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RELATIONSHIPS AMONG THE SALMONIDAE
, . v

\<*eVVS w

y m w
t , y j ’

W
»

large mouth n t u  
many imall teeth N-rts 

Jarge toothed vomer

no teeth on vomer 
n-rse

vl J>  ̂ '3-
<o v o

/
moitly:

small mouth *-78i 
small teeth on vomer 

> of young only *•?&

parr marks absent h t o  
f two fi*P* between nostril w-7t3 

enlarged first supraorbital n-7ia 
Ooss of basibranchiel plate N-m

to

Ifine teeth 
small mouth 
vomer small, 
shaft short

C Oregon in ae
no teeth on maxillary 
one urodermal 
small neural spine on PUj 
< 16 dorsal rays 
general loss of teeth

N 72? slightly notched ethmoid 
cartilage

Q light spots
Palatine-vomer strong ascending pre­
teeth form maxillary process 
“u" shaped gap between palatine

'■“m r l
_ H— modified lateral

l/ **f.s v  _______

Thymallinae
N N - 753

V v
j r  è

' M

i* *

w-72f notched ethmoid 
\  cartilage 

st-732 palatine-vomer 
teeth form a "T "

c-n small neural spine on PU?
M*,# > 16 dorsal rays

no orbitotphenoid v  Salmoninae

N*™ blunt pointed ethmoid cartilage 
*•732 gap between palatine-vomer teeth 
*-7ss no ascending premaxillary process 
*-783 postorbitals contact preopercular 
*•783 opisthotic touches proof ic 
*•72» reduced dorsal fontanelles in adult

— t i l  |R

Is

c h a r P f

c-tt

Praaant
•tody

• • Oahrtht tata
* • »—4m> taat 
C - Ciwaer 1171 
n • H.ir* iaa>

ImnuM* •«•«I «•

• • SdiMMWI Itoti. Oarmt* arto Arvanttoaltfa»
• • • "PrVaWte*” iato»« aliartela«

increase in size and amount of yolk In egg 
bypess larval stage

Salmonidae
• Tetraploid karyotype ( 2n chromosomes *  100)

• m-738 Axillary pelvic process
•*•782 Three upturned caudal vertebra« {two ural centra)
•w-743 Parr marks in juveniles 
•*-78i Three post cleithra 
•*■782 Mesopterygoid toothless

,nd p•rt’vpu,,l 81 ,o9,,h*r < « •  -*• «»
• •n-752 Oviducts incomplete or absent 

•••*-782 Mesocoracoid present
► ••n-ssi Opisthotic present
• ••Cl? Principal caudal rays • 19
• ••C-tt Three epurals
• #*0-11 Full neural spine on PU3

Two hypurals (ventral) on U.; 4 hypurals (dorsal) on U ,
1 long, 2 short uroneurals 2 *

well developed stegural 
expanded caudal naural end 
hemal spines 
neural spine on PU t 
large neural spine on PU3 

*••78 parietals separated by * 
supraoccipital 

*-7>a small scales (> 100 in
lateral line)

*•78 suprapreopereular present 
**73t curved preopercular 
*•73« dorsal rays < 16 

'••a loss of hypethmoid

yV*

• •? c-a

v
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temperatures, 60-70 years (about 20 generations) seem to have been too few for 
rainbow trout to expand its functional temperature range in the Firehole River.

Feeding and growth are stimulated more by a fluctuating temperature than 
by a constant temperature. Spigarelli et al. (1982) compared the feeding and 
growth rates of three groups of adult brown trout in three different temperature 
regimes during a 57-day period. One group was reared with a daily regular cycle 

/ nf 9-18°C (mean, 12.5°C), the second group was reared at a constant tempera- 
(vture of 13°C, and the third group was maintained in an arrhythmic temperature 

regime of daily fluctuations and a gradual increase of daily mean temperatures 
/ (range, 4-ll°C ; 57-day mean, 7.7°C). The trout were fed alewives to satiety twice 
\ a day. At the end of 57 days, the mean food consumption and weight gain per 
) individual reared in the daily 9-18°C cycle were by far the best: 752 g and 163 g, 
i respectively. Fish reared at a constant 13°C consumed 459 g and gained 104 g, on 
| average, while fish in the arrhythmic temperature regime consumed 476 g and 

gained 94 g. In constant-temperature trials at the Bozeman Fish Cultural 
Development Center (Dwyer et al. 1981,1983a, 1983b), trout raised at 7-8°C had 
only 20% as much growth as trout raised at 13°C after 140 days, but the brown 
trout tested by Spigarelli et al. grew about as well at fluctuating low tempera­
tures as they did at a constant 13°C. Evidently, diurnally fluctuating tempera- 
tures promote more efficient conversion of temperature units togrowth than do 
constant temperatures7 pFe  ̂ greater food FonTumption.
Konstantinov and Zdanovich (1986) also found more rapid growth with fluctu­
ating temperatures than with constant temperatures for several species of fish.

Stream Foraging
Trout in streams typically feed more on drifting larvae of aquatic insects 

¿han on insects dwelling on substrates. Drift ot aquaticlnsects is influenced by 
ow, temperature, season, and the species involved, but maximum drift density 

typically occurs at night with peaks around dusk and dawn (Bishop and Hynes 
1969; Elliot 1970; Hynes 1970; Waters 1972). When interspecific and intraspecific 
competition is intense or benthic food availability is great, salmonids may pick 
invertebrates off substrates. Unless the prey organism is large, such as some 
species of stoneflies, however-, drift feeding is more energy efficient. The papers 
just cited record that in small streams (5-10 m wide) with good riparian 
vegetation, 50% or more of the total diet of trout during the summer months of 
peak feeding may be invertebrates o~f terrestriallH ^TTln^
'tnaTcomponent of diets relate instream invertebrate
production to trout production. Nevertheless, several studies have concluded 
that trout production is too high to be explained by instream invertebrate 
production alone. This phenomenon is commonly known as the Allen paradox 
(Hynes 1970). Some of the discrepancy between trout production and instream 
invertebrate production probably involves terrestrial input into the trout diet. 
Many workers believe it is due more to limitations of sampling techniques, 
which often do not recover invertebrates occurring deep in the substrate (Allan 
1983; Winters 1988). Howeyer^most^fisherv biologists have overlooked an 
invertebrate source of potentially great magnitude. This is the hyporheic fauna,
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the assemblage of aquatic invertebrates that live and forage below ground in the 
water table of floodplains f̂ fan^/rd Gauiin 1974: Stanford and Ward 1 QftftV 
This assemblage, which includes caddisflies, mayflies, and stoneflies, can 
extend more than a kilometer from a river channei (J. Ward, Colorado State 
University, personal communication). Recruitment from the hyporheic fauna 
could help explain the Allen paradox.

Despite the apparently high consumption of annual invertebrate production 
by stream salmonids, most studies agree that salmonids do not influence 
density, biomass, or species composition of aquatic insects; predation takes only 
surplus production, and the characteristics of stream invertebrate communities 

*show no change when salmonids are removed from a stream section (Allan 1982; 
Culp 1986). On the other hand, when Wilzbach et al. (1986) modified a small 
stream in Oregon to enlarge the area used by feeding cutthroat trout, fish 
growth increased and invertebrate drift decreased, ostensibly because predation 
depressed invertebrate abundance. The authors concluded that in most natural 
streams, structural complexity prevents salmonids from feeding efficiently and 
taking more than surplus production. As discusssed earlier in this chapter, 

f^surplus invertebrate production often is adequate for the existing fish popula- 
i/lidn; in weslim lOIe^^ are more commonly
' limited by habitat. Where habi ta tlsllmlfiri^^ be
r^ peS edT E om  the addition of instream structures that increase the amount and 

quality of the habitat and make previously inaccessible food available. Con­
versely, a food-limited population would not be expected to benefit from 
artificial habitat improvements. For example, the growth and biomass of trout 
(mainly brown trout) decreased in a zone of the main Au Sable River, Michigan, 
when pollution abatement markedly reduced the influx of nutrients and, 
consequently, the production of invertebrate prey. Intensive additions of 
instream habitat devices failed to reverse the decline of this trout population 
(Alexander et al. 1979), which appears to be food-limited.

Substrate diversity influences invertebrate abundance, as pointed out 
earlier, but an increase in invertebrate production can generally come about only 
from an increase in ^imary™prd3uc® whi^Ts~”̂ 6vefhed by light and 
nutrients. IF a small Kea3water stream is"overgrown with VegeTEaEbnTcanopy 
removal allows more sunlight to reach the water, which increases primary and 
secondary production (Murphy and Hall 1981; Murphy et al. 1981). Artificial 
enrichment also may stimulate production, as suggested by the Au Sable 
example just above. Black Earth Creek, Wisconsin, a stream organically enriched 
by sewage effluent, had a reported annual trout production of about 400 
kg/hectare, which was three to four times greater than unenriched trout streams 
of the area (Brynildson and Mason 1975; Alexander and Ryckman 1976).

Warren et al. (1964) dripped a sugar solution (sucrose, a normal product of 
primary production) into test sections of Berry Creek, a very small Oregon 
stream. The sucrose stimulated massive production of bacteria, which were 
consumed by aquatic insects. The end result was more than a sevenfold increase 
in the production of cutthroat trout, although trout food consumption only 
doubled. The likely explanation of this seeming anomaly is that the trout in tiny 
Berry Creek had been obtaining barely more than maintenance rations before

i
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the experiment. Suppose a fish requtaf 5 g . f  g g g f ; ;
energy lost to normal metabolism, u !. & ionsumption to 12 g would provide 7 
1 g for growth. Then a d o u b h n g t o f f i m m i  m8aInlenance energy

L t d ^ f  f l l “ b eT p t in mind whenever food enhancement programs are

K  addihon^of6 nitrate and phosphate » 1
enchance salmomd production, increased production of phyto-
Island, with these nutrients sockeye salmon
plankton and zooplankton severalfo / adults rose more than 7 times (Le 
rose 2.6 times and the number o ^  8 benefited sockeye salmon in

in the species' food web and the great mcrease

in returning adults are not oreanisms attempt to maximize
*  this theory,

energy intake while minimizing gy P edibilit„ nutritional value, and 
trout presented with different-size  ̂ tu v can handle and swallow
ease of capture will select the 3 K  ignore
easily. Experienced anglers know however, g *  1 f  „
larger flies presented to them but stake at ratner p raj for this

insect. Ringler's (1979) Ringler§conducted feeding trials with
contradiction of optimal foraging 17 (brine shrimp) to medium (small 
prey organisms ranging in S12̂  fr°  and mealworms). Wild brown
crickets and mealworms) to larg ( g q Ia d tQ seiect, or prefer, brine 
trout fed brine shrimp on the rs ay items were introduced,
shrimp on the second L d f

it«nswereiniroduced. ies typically predominates in the drift at
In natural streams of all other

a time. Trout apparentlyTR on tti 1 f t  extended exposure to new
particles m the drift and on t ¿xaJ nontheorigrniTfiiaiHgs^ulus

I  I  images_oflargerorgan^nris^------ ^ r ~  tfr^TTFe degree of selectiveTeedTng^by
W  w eSene^TTTtH iiexp^ r ' d:versitv ¡n size, shape, and color of

'  <W> ^ c i Q̂  trout wiH be inverseiy relat^d vary considerably in their ability to learn
favorable food item (Ringler 1985), and 

to feed on a f s„ecies g  the drift when preying on
B  S K  trou^seem to follow the spirit of optimal

expresseojnjenn&-Qt-dj^£rsityr-^omass for trout of all sizes in a stream,
organisms are the only important o Jvantaeed" a food supply that is
thf older, larger fish are o° 100 g may not be
adequate for manuenance and stowth y conditions, larger trout cannot 
S S r i S » «  are InHated because the hsh must

1 h,J.
^ d v r *  v> ¡ | j
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Kurt D. Fausch
Department of Fishery and Wildlife Biology, Colorado State University, Ft. Collins, CO 80523, USA

and Thomas G. Northcote
Department of Zoology, University of British Columbia, Vancouver, B.C. V6T 2A9, Canada

Fausch, K. D., and T. G. Northcote. 1992. Large woody debris and salmonid habitat in a small coastal British 
Columbia stream. Can. J. Fish. Aquat. Sci. 49: 682-693.

Sections of a small coastal British Columbia stream that had previously been cleaned of large woody debris (LWD) 
were compared with sections where most debris was left and with others where debris had been relatively undis­
turbed for at least 40 yr. Three sections where debris had been removed had simple habitat that was less sinuous, 
wider and shallower and had less pool volume and overhead cover than four sections with more complex habitat 
where debris was retained. Habitat in four relatively undisturbed sections was generally similar to complex 
sections. Most pools in all sections were scour or plunge pools formed by LWD or large roots oriented perpen­
dicular to the flow or angled downstream. Standing crop (kilograms per hectare) and individual weights of age 
1 + and older coho salmon (Oncorhynchus kisutch) and cutthroat trout (O. clarki) were significantly greater 
(P < 0 02) in complex than in simple sections. Biomass of age 1 + and older salmonids was closely related to 
section pool volume (r2 = 0.92, P = 0.0006). Projections based on this model and average habitat conditions 
suggest that during 1990 a total of 8.0 kg of salmonid biomass, 5 times the current standing crop, was forgone 
in the 332-m simple reach due to prior debris removal.
Des segments d'un petit cours d'eau côtier de la Colombie-Britannique dans lesquels on a récemment retiré les 
gros débris de bois ont été comparés à des segments où la plupart des débris ont été laissés en place, et à d autres 
dont les débris n'ont pour ainsi dire pas été touchés depuis au moins 40 ans. Par rapport à quatre segments ou 
les débris n'ont pas été retirés et présentant un habitat complexe, trois segments dont les débris n ont pas été 
retirés et présentant un habitat complexe, trois segments dont les débris avaient été retirés présentaient un tlabitat 
simple, moins sinueux, plus large, moins profond et ayant un volume de fosses et un couvert végétal plus faible. 
L'habitat dans quatre segments relativement peu perturbés était généralement semblable à celui des segments a 
habitat complexe. La plupart des fosses dans tous les segments étaient des fosses creusées par affouillement ou 
par une chute d'eau attribuables à la présence de gros débris de bois ou de grosses racines perpendiculaires au 
sens d'écoulement ou formant un angle ouvert vers l'aval. La biomasse totale (kilogrammes par hectare) et les 
poids individuels des saumons cohos (Oncorhynchus kisutch) et des truites fardées côtières (O. clarki) d age 1 + 
et plus dans les segments complexes étaient supérieurs (P < 0,02) à ceux mesurés dans les segments a habitat 
plus simple. La biomasse des salmonidés d'âge 1 + et plus était fortement corrélée au volume total des fosses 
des segments (r2 = 0,92, P = 0,0006). Les prévisions fondées sur ce modèle et sur les conditions moyennes des 
habitats laissent entendre qu*au cours de 1990, la biomasse de salmonidés dans le segment simple de 332 m a 
été réduite de 8,0 kg, ce qui représente 5 fois la biomasse totale actuelle, après qu'on y ait retire des débris.
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Accepted October 28, 1991 
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Reçu le 11 juin 1991 
Accepté le 28 octobre 1991

Large woody debris (LWD) that enters forested streams 
plays important roles in shaping channel morphology 
(Keller and Swanson 1979; Bisson et al. 1987; Robison 

and Beschta 1990a, 1990b). Channels shaped and maintained 
by LWD in turn form the habitat templet (Southwood 1977) to 
which salmonids and other aquatic biota in Pacific Northwest 
streams have evolved (Sullivan et al. 1987).

Human activity in the riparian forest frequently reduces the 
amount of LWD that enters or persists in stream channels. This 
occurs either indirectly by deforesting the riparian zone that is 
the source of LWD, or by direct removal of debris from streams. 
Both are especially detrimental in streams near urban areas 
where standing dead trees are removed due to the perceived 
hazard to human life and nrnn^rtv and fallen debris jc more or

misguided aesthetic reasons. This cumulative debris removal is 
expected to greatly alter channel morphology and the biotic 
processes that depend on it.

We studied the role of LWD in forming salmonid habitat in 
a stream that traverses second-growth forest near the city of 
Vancouver, British Columbia. Our primary hypothesis was that 
sections where debris had been removed would have fewer 
pools and harbor fewer salmonids compared with those left 
uncleaned.

Study Area

The Musqueam-Cutthroat Creek system (Fig. 1), adjacent 
to the city of Vancouver, British Columbia, drains a 730-ha 
watershed that is underlain bv glacial till and sediments of



Abstract.— Evolution of salmonid stream systems is de­
scribed in light of terrestrial history. The last ice age 
was responsible for the macro land forms in high mountain 
areas» the location of most salmonid streams. Hence, more 
powerful land-forming agents were at work then than, now, 
and they inherited land forms they had no role in creating. 
Adjustments were required to carve suitable streambeds and 
to develop channel characteristics benefitting salmonids.
In terms of man, long time spans were required to create a 
quasi-equilibrium condition within the stream systems as 
well as with other systems. Interaction with other systems 
is demonstrated for small salmonid streams running through 
forests by the incbrporation of fallen logs into the channels, 
providing additional adjustment to overly steep stream gra­
dients. If not disturbed by man, the interaction between 
the systems is harmonious, and quasi—balance prevails.

Before I discuss stream systems important for 
salmonids in detail, let us first look at terres­
trial developments from a greater distance. This 
approach may help us to consider these systems in 
the context of global evolution, and thus enhance 
our understanding of their integrated existence. 
Such a view is of increasing importance in a world 
of rapid technologic development; an era that is 
not accustomed to accepting long time spans and is 
therefore not attuned to the mood of our terres­
trial history. In this history, speed was not the 
driving force; time was plentiful for the attain­
ment of systems that, in and among themselves, 
represented a harmonious entity. That is not to 
say that weaker systems did not disappear to make 
room for stronger ones. But evolution, not 
catastrophy, was the real driving force toward 
harmony— a harmony which, for example, allowed 
waterflows to find their bed and fish their home. 
In other words, this world was created so that 
each entity, may it be of physical or biological 
nature, attained its own niche.

As we learn from paleo-magnetlsm, the Ameri­
cas separated from the Euro-Aslan and African 
continents 180 million years ago (Alexander 1975), 
end geophysicists tell us that the continental 
plate on which you and I are sitting or standing 
et this moment, is still moving a few centimeters 
per year (Carr and Coleman 1974, Irving 1977), an 
Imperceptible distance during our symposium. How
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very much in agreement is this rate with overall 
global evolution, and how merciful it is with us 
human beings.

Evolutionary developments also took place at 
times we are inclined to judge as catastrophic. I 
think here of the Ice Ages. There were many ice 
ages on this globe, but average temperatures 
dropped by only a few degrees. Ice ages thus 
developed slowly, and disappeared slowly. This 
allowed vegetation and animals, and later man, to 
evade the glaciers and hostile environments. Many 
plants and animals migrated east and west around 
the Alps to warmer areas in Europe, and more 
directly to southern regions in the Americas. 
Between these ice ages, warming occurred to even 
tropical conditions to give relief from the impact 
of hostile environments.

The last ice age ended only 8,000 to 10,000 
years ago. It lasted for some 1.5 to 2 million 
years, and like the former ones, was interrupted 
by warming periods. In high mountains, glaciers 
carved wide, U—shaped valleys. On the lowlands, 
continental ice masses plowed the earth surface, 
and in areas surrounding the frozen land, in­
creased waterflows put their imprint on the land. 
Thus, In spite of many millions of years of 
land-forming processes, it ̂ was this last Ice age 
that molded the shape of much of our land. The 
Pleistocene age, as we call the last ice age, is 
responsible for the present macro landforms in 
many regions.

This last statement has implications for 
salmonid stream systems, since the majority of 
them are located in mountainous land. If we 
compare our present mountain streams with the 
immense landforming agents of the ice age, for
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General category 
based on feeding 
mechanism

General 
particle size 

range of food

Subdivision 
based on 
feeding 

mechanisms
Subdivision based on 

dominant food

North American aquatic insect 
taxa containing predominant 

examples

SHREDDERS

> ^ k 1

Microns
<103 Chewers and 

miners
Herbivores, living 
vascular plant tissue

Trichoptera (Phryganeidae, Leptoceridae) 
Lepidoptera
Coleóptera (Chrysomelidae)
Diptera (Chironomidae, Ephydridae)

Chewers and 
miners

Detritivores (large particle 
detritivores): decomposing 
vascular plant tissue

Plecoptera (Filipalpia)
Trichoptera (Limnephilidae, Lepidostomatidae) 
Diptera (Tipuiidae, Chironomidae)

COLLECTORS

¡ I  ^  i

<103 Filter or
suspension feeders

Herbivore-detritivores: 
living algal cells, 
decomposing organic matter

Ephemeroptera (Siphlonuridae)
Trichoptera (Philopotamidae, Psychomyiidae, 

Hydropsychidae, Brachycentridae) 
Lepidoptera
Diptera (Simuliidae, Chironomidae, Culicidae)

Sediment or deposit 
(surface) feeders

Detritivores (fine particle 
detritivores): decomposing 
organic matter

Ephemeroptera (Caenidae, Ephemeridae, 
Leptophlebiidae)

Trichoptera (Glossosomatidae, Helicopsychidae, 
Molannidae, Odontoceridae, Goerinae) 

Lepidoptera
Coleóptera (Elmidae, Psephenidae)
Diptera (Chironomidae, Tabanidae)

SCRAPERS

(S^ j* y

<103 Mineral scrapers Herbivores: algae and 
associated material 
(periphyton)

Ephemeroptera (Heptageniidae, Baetidae, 
Ephemerellidae)

Trichoptera (Glossosomatidae, Helicopsychidae, 
Molannidae, Odontoceridae, Goerinae) 

Lepidoptera
Coleóptera (Elmidae, Psephenidae)
Diptera (Chironomidae, Tabanidae)

4
X #

Organic scrapers Herbivores: algae 
and associated material 
(periphyton)

Ephemeroptera (Caenidae, Leptophlebiidae, 
Heptageniidae, Baetidae)

Hemiptera (Corixidae)
Trichoptera (Leptoceridae)
Diptera (Chironomidae)

PREDATORS > IO3 Engulfers Carnivores: whole 
animals (or parts)

Odonata
Plecoptera (Setipalpia)
Megaloptera
Trichoptera (Rhyacophillidae, Polycentropidae, 

Hydropsychidae)
Coleóptera (Dytiscidae, Gyrinnidae)
Diptera (Chironomidae)

— _QiA*. t
*

Piercers Carnivores: cell and 
tissue fluids

Hemiptera (Belastomatidae, Nepidae, Notonectidae, 
Naucoridae) Diptera (Rhagionidae)

3 $
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