
n m A r i O ™nf1irrinp narties


