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LTL\IY\«’E}(SITX \DF NIASSACHL:SETTB Ceparlment of Anlinropology
AT AMHERST

Machmer Hall
Amherst, MA 01003
605 (413) 545-2221
Secretary Bruce Babbit
Department of the Interior
Washington, DC 20240

September 29, 1993

Dear Secretary Babbit,

Following your August statements in Connecticut about supporting the salmon restoration project in New
England, | write to acquaint you with research done here at the Department of Anthropology at the
University of Massachusetts. This information sits very well the recommendation in your department's
recently promuigated "National Strategy tor Federal Archaeology™--"Public Use of the Archeological

- Palecenvironmental Record...to help shape our present responses to changing environments."

Archaeological research at the Universities of Maine and Massachusetts has confirmed the absence of
Allantic salmon in the archaeological record prior fo about A.D. 1300. Dr. Catherine Carlson completed a
dissertation here evaluating and interpreting this evidence. A summary of her work, very well received
recently at a regional historical conference, is enclosed to provide detalls and references for the argument,

Carison's data strongly indicate that climatic warming, not industrial construction, ended the brief habitation
of New England waters by the Atlantic salmon. The salmon were not native to this continent during or after
the last lce Age. They appear to have arrived via Greenland with the cooling climates of the Little lce Age,
perhaps only a century or so prior to the arrival of Europeans. They were never abundant in southem Naw
England waters, as Cardson's careful review of historical data clearly establishes. The presence of the
“nable salmon” in waters not restricted by game marshals enchanted the English, who advertized the
salmon lavishly in their recruitment literature. Similar public relations exaggeration is a well known aspect of
the exploration narmratives from North America-- you are likely familiar with the claims for gold.

Late in the 18th century, at the time of industrialization and the construction of dams and canals,
atmospheric carbon dioxide began its modem rise. Climatic warming following the Little lce Age was
essentially coincident with the industrialization of New England's rivers and alse with the disappearance of
salmon from the waters of southem New Fngland  In this case, only the eoincidence of development with
the salmon disappearance was interpreted as causal.

- Among the advisars for Catherine’s dissertation was a very competent fisheries biclogist at the University of
Massachusetts, who finds no problems in her argument or conclusions. However, when the information .
was presented o persons associated with the salmon restoration project locally, their response has been
denial and dismissal. Although all of their objections are anticipated in the dicsertation, riothing new has
been offered in rebuttal or refutation of any of the data. '

Given the reeulte of this rescarch, ( befieve that additional federal financial aupport of the saimon restoration
project in southern New England is unlikely to be rewarded by results. The disappointing results to date fit
Or. Carlson's expectations very well. { urge that your department (the National Bilogical Survey?) inquire <
further into this matter and reevaluate the level of support appropriate for the agendas of optimistic game
fishermen. Only a retumn of near-glacial climates will bring Atlantic saimon south again.

Sincerely,
GNAL LS Lah e (e cé” (
-\
N

Dena F. Dincauze, PF;D"
Professor of Anthropalogy

ENC: toxt of "THE (IN)SFGN‘IFICANCE OF ATLANTIC SALMON IN NEW ENGLAND, 13 PR
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FROM  COMS. RIVER FROGRAM (ES3

United States Department of the Interior

FISH AND WIL.DLIFE SERVICE
300 Westgate Center Drive
Hadlcy, MA 010358582

In Reply Refer To:
FWS/Region 5/83041

Dr. Dena F. Dincauze

Professor of Anthropology

University of Massachuseits at Amherst
Machmer Hall

Ambherst, Massachusetts 01003

Dear Dr. Dincauze:

Secretary Babbitt has asked me to respond to your letter of September 29, 1993, regarding the
historical significance of Atlantic salmon in New England. Ms:. Carlson's research has
fascinating implications for traditional hiological interpretations of data. Her work should
definitely be-considered in evaluating modeled expectations for successful recovery efforts.

We certainly agree that the size of fisheries populations is often cyclic which can be due, in
part, to Jong-term natural climatological cycles. Ms. Carlson makes a good argument for this
in her paper, The (Tn)Significance of Atlantic Salmon In New England. The international
scientific community, in fact, has strong evidence to support a similar theory explaining the
present short-term worldwide depressions in Atlantic salmon populations, Cyclical changes in
ocean temperatures over & 10-20 year period irnpact the size of salmon ocean feeding grounds
in the North Atlantic which cause increases and decreases in the marine survival of salmon
regardless of other variables.

It is important to note that while Atlantic salmon were never extremely abundant for extended
geological periuds here at the edge of their range in the lower New England rivers, they have
had a significant historical presence. Unquestionably, their presence has been severely '
impacted in the last 200 years by industrialization. Salmon populations have been destroyed, .
and cause and effect relationships have been demonstrated directly implicating dams and
associated lack of passage and loss of habitat. For example, the successful restoration of
Atlantic salmon in the Merrimack River in the 1870-1890s was abruptly terminated when a
flood destroyed a primitive, but effective, fish passage facility at the Lawrence dam in 1856.

The U.S. Fish and Wildlife Service recognizes the value of Atlantic salmon as indicator
species within discrete river basin ecosystems. Their numbers reflect water quality and
quantity, fisheries management, river development, and land management on or near
watersheds. Conditions that favor salmon favor most other native species and aquatic life
including American shad, river herring, and sturgeon. To this day, these rivers and their
resident species continue to provide both economic and social benefits to communitics within
the watersheds.




Dr. Dena F. Dincauze

Our attention to these particular fishery resources in no way diminishes our concern for other
fisheries. Ms. Carlson cites the rclatively greater historical importance of groundfish, like
cod, to New England's commercial fisheries. In the last two decades, the New England
Fisheries Management Council (of which the U.S. Fish and Wildlife Service is a member). in
cooperation with the Department of Commerce, National Marine Fisheries Service, has

expended many more dollars and agency resources to manage the New England groundfishery
(cod and haddock) than has ever been expended on Atlantic salmon. Clearly, over fishing 1s

the primary environmental factor influencing cod and haddock populations.

It has and will continue to be our goal to conserve and restore native fish populations and

their habitats which have been recognized as critical components of larger ecosystems. This
is especially important since we are both stewards of and elements of these ecosystems.

Whether a species has been a significant naturally occurring element of a particular ecosystem
for centuries or millennia should not be a factor in weighing our relative stewardshlp

responsibilities among species.

Thark you for expressing your historical viewpoint on our Atlantic salmon restoration
program. It interested me greatly and I assure you that we w111 consider its nnphcanons n

our ﬁ:turc evaluations.

Sincerely,

Regional Director




By
Joseph N. DeCola

v

U. S. Department of the Interior
Federal Water Quality Administration -
Northeast Region
New England Basins Office
Needham Heights, Massachusetts

August 1970
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fackground and Scope
Under Sectioh 3a) of Hté fvederal tiater Pollution Control Act;

‘ Hnemhaxyofﬁwinherintiﬂdheetedbodevelopmmlmive
programs for eliminating or reducing poliution of interstate waters
and tributaries thereof considering the improvements which are
necessary o conservé buch watsts fot legitinate uses including
propagatiodi of fish and othet Aquatic life.

Sectlm30:)ofthéﬂct&f&&ﬁﬁm£lnﬁxes\mwyorp1md:ﬁ
ofmwmawirbyﬁﬁmtpéofmim Blneauofneclamatim,
'awmmm.miﬁmﬂmMihgimwMu-
simofstoragefetteg\ﬂaﬁdibféttémﬂmforﬂupmposebf .
water quality control: 'ﬂ\eibaaﬁwuﬂval\nofsbomgeforﬁ\ﬂ
pmposeﬂmnbede&mdredw&wégadeewiﬁlﬂ\eadvicéof
the Secretary. :

" tn both tha deveicpient 6f edibrehenaive water quality
programs &nd stresflov FegulAblch Gytemd for vater quality control,
&Qﬁhﬂp&ﬂiiﬂ&&&ﬂ%hﬂﬁna@bﬂlﬁdﬁo{
~ festoratioh ict of 1965; & mﬂw fishery !estontim fprogram
has been initisted for thé Cormecticut River Basin. A copy of the
mmammewhmuapamagsuuuam

#ishery agencies i liicluded in Appendix B. The cbjectives of this

pmgrangzeﬁot‘ealizatheﬁﬂlpofmﬂalofﬁnﬂslnﬁ!mof

‘ﬂwnwtinchxihgbothamdmmuﬂmsida\tm . Small runs

of Atlantic Salmon (Salmo salar} have been restored in the Machias,
Dennys, Plaasan;, East Machias, Narraguagus and Sheepscot Rivers in
Maine, m\dﬁlepos‘sibilityofmshotixqﬁmin‘oﬁlerhmghxﬂ
rivers is being explored. From the standpoint of water quality, the
salmoi 18 oné of the. most sensitive species which is being considered
uﬂarﬂne:eshoratimpmgrm The water quality requirements for the -
Atlantic Salmon will, therefore, puyamgemuiné;edevelcpmt
of & water quality management prograi.

tbjectives
'med:jectivebfﬁusxmtis‘hopreemtasumaryofthem—
Sultsofmsea:dxuﬂimtigatimmﬁ:émtgtqmntquuimmts
for Atlantic Salmon. It should be noted, however, that the information
milwiemwaherqmntyrequimmtaﬁorAﬂantlcSalnmiandted
Alﬂnx;hadaqmteinfomuﬂmeudsmmmyqenmdbmperaummquim-

ments at the egg stages, ﬁsnmuesd/aalwiﬁlwaharquanty require-
-Mts'dltingoﬂntﬁmshwatersta@s.‘ Md\ofﬁlemmtdedexpe.ri-
mwm&ﬂmmm@swmmyhm«mum
m@erahnumﬂdiswlvequqmmmmﬁdd\bamlypendt
salmon survival. neuwammnofﬁmimmtymwwuvh-
adaquate for feeding activities, growth, reproduction and normal

e
*
'ﬂaltfeqcleofﬂ\ehtlmttc&lmismtainedinﬂppe\dixh
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wi.m:l.nq perfommce md, this, camsot be used as water quality require-
: nents Some amllant infonmtim exism on t:he requirements of Pacific
Sa].nm during fresh water atageé -mu infomati.m can sq:plenent the
available data on Atlantic Salmon and can aid in mbﬂ)lishing hentative
vater quality requiremsnts ntil wmis a‘:rriedo.ut.‘

A B R T

B I A S T AT

" II. SIMMARY

$a ‘

Concentrations of dissolved oxygen, carbon dioxide, toxic pollutants,

: together with temperature and pH levels gzeatly affect pmductivity of

fish. Near air-saturated dissolved oxygen concentration with maximum

‘ berpezahn'smtexoeedingw%isopﬂnmforgxwthandactivityof
Atlantic Saimén.  Extended exposuze of Atlantic Salmon to dissolved oxy-

gen concenlzations belcw 5.0 mg/l tetpetamres ai:mre 20°C, or various
toxicants causes their !eduction or elimination from the envimmen(:

AT

Dissolved oxygen requirenents for Atlantic Salmon are highest during

”ha(:d\j.ng and at other Stages during per:l.ods ofhighactivity, such as
'mimdngagainstctnmtsaniforagingforfood 'Ihem:ygmmquixedto

sustain act.tv:l.ty varies w:lth water tanperahme and dlao with appzmmt

lwatet velocity dutlng elbrymic stages As tatperature risll, metabolic

acttvityrisea causinganhmease inmcyge:tequirerents forall stages.
Buring embryonic developlmt, apparent water velocities of 100 cnyhr and
above are necessary to insure delivery of oxygen -to eggs and alevins
which are buried within, the gravel, of the streambed. .. Spawning. areas
should remain. free of silt since sedimentation causes- reduction .in appar-
ent water velocity.

-During embryonic development of salmonoids, sustained dissolved
oxygen concentrations below 4 or § mg/1 or low apparent water velocities
cause retarded development, hatching of weak sac-fry, malfomity, and
rortality. During other stages, concentrations of dissolved oxygen below




.sngllserinnlynskictadmﬁwabnityuﬂnedwegtwﬁl Although

juvmilchtlmticsdnmmdﬂetoeudstinﬂxelmyatdissolved
aqqmmﬂaﬁasulmdaangliatwpemhmofzo"c such low
concentrations are inadequate in nature.

dissolvedaqgmmx&atim!iimldbeatleast7nq/1wimqpuent
watervelodﬂ.esmtlassﬁmlooma Ifapparentwatnrvelod.ty
uw,ammwmmmwmmumatmw
air saturation is nlcessary for nommal development.

V;Atparr,mltuﬂuiﬂi:shges rormal productivity requires dis-
wlvequgu\mmt&atiasofﬁng/iuﬂm Minimm dissolved
mmmmmsusmnmmwma mr
amepoxuauofaaﬂmweaaxhrgnﬁgmum,mmmmuomd
mmmtidldmldbemsml pissolved oxygen con-
mhmsmnmdmwmabm&mmmmm

upamhmatéu&dn‘elyhpcrtmtwﬁnmﬁmw
healthy Atlantic Salmon. maahmg:eatlyaffecmmubon-nud :
gsunlly&m%ﬁaemmtahmdmblesﬁuaq@mmpﬁmof
salnuloids. Growth, activity&dmlgratiasofhﬂuﬂcsﬂm\m
alwlugelywml]ﬁbyubiu&waberwpetahmvhidxmtmw
mﬂmﬁngbefme@amimjuﬂmlhnbadmofeggwiu
occur. For exanple; ﬁgpuminmssofd)wtn%pmcl\ﬂsmm'
nﬁmofmlpo&cmmmuwdhspm.matw
of about 5.6°C to 4.4°C. mmaigmruxudammm\tofeggsaoes
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not proceed at tenperatures above 9°C. At 12C, at least 50% mortality

. of eggs can be expected, and hatching alevins will be weak or deformed.

Subsequent to hatching in the spring, however, warmer temperatures are
required for optimm growth of the young Salmon. Optimm temperatures
for best food cansumption and growth rate of salmon parr are in a range
of about 15°C to 19°C. The optimm temperature for post-smolt salmon
has been recorded as 15°C with salinities of about 10°/00. Although
thermal optima for the growth of adult Atlantic Salmon are not available,
mature salmon apparently require mich cooler water than juvenilas
Achxitsalnmlh&eenlmdwahemhmbeenfanife_edirqmﬂgzwmgat
teparatures &5 low as 2°C—a temperaturé known o irhibit feeding and
growth of parr in rivers. vhy adult saimoh seém to prefer cooler tem-
peratures 18 not knom, but is probsbly related to physiological
changes that occur during and after smoltificatichi; as vell as
acciimation of adults tb cooler sea temperatures.

Atlantic Salmon do not tolerate high temperatures; and excessive

stress or martality of salmon occurs as temperatures exceed 27°C -
29°%. In addition to dissolved mcygm/mnttatims, principal among
the factors determining the tolerance of Atlantic Salmon to thermal
elevations is the prior acclimation temperature. lLowering or raising
the acclimation temperature causes a corresponding reduction or-eleva-
tion in the upper limit of thermal tolerance. Salmon that are accli--
mated to low tenperatures are particularly susceptible to death fram
thermal elevations. Sudden 109C - 15°C temperature rises will cause
serious adverse effects. In the laboratory, juvenile Atlantic Salmon

o
o SRR
P o



acclimated to 20°C were just sbié tb tolerate temperatures of 27.56C.
At an acclimatich temperature of 13°C, however, a 14.5°C rise to the
same temperature of 27.5°% produces 50 percent rortality in just under
2 hours for the same age satnon. e
in nature Atiantié Saimoh part undergo & continual year-round
process of acclimation &5 thanglng vater tenperatures, while adult
sainon returning from the sed to spibin; may not fully acclimate t3 the
wammer fresh water, and ths, wictld e tore susceptible to death from
high temperatiires. Mortality of adult Atlantic Salmon from heatstroke
mmmcmamwawé@éézs%-m%.
'renperatures do fiok hive bb reach lethal levels to cause undesir-
e effects wponi salron popiilations. plgrations of smolts il cdsse
b waber tapardbifed Gisesd 100, & adutts iy not ehter line
sivers when temperatiires &xosed 33°C. Temperatures sbove 200C; however,
mwduwofa&nesmmadmmmmwﬁm‘ ¥heni
Atlantic Salmon afé Bubjectsd to 4uch high temperatures, they will
require about 10 days at feduced water températures before they will be
active enough to respond 0 angling. 1n addition to these éffectd;
bemperatures 1 & rangé bt shoit 20°C o 27°C, although not directly
jethal to Atlantic SalwoH, greatly increase oxygen requireients, favor
the growth of undesirabld dlséase organisms which are rapidly fathal
to salnon &t high berperdbures; and enhance the development of iore
thermal tolerant fish that replace salmon throuh predation and cdtpe-
. tition. Maximm terperatures for tearing of juveniles and migration
of adult Atlantic Saimon should not exceed 20°C.

-8 -
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ing fresh water stages, Atlantic Saimon in Maine are typicall

found in very soft waters with a total alka].i.nity less than 20 ppm andy
:

wiﬁl a w zanglng fram 5-7. In other areas, Atlanti c Salmon have been
found in alkaline waters with a Ei‘l above 8. l’ost pzoduct‘l.ve Mulﬂtials
s

offLshé:efotmdinwaberswhemﬂprrangesﬁméSto 3, &
. 8.5.

Salmonoids are tolerant of relatively high carbon dioxide concen-
& i
tration at all stages in development. However; since carbon dioxide

3 ;
causes an increase in the' dissolved oxygen requirements, carbon diomi
5 3 ; £ :
concentratiohs should not exceed 25 my/1 %

. A:‘mhold or incipient lethal omcentratims of copper and zinc
r 3 ary
v ﬁg:t:: r pan' have been recorded as 0.032 my/1 of copper and
it ’ of a mixture contalning halt of these concentrati

ébftwaht (14 mg/1 a8 caco3) . - Avoidance by aduit salmon in o
toc@ér&ﬂdmbonudmbew bﬁmwhasbemd‘om:tm
by bmadiah blologists: Utilizing the concept of taxic wnits to 5
pf::;: mHMm‘mm (toxic tnit = concentration of substance a::::all
i ;—d ﬂ:nh:;pi:t’ lethal cdxcantraf/-im)' investigators have shown .
byélpvelofo.étmt:ﬂu!: mw@w&mhm”m
s m s £} while si?nifimt mic?mwe reactions of
i . s-w‘o.‘la toxdc units of W?* + 22, m
ponmmmthgw berms (?f A.tlantlc Salmon, levels of zinc and copper
Wo.zswoﬁ@nﬁnﬂgmﬂxgp&sﬁhmﬂhﬁhmﬁw—

+30 toxic units should not cause avoidance reactions

in salmon
¢ Providing other water quality is favorable.
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Information concerming the éffect of toxicants upon Atlantic Salmon
is limited. Based upon availsble data, the National Technical Advisory
Comittee (4) has reccrmended the following: Concertrations of materials
that are n&xpexsisth (half life of less than 96 hours) or have non-
cumalative effects after mixing with receiving waters should not exceed
1/10 of the 96-hour TLm valué at any time or place. The 24-hour average
of the concentratich of such Bubstances should not exceed 1/20 of the
T value after mixing., For other toxicants; concentrations should not
exceed 1/20 of the 96-hour Tim value at any time or place and the 24-hour
average of the ochoentrations of these materials should not exceéd 1/100
of the 96-hour TLin. e

Because of ‘tdv”étsé il sting water quality, the TLm value of heavy
metals, pesticides and other tosicants can bée considersbly lower thah
the estimated or anticipated éoncentration. Stream Wmd sbove
20% and dissolved okyaen coticentrations below 4 or 5 g/l greatly in-
crease the susceptibility of Balmoh to industrial and agricultural toxi-
cants. For this reaschi, exdsting guidelines on safe levels of toxicants
may be inadequate in sare cades.

Table 4 in this paper, fickee & Wolf's Water Quality Criteria (42)
and the Report
same qoodinfo‘nt\admmﬁihvalués and the recommendations o deter-
mining safe levels may be aployed to determine tentative quidelines
for Atlantic Salmon until further research is undertaken. -

III. DISSOLVED OXYGEN REQUIREMENTS

Introduction

Dissolved oxygen requirements of Atlantlc Salmon vary with the
fuffen‘ent stages of theif life cycle. bissolved oxygen concentra-
timsduting embryonic stages should be neat saturation. Similarly
%w&x&&ﬂmsofmmmmm&tﬂémuﬂa&ut
gugea&mmqpex;odéofhighacuv&ti&nmd:ésmmagamﬁ
'cux_tm&;&:dfo‘ragh;g'fotfobd. tmmtraumsofmqqmm
as3ot4ni3/1ueinadeqmteshmﬂwyca\;sémidistedmﬁmin
&ua’}a_ctivity and growth rate of salmon.

Watér velocity ar.d temperaturé dlso inflience the dissolved
dcygmieqlﬂmmtufoi-sahm hltin@thééfbrydﬂasfage,alﬁgh
mﬁm&:mqﬂum&yﬁomaﬁmmwm
ugamuopwwmuemmm&mwofmm
(redds) at an average depth of ten lhches.: 1f the apparent water
velocity i¥ insufficient, few developing énbryos will receive enough
oxygen for normal fretabolism. mrpeé"ah&egte&tly‘afféctsﬂ:em&ygm
réqnit‘exen{:‘dnximmfyétage of thé fish's 1ife. Oxygefi demand can
;Wuwwmmmdmmmmm-
‘ fleauuly,mnmmw&fwmwinmuﬁu
aomt of ciygen that 1s necessary to maintain proper metabolism and
activity of saimon.

e )
apparent water velocity is ‘an estimate of the true velocity of

the water flowing through the
at spssming bed (redd) and
:Ym'Viding vv:uluned.isc.:hazgepe\:unit:t:i:nebyt:hlt:mssj.fsect.lnnalm‘mu‘lated

S




Oxygen Requirements bud:gtnbzymic Stages

Laboratory studies wpoh developing Atlantic Salmon eggs Gemon-
strate that oxygen demand increases greatly with age. Rdleumking
with. Atlantic Salmon anbryoe at consnnt temperature, Hayes (1;2)
found that respiratory. rates were lowest just after fertilization
and highest just prior to hatching. Other experimenters, working
wiﬁaPaciﬁcSahmdtbzyds; &]sofanﬂﬁmtirmeaseddevelmt
hdimﬂymhtndb&limeaselﬂm:ygendenmd (3). Thus, for .
'salnon enbryos, thers 18 & continual incresse in caygen demand that

&aﬂmhﬁmimhbhtﬁﬂ&@exﬁhneﬂjwtpﬂwbmm
dﬂ.d\isﬁ\enmﬁctmlaip&lbdforﬁxedevelcpirgeggs Beiowi
critical dissolved bxygdt cohcentration normal metabolic activity,
ofmmucsmmvinhefeé&icud i\sstmnint‘igurei
mmmnmmhu%ﬂ&adémmtwmwm
.critical dissolved oxyﬁn ud\cenl:ratims are plotted just ptiof to
u;emedmgouumticsdmneggs At a tenperature of 17°C, .
midnismi:shmtia]lyabovemmlhnbndmmpemum At]mtic
‘Salnmeggsjmtptinth)hatchinqmquhemjnimmdissolvedmtygm
mwamtimsofﬁ.?vmg/lﬁonqintain:espinwtydamﬂs At 9%
pommal development of Atlantié Salmon eggs just prior to hatching is
muhadby&iséolvévmqg;t&ﬁcm&atimsofm7ng/1..ﬂta .
t:erperabne of 6°C, the critical dissolved oxygeh concentration 18 O\LL (0

-3¥Nivy¥3IdWNIL
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L

~.above normal for. incubation.:

PNOTE e e
i - Temperatures above- |0 °C are -

7

CRITICAL DISSOLVED OXYGEN mg/I|
FIGURE I. Critical dissolved oxygen levels for Attantic Salmon eggs just prior

to hatching at various temperatures. Data from Hayes (1;2)

and Lindroth (5).
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TABLE . Trout egg mortality compared with intragravel oxygen concentrations
and intragravel apparent velocities dt wintér incubation temperatures.

: o : : : Taken from Peters (7).
The National Technical Advisory Committee (4) recommends an
absolute minimun dissolved oxygen cohcentration of 7 mg/1 in spawning Siatla
areas of salmon and trout. This vécammendation is quite consistent Number Mortality, % Average Rangé Average Range
uith the asts preseatad 14 Pigure i, einoce embryonic development of ! 5 7.8 74108l ' 82 751090

o " 39 78 73108, 6l 551085
iid : vatat temperature up to about 9°C. ; :
Atlantic Salmon occurs in vater i 90 7.6 710 8. 43 15 t0 85

: Apparent velocity,
Oxygen Concentroh.on, PPM byl

It is important to realize that near saturated ccncent'.tati&m of : I‘\,I ‘ ;? ‘ :::o :; z; ;'o::
dissclved cxygen ih the wabst diectly sbove the stream bed may be , $iir -
xéqbitedtoé@t&ih?fng/iéfdﬁsblvedquwwiﬂdnﬂwmdds.’.
Boological factors such &8 petiphytic vegetation, slime growth, silta-
tion, uﬂﬁaehwerwbﬂ&gﬁmﬁummhavemmdmmdﬁt
ocould seriously deplets thé oiygen supbly of the percolating water
before it reaches the incubating eggs: Oxygen depletion is especiaily
;ﬂgh in polluted aread thit contaln large ninbers of invertebrates and
cxygen demanding benthilc depobits.

360
340|

Stof Station IV ;

so0o|.
200

200} { A
L Station V

240,
220]
200

idol - Station Il
180

1do L—_____.J
120, s L 2
ioo Station Il

Salnmeggshxied\dﬁ\ihﬁiétedds are entirely dependent tpon
the sub-surface movenéht f VatEE t Bupply them with the ciygen-
necessary for survival and debltfh figh apparent water velocitiés
ate necessary to carry Mway fibtabolic waste products in sdsition o
delivering oxygen o B&immoid énbryos. Llow apparent water velocities
may result in a build-up of waste materials causing a lethal micro-
enviroment. Wickett (6) deonstrated that éven air-saturated water i
wold not sustain esbryonic 1ite of Pacitic Salmon i the apparent e
water velocity were below .05 cwhr. beters' (7) experiments (rable 1) . °H
e B R S Rk s ore g o eicyid FIGURE 2. Monthiy avérage sedim'en' concentro'idﬁ from five sampling

stations in Bluewater Creek from Nnvember, 1961 through
January 1962. Taken from Peters (7).
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of salmonoid enbryos i8 affecbed" by the apparent water velocity since
rainbow trout eggs; iikesalnm, hxctba(:einredds Coble's (8) ex-
periments have also «h-u\strabeé that mortality rates of salmonoid
enbryos are increased 'ﬁlﬂ‘t 1o &pparent water velocities.

Changes in Queam bottein cmposltion from siltation can restrict
ﬂlepe:wlatimmbeofwater&uddtﬂxeredds 1f (:héstteaniaed
is heavily silted, the apparent water velocity is so drastically re-
duced that even air-saturated watsr would not produce successful
hatching of salmonoids: Tablé 1 atioks thé effect of apparent watef
velocity\ponnortaiity&taﬁbd&&wteggs placed seven inched
deep within gravel redds at Bluewatet treek, Montana during wliibér
conditions. The cuncénttal:.{dxﬂ of dissoived exygen within thé redds
(the intragravel dlssolved oxygen ccmentratims) durlng the &xperi-
ment were cm{:iau&iiydimlé&ﬁ;/i Based ori data from Table 1 and

Figure 2, a decreasé ifi apparent water velocity at each station 18
associated with & mmpommg fcrease in sedinentation and trout
mortality. At Station tit (tabls 1) when the average apparent veloc-
ity is 43 awhr, a 90 percent fortality bocurs: this velocity 18 in-

subficient to meet tis okygen deiands of the developing trout embryos.

At Station 1, vhere sedimentation 18 minimal (Figure 2) and where the
sverage spparent veloclty is 82 Guhr (Table 1), the mortality is
estimated to be only five percent. Therefore, high sedimentation of
ﬁespawnhxgbedstéd&éa&né&pp&r&\twatervelocitymﬂaecmam
ﬁ\es\wlyofmcygento&xedeveiopingerbryoswhid\multsin
{ncreased mortality. Low apparent water velocities could also cause

covering of the eggs by suspended sediment resulting in oxygen
deficiency. l

Based cn the cbservations of Wickett (6) and Peters (7), assun
ing sufficient inttagravei dissolved oxygen concentrations (see
Figure 1), apparent water velocities greater than 100 aw/hr may
m@t in the slpcessfgl hatching of healthy salmonoid sac-fry.

Laboratory experiments oh salmonoid embryos have demonstrated
that the usual result of oxygen deficiency dur:lng enbryonic stages
is a significant reductici of successfully hatdling sac-fry. In
flowing water &xperiments with coho salmon embryos, Warren (9)
demohstrated that dissolved oxygen concentrations evefi as high as
5 mg/1 at & watér temperature of 12.-5:°c did not produce satisfactory
hatching. Garside (10) reported that extended expostre of lake trout
embryos to an average oxygen concentration of 4.2 mg/l at a water

temperature of 10°C resuibed in high or total elbryo rortality.

Alderice (3) recorded that sevem—day exposure of chum salmon enmbryos
at various developmntal stages at a constant temperature of 10°C

and dissolved oxygen concenttattms iess than 2 mg/l resulted in
three prominent zesponsa‘ tetarded enbrycnic dzveloment, deformed
sac-fry, and mortality, The apparent water velocity for these exper-
hrents was 82 an/hr. The median lethal dlssolved oxygen concentration
was eSt.ilrated to be 1 2 ing/1 at hatdxing snvez (11) noted that all
ﬁleetb:yosofdumsa]nmamisteenleadtmutdiedafterexposute

to a tenperature of 11C in flowing water at a dissolved axygen




. concentration of 1.6 mg/1. . In another experiment, Silver raised the

dissolved oxygen concentration to 2.15 mg/1 and chtained & shccossful
hatching of sac-fry. However; the sac-fry that hatched were excep-
tionally weak and aoadl. Eubli diidividgais would not be strong enough
to survive emergence fram the. ovetiying gravel in nature. Thus, low
concentrations of dissoived dxygen during enbryonic development for
salmonoid species result in retarded developrent, hatching of weak

and small sac-fry; malformity; and mortality.

SALMO GAIRDNER| SALMO FARIO - SALMO KAMLOOPS
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m Requirements During Juveniie and i&dult Stages

o

The concentratioh of diséoived oxygen that is required by free-
Swinming salmon {8 largeély dependent upon water temperatime and
activity of the fish. Actit Balioholds cohsune fram three to Hve
times the amount of oxjgéh 48 testing fsh, while a temperattire if-
crease of 10°C genstally doubles oxygert consumption.
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Fry (12a) denchstrated the relationship of cxygen uptake and tem- .
s s e Ll ey i : L . B 0ris s as >3 Bl — ;
mtm for thzee Specles bf ye&tif.x\g trout, genus Sah?, in both TEMPERATURE - 'C TESMP:RABUZO i, 5 10 15 20 25
active and resting condition (see Figure 3) The oxygen consumption ‘ /T RE-°C TEMPERATURE -°C
for either Salmo galrdneri bf Salmo kamloops ranged approximately from . FIGURE 3 ;
e S Gk R g e : : i ; ; 4 3 URE 3. g | P
60 cc/kg/hr at 10% & i‘:ﬁ Oc/kd/}lr aE<20°C when resting. For bhe f":':”::y l;:;‘;‘)‘" oxygen uptaké and temperaturé. Token
isame f£ish during periods of activity, the oxygen consurption fanged - ‘ |
fmnzascc/kg/hratiocﬁodmt3900c/kgnmatzoc whenhy
suiptich rats for galmo fario, he found thaf: at

locaﬂzocmtxeéﬂrijﬂshﬂ\ecmsmpdmwasGOw/kQ/hrm

135 cc/kg/hr respectively. The active respiratory rate at 10°C and




20°C was about 200 cc/kg/hr and 350 cc/kg/hr respectively. Several
oﬁuerexperinmbezshavéalsodaramtratedﬁmttheo:qgen:equimd
by salmonoids is affected by temperature and activity (12b; 13; 14;

TABLE 2
OXYGEN CONCENTRATIONS BELOW WHICH
15; 16). : THE ACTIVITY
OF THE FISH NAMED BEGINS TO BE

Taken from Jones (16)

The activity of salmon can be seriously limited in oxygen
deficient conditions. Table 2 gives the dissolved oxygen concentra-
tiusbeldiwhidlﬂnabtlﬂtyofﬁﬂaﬁ fish, including certain
salmnids, begi.nstodeclh\é ‘lbbesxmessfulinanat\n‘alawi— :
ronment, salnm fust bé capable of pesisting high currents, escuplng
from predators, and foraging for food. Such activities necessitaté

ahighmcygmcmsmptlmthﬁ:embenﬂintaineda\lybyhighuir _g; E

centrations of ambient didsoived oxygen; . Low concentrations of
dissolved oxygen 'seriously pestrict activity whidl may be measured

’byld)otawtfe:pednd\aa _

t

3

(17) dsratﬂidbed that teducl:lm of dissolved ooygen causés
am&mﬂmmwmwofjmmmmd\m
sahrm mqgmmm&aud:&dnsahmﬂmmmvelsof7,c.5,l,
mﬂ3m/1mdwedtheumdmmmbah\edswimdnqspeedsofjmﬂe
oo salmon by skt 8, 8; 13/ 20, &nd 30 percent respectively. the
mpdﬂillqpumtagem&bﬂmsofﬁxewimingspeedofddmdt
mmmmtgmhet&daveragedio,n,zo,n,maasper-
cent respectively. Thus, &:ﬁvity&sneasmedbyswinudngperfom
i8 considerably restricted at low dissolved oxygen concentrations.

OXYGEN CONCENTRATTGN

®0¢v0s0000é 0
060000t scns

Perch .

teceseisinis

Speckled trout i..iis .

» []
e sesbse

L h
sdobes

Lake trout (1L yry.::i

"lyn....

2.5 p.p.ii,
9.0 p.p.m.
11.0 p.p.mi.
7.0 p.p.fi.
6-7. p.p.m.
6-7 p.p.m
;9.0 p.p. .

~ abt. 2/3 saturatioh ..
. abt. 3/4 saturation -




Experiments by Davison (18) with juvenile coho salmon show that
growth rate and conversion of food to body tissuves are signiﬂcantly 3
reduced at low levels of dissolved oxygen. After five tests at cxygen - LDIITIN; o
SURVIVAL MIWIQB (!’ OXYGEN
concentrations of 4, 5, 6 and 8 mg/1 in 20 C water, the mean weight
: . SALMON AT vnnxous TEMPERATURES
gains after approximately twenty-four days were recorded as 56, 68,

g5 and 92 percent respectively. The increase in weight of each fish
; Dissolved
per gram of food consumed averaged 168, 188; 216, and 220 mgms, respec- 3

g S , : : Oxygen my/1l  Temperature-°c State
tively. warren (9) obtained results gimilar to Davison's and also S

teported that high oxygen oconcentrations produce the best growth rates 1.51 155 Fingerlin
: 2.85 - - 25 : %

1.89
2.78
2.15
2.90

and efficiency in conversion of food to body weight. The experm(:s

of Davison (18) and bavis (17) indicate that significant reductioh ifi

‘swimming speed and in growth rate oF salfon occurs as dissolved okygen
cohcentrations are reduced beid& 6 ta/l.

i
The dissolved oxygen concentration at which the activity of ftee- Sockeye Salmon 2.4

swimming salmon is camplétely restiicted and is only capable of exist- Chinook Salio 2 i 2 4
ence is referred to 48 the 1imiting fével, beiow which mortality will Pink Salnon Lo
occur. Limiting or survival eoﬁcgn&aum bt cixygen have been de- " o
termined experimentéily for somé Free-swimmihg salmonoids at various Coho (Silver) sabmon 1.2-1.24
temperatures (Table 3). ‘Ihe 1ifitihg oxygen concentration for A{-_lantic .. L i
salmon fingerlings is 1.51 g/l &t 159 and 2.85 mg/1 at 25°c. For .
yearling Atlantic Salmon, limiting dissolved axygen concentrations are i i 7
1.89 mg/l and 2.78 ma/1 at 16% 4hd 25°C, respectively. For parr, the w i 515 iy
;imungoxygeneum&aud\satloCarﬂZOCarez15mg/1amz9o :—— ’
fg/1l, respectively. Although these datd demonstrate temperature 2.05 .t;?m' Sl ;; m{ :::1 g.olu oxyr fanied e

1.65 20
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effectsmllndtingmcygelm&aﬂons,oﬂ\ervaﬂabiess@as oxygen concentrations may be as low as 5 mg/l for periods
mg/1 for
growth, swimming, arﬂmmaloveraliactivityasﬂ\eyapplytoﬁxe i e

hours,
but should never be below 4 mg/1 at any time or place

natural environment are excluied In nature, oxygen concentrations =

is important to realize that sustained concentrati oF
adeq\ntebonumu?inpmducﬁveleveisofgtwthmﬂacdvityaxe 4

. | belengAmﬂdbeinuieqmteforAtianﬁcSahmﬂomﬂd
: o o e cause & block to migration

mined by laboratory analyses. This factor is significant in evaluat-
mgﬁredatapteeenbedin'rable 3. naa:mexﬂedmininundissolved

cuygen requirements forsalminﬁmt\malmvimnentshaﬂdbe
2-3.5 mg/1 above the concentrations indicated.

pissolved oxygen ocmenu'&tims which are necessary for salmonoid
ﬂshwnaintainwlﬂrypopun&mﬁmhigh,pardcumlymum_
ing areas. Ellis (21) demonstrated by tleld chservation that streams
"vi\idlpmdweagoodfishpthtlm&)mthavedlssoivedmcygmw
centrations below 5 my/l. Tarzwell (22) noted that trout and salmoni
axemtusunllyfomﬂinmbenwhemmininmdissolvequgmm
trations are less than 4-5 mg/1. Havey (23) récorded that Atlantic
Salnmofthemimkivetinﬁainemt}taingoodpopulaﬁuﬂﬂmwater
harperaunesambelwﬂlCmdwfmdissolvedmygwcmcen&atiaB
dre 5 mg/1 and above. mwauamimdmcalmmycmmime(d)
xmﬂsﬂntforgwdg:wﬁla!ﬂga\enlwell-beingofuwtuﬂ
salmon, dissolvedmtyga\mtratiaxss}mldmtbebeh!dsmﬂ but
inextmemmayrmgebebvemeﬂSmg/lforsmrtperio&W
videﬂﬁ\atoﬁxermtntq\nlityhfamable. The Committee also indi-
mwsuntinsueanwtﬁdxserveasmigmtaymuwsaﬂy,dmolved
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= >Atlantic8ahmcmm‘l:b1érdtﬁvery‘high temperature elevations.
For example, temperatures of 37° to 28°C cause 50 percent mortality
of Atlantic Salmon fingerlings in imder five hours. Thermal require-
mmespwhnywﬂm’itmiyér&yu\icmﬂhmlsuqef
durh\gvhid\tinetisstzatdugansmmtye{:fullydeveloped with
an increase in age, mt;l%mmmapableofwlaé#m
higher temperatures (24)gmﬁuiao1mmfe_nbaw@
zone in which existence 18 possible for extended periods and in which
deaa:mmtdmaoielywbe:wamdm. ﬂle\;aperiimitéf
ueuemlmhmntmhd&ﬁedw,gimmimth&mw-
ture, beyond which mortality occurs (255 26).

Thermal tolerance of fish i8 particularly affected by acclimating
tenperature, which i8 that temperature to which fish are physiologi-
cally adjusted. iniﬂhﬁe.a&:iiﬁuﬁdiisacdtﬂmélyearw
lpmwss For every acclimating temperature, there is a corresponding
iethal temperature defined as that temperature at which 50 percent of
a population will dié (253 36). Adséinacciimﬂmwperahfté.
will produce a corresponding élevatich in the lethal temperaturé tntil

- 3 ﬁe
apointlsxead\edat\hid:ﬂnwclhmﬁmwm
lethal temperature. This point i8 termed the ultimate upper lethal
temperature (16; 26).
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Within the thermal tolerant zone, there is & preferred temperature
which is physiologically suited to the salmon and which provides desir-
able activity and growth. ' The preferred temperature is affected by the
acclimation temperature and an increase in acclimation temperature will

effect an increase in the preferred temperature (12a; 26; 27, 28).

Temperature also governs metabolism and thus affects oxygen con-
surption and growth rates, Temperature controls activity and movement
in salmon populations. Tenperature can also favor the growth and re-

production of mﬂesirable species which grow at the expense of the
salmon population,

Wémﬁﬁm_&ﬁkwwésm
hnbaﬂngtmperatmesofOSCto72Cappamtlydomt

affect fortality in Atisntic Saimon enb:yos (29; 30).
Hon,

Ih air-satura-
flowing watet; continted exposure of Atlantic Salmon eggs and
sac-fry in the hatchery to tenperatutes at or near 10°C caused exces-
sive mortality (29). Markus (31) found that &n incubating temperature
of 12.2°C in ait-saturated and flowing witer caused appmxmately 50
percent mottality of 450,000 hatchery-reared Atlantic Sainion eggs.
Most of the hatching sac-fry were either deformed or very weak. In
most cages, hatching of Atlantic Salmon eggs will be improductive when
incubation temperatires exceed 9°C.

Range of thermal tolerance increases with age for Atlantic Salmon.
Bishai (32) demonstrated that 50 percent mortality of Atlantic Salmon
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aiévins (sac—fry) reared hwu-mqgemted water at 50 to 6°C
mmmm%wmmmmmzm
insixhwr! Ataﬁest(mpemhn‘eofmoc which is lethal for eggs,
salmtaisvimdidwﬁde, notm&mwsignsofdia&ess

Wmﬂm&mmudm:ﬁ
(31)£anﬂ&m&ﬂnbestgzwﬁlrateefwhatd\etyreued
Atlantic Salnmocwne&hx& nmgingfzm\156°c(:olé3°c.
(o]
Alﬂn)ghacclinnﬁmaffec&ﬁnpmferredhmpenm,semim&m
indd a final temperaturé préferendun exists which fish eventually
mm w@ramgradiuﬁ:zegaxdieuOfpridraccnmﬁm (26; 33).
select a . : R
Javald (34) vorking with 3.8 6 7.6 dil. inderyearling Atlantic Salmn
invnimnwpemﬁgxaﬁimﬁ;fauﬁﬁmﬁatmmumﬂmw@en—
hmofls%mdzo%ﬁwiuvmﬂﬁﬁshinidaﬂysehctedw@eﬁt\m
of 15.7°C and 18.2°C mpecﬂwiéiy.b&hadaﬁnal.pmfemdtvnof”l?%
It is also interesting tb noté that when Elson (34) subjected salmon
panwmelacuiaisﬂml\ﬂ.ﬁ\éwtmpaﬂemtedata ;
temperature of 15°C. Opthnnbulpent\mfotmalg:wﬁ\ofjmﬂé
Aﬂuﬂcsmuainara!g&ofmis%wm%

meamdcmwwmqﬁmwmm
Mmmamaueﬁofjuvﬁdm perqusch (27) reported that
1andlocked saimon, Salmsdargﬁg(amﬁageumdmmﬁ
nvmginmmamaxewpemhmmgedfmnns%mlsz%
Saxﬂemuﬂ}!suhmm(n)iname@exinmtfanﬂthaﬁa
temperature around 15°C and & salinity near the isosmotic level

.

(ca. 10900) gave better food consumption and growth in post-smolt
salmon than temperatures of 10°C or 18°C or salinities higher or
lower than iscemoticity.

: ‘Samde:salsopointedmtmdnumdmofmsd'x.wm:\obedumt
wlmparrinﬁmpollettniwrinuewsnmid:hads&ppedg:udm
“a8 showi by their scales vhen water temperatures fell below 49C,
salnmwceninemexﬂandwatemat?-l"cmsdnacﬂwmd
hadmtyetfomedwinte:bmdsmamwaju Apparently adult
sdnmmcq:ableofgmwﬂ\atbmpemt\mfatbelwmtisom—
sideredqﬂ:mforparrinfmshwater;uﬂdndmhlymﬂmw
loéichilyﬁuimdtoﬁ(ﬂxmldetwmﬁm&ewtsm

: Ebecassivelyhighhalperatmucmmsttess mymngsalmn
aniintinisxesultinmtta.uty Elson* indicates that as tempera-
hmtisehtﬂ:daowzf’corza% salmon parr may desert their

'muniinmamﬂdriftmmm in doing so they may accumilate

mwole.rnmasaséodabedwiminﬂmingspdngsuﬂbmdm
Fimltemmdsﬁnmmtofﬂminvblvedﬁorasommnty

“of fingerling Atlantic Salmon acclimated to various tefiperatures to
.occur. ﬁaa}mtimimllimsinrigmlhﬂiaiﬁeﬁn‘ehnmlmt
‘léﬂuiﬁmpetahméwhidlmﬁnbarﬂuybfﬁéhnofbm

(i2a; 12b). At an acclimation tenperatire of 20%C, 50 percent mortal-
H.yofthe)\timtlcsdnmocctnadwiﬁunsix}nm at 28°C and within

* Elson, P, F., Biological Station, St. Andrews, New Brunswick.
PermlCummicatlm)




one hour at 29.6%. At an acclimation temperature of 13°%, 5o percent
mortality of the salmon fingerlings occurred within six hours at 26,79
and within one hour at 28.3°%C. These data indicate that mortality of
Atlantic Salmon occurs at 27-28°C in just a few hours, the exact time
to mortality varying with.the acclimation temperature,
. ¥
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Temperature is an important factor in the migration of salmon,
Meister* of the Atlantic Salmon Sea Run Commission indicated that
tenperatures above 10°C will halt the migration of Atlantic Salmon

smolts while temperatures of 129¢ will preclude maturation of sexual
products in adults.

500

MORTALITY

Ll

‘ACCUMATNG‘ TEMPERATURE ’C‘ ,
2B e T

o e e

15*

‘At 23%, Maine salmon will not enter rivers;
altlnaghmnmmto‘mmswiﬂ: fiéhinﬂxerivezsprim:toﬁxe
advent of the high temperature (Meister). Meister and Elson both

agree that i:alperat\xes‘ above 20°C severely restrict success in figh-
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ing for aduit salmon; and necessitate approximately ten days of re-

duced water tenperatures before the fish will again respond to angling.
Apparentiy,
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Fry (12a)

activity of migrating adult salmon can be severely reduced
at temperatures above 20°c.
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& result of acclimation. Adult Atlantic Salmm returning from the
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*Meister, A., Atlantic Sea rm Comission, University of Maine,
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Canadian streams #nd not fully dcclifiatéd to river temperatures died
at 29°C to 29.5°C ih & few holirs; while those salmon already in the
river prior to the development of lathal temperatures died at 30.5°C.

Stream tenperatures do hot have to attain lethal levels to cause
undesirable effects for salmch. Sustained temperatures in a range of
209 to 27°C, although probably not directly lethal in themselves,
favor the reproduction and survival of rore themal tolerant speciés
that replace salnon through copetitich and predation. Te!peratm:eé“
above 200C also enhandé thé grdith bf bacteria and other disease brgan-
isms that cari be lethal to galiion;  Elsch (see note, Page 29) indicates
ﬂmtinmeCamdimsti\eanuﬁerﬁhdydmingmzeoentyears, {
serious bacterial epidefics ocourred during the watm, loW water of‘
sumer. - Pippy and Hard (48) polnted out that sustained hich ‘tempera-
tiwes in 4 range of aboitk 209C o 38°C apparently contributed to .
rortality of salion Erdt bactarial disesses; 1n additich to these -
effects; temperature éievitimé Gcaiisé &n increase ir oxygen demand (see
Figure 3) while at the same time lower the drount of oxygen dissolved

in water.

For good growth and ﬂdgratidx bf salionoids; the National Technical
Advisory Committes (4) recofrends that temperatures should not éxceed
& maxiimum of 209C:  This thpérature mexima is congistent with, the
information gathered tpoh Atldntic Salmon.
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The term pH designates the logarit!m (Base 10) of the reciprocal
of the hydrogen ion concentration. For exanple, if the hydrogen ion
concentration designated i = 1077 moles per liter, then the pH would
equal 7. The National Technical Advisory Committee (4) indicates that
in a pH range above 6, acids which dissociate to a high degree do not
appear to be toxic to fresh-water fish; below a pH of 9, alkalies that
dissociate to a large degree are also not considered hazardous to fish.
In the same pi range from 6-9, however, weskly dissociated acids and
alkalies, if present in su_fficient quantity, are toxic and can be
lethal to fresh—water fish (36). Such substances, however, do not
occur naturally in lethal concentrations and are associated with indus-
tridl waste effluents. Thus, even ﬁt.xxéuﬁml or near neutral pH,
waters may contain acids and bases vhich could be toxic to fish.

Frésh-uaber £ish ghow tore raplaly Hnd dre sore productive in
water vhich is anghdy alkaline than vater which is strongly acidic.
Good well-rounded populatims of fish are found normally in waters
where {'hepHranges fmnG 5 to 8.5 (21; 37); hovever in Maine,

Atlantic Saimon are typically found in fresh water where the pH ranges
fram 5-7.

Carbon Dioxide

Salmonoids are tolerant of high concentrations of carbon dioxide.
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Alderice (38) fomd that Ehi 8alnth eggs were relatively resistant
to high levels of carbon diaxide under low-dissolved oxygen concen-

trattms He recorded a 50 percent nortality when the oconcentration

or carbon dioxide was ralsed to 90 my/1. Concentirations of 40 mg/1
of carbon dioxide had 1ittle éffect tpon 4uvenile coho salmon (16) .

However, increases in the caﬂxﬁ diokide concentrations cause an in-
érease in the dissolved wqeﬁ #equi rements of salmonoids (16;38
19§, Carbon dioxids condenteations not esiceeding 25 mg/1 are reccii- -

sended by the Natichal echhical Advisory Cam\ittee ).
L sy

Threshold Cmcanttatlmé of tme__r_ and Zinc

Laboratory tests céttied Bt by gpragus (40a) in water with a
total hardness of 14 mj/1 as c@;‘ 4t 17°C demonstrated that the
incipient lethal leveis“ of ﬁ\reshoid cmcent\:atims of copper )
zinc sulfate solutions for Juveniie Aﬂmt:ic galmon were 0.032 mg/1
ot 0.43 fig/l of zinc alone. The incipient lethal

of copper alone,
1eve1 for mixtures
 Hons. Similar results have b

Y\

In a ten-year shﬂy Satiders and Sprague (40b) analyzed avoidance
peactions of gpwnlnq dgraticns of Atlantic Salmon to coppef and zinc
pollution #rom mining operations in the Horthwest Mirimachi fiver in

+ Atlantic Salmor of Mokth America are typically found in very soft
watar with a totdl hardness less than 20 ppm.

# Incipient lethal ievel, threshold cuwexrtxatim. is that
lavel of the lethdl iden titybeyaﬁwhid'ttheorgmimcmmlmf

survive for ah indefinite period of time:
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galts tor rainbow trout. Takén from Lioyd (4t).
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Canada. These chservaticns are pertinént since they took place in the
natural environment without the usual limitations inherent in labora-
tory experiiental conditiohd. fhe aithors expressed the pollution
Jave]sofmermﬂzimlhtaherf ntoxdc units”. The toxic unit
mbeexpmssedasﬁlemnb:atlﬁiofﬂ\eponutmtactualiitm
dlvidedbyﬁnhﬁmlﬁmedwﬁmaﬁmdamhedfm ry

lethal
experiments. A&ndcmiﬁbeSW&iiabehilféssumgasﬂ\e

twice as strong
mdamdcuueofzwmﬂﬂbe :
threshold concentration

uﬁwleﬁxalﬁ{mshoﬁlb\iéir : ’

mzingﬁnﬂmtsﬁye&ﬂofbbﬂyd\id\pmce&dﬁwndnh:‘im
ponutim,aliton&imsttaﬁhmhnﬂofsalﬁmwsmconb:m
mﬁnfmyeatsfollddn:&\&beghhhﬂofdnmeruﬂ
pollution, a 104 & 224 downstreé retumn of nigm.ug galron occurred.
Avoidance macdms of adutt Atiantic Salmon oimned at sbout 0.35
too.43&ndcuiitsof6u2++2n2"' Aievaiofoabmdcmitnw
czmseawmlbiodtbomlgratim. of&xesahrb\mun:nimdmmsuean
bmseofpon&dm.d:wtﬂihﬁwﬂad. wamwcenbyfiahim
and 624 vers not seen agalf. heﬂmtedimsesofanmmmmm
wezeashidxasisi Mmﬁhﬁmﬂrﬂmsul{:ﬁmtocumedafw
ﬁwmﬂmﬁh&i&b&&i“ﬂﬂ&ﬁydﬂh&n&moimlym
salmon (June-July) to the headrate

e

Levels of Pesticides for Certain Wm i ‘
With the exception of a few insecticides, ‘there have been few

research efforts to deteimine the effect of pesticides on Atlantic ‘

Salmon. Laboratoryteseud], luvever, haabemperfomedwiﬂaoﬂ:er

salmonoids. Table 4 zecozds mediaii tolermce limﬂ-.s (Tim)* of three

salmnoids to various pesticides Because the Values in Table 4 do
.not indicate maximum safe levels, concentrations of materials (:hat ‘
are nonpersistent (half life of las thm96lnxrs) orhavemulmu—

" lative effects after ml:d.ng with xece:lving waters should not exceed

Vloofﬁaessmnmvalueatanyﬁneorplace The 24-hour
!verageofﬁem&aﬂmofs\dts&stmmsﬂmidmtaweedl/zo
ofﬁxeﬁnvaimafﬁernd.:dng Ebrroﬂlertmdcmts, concentrations
s}midmtemaeal/zoofﬂ\ess-m‘hﬁouueatmyumorplace
and the 24-hour average of the cawmtraﬁm of t:hese materials should
tbtaweedl/lOOofﬂxe%—lnxr'ﬂmafternﬂ:dng 'mislevelms
établished in 1968 by the National fechnisal mm Eonmittee (4).

Dueboe:dstinqstremcaﬂ:ltim** ﬂreéu;gesbedsafelevelsofbmd-

canhsnuyptwetobeinubqua(:einmmses !branhmwtplebe
teview of patlcieesuﬂthelr et‘fectsmfish nfé themadermy
wish to tefer to McKee and Wolfe s btidy entltled Water Quality Criteria

(42) and the Report of the Camittee on Water Quality Criteria'(4). -

* Medlan tolerance Limit (Tim) - The cohosntration of the testod
material in experimental water at which just 50 percent of the
test animals are able to swrvive for a specified time of exposure.

** High water temperature or low dissolved oxygen concentration gen-
erally increase the action of toxicants.
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.0084
.0177
%0099
.042
.038
0626
.0194
.044
.00058:
.0032
1.5

1.35

VI. REFERENCES

.0084
.0203
.0099
.042
.039
.0626
.0251
044
.00058:
.0038
1.35

Data Not: Available:

1.5

1, Hayes, F. R., "The Growth, General Chemistry, and
o ] Temperature
Relations of Salmonoid Eggs." Quart. Rev. Biol. 24, 4, (1949).

.0084
.0239
.013-
042
041
.0626
.0338
044
.00058:
.0038
1.8
1.6

3. Alderice, D. F.; Wickett, W. A., Brett; J. R., " 3
e A, + Jo Rey “"Same Effects of
ary I:quosm to Low Dissolved Oxygen Levels on Pacific
Salmon Eggs." Jour. Fish, Res. Bd. Can., 15; 2, (1958).

.0115
.0424
.0157
.042:
.042
.0367
.056
.00079:
-.0047

.0626

R i o 4. "Report of the Camittee on Water Quality Criteria® pxepared‘

B the National Technical Advisory Oa'mlittg~ Supt. of Docmmtsby

9 & U. S Gov't Printing Office, Wi b /
3 s 8% » Washington, D. C. (1968).

.0108
.044-
.050:
.0662:
.059--
-056-
.0005L
.0042:

.0094 -
-0459:

R v : 5. Lindroth; A:, "Vitality of Salmon Parr at Low Oxygen"
. . Rept.
P I‘i Ll : Swedish Inst. of Fresh Water Res., Vol. 29, (1948) 4

.010
.0486
.0144
.044:

- 056
.0662
.00052"
.0048°
15
997

- 082

= st by “The Oxygen Supply to Salmoni bggs in Spaming
." Jour., Fish, Res. Bd., Can.; 11; 6; (1954).

'a ' g V@ a-,’ 7. Peters, John C,, "The Effects of Stream Sedimentation on Trout

Erbryo Survival.” Bio. Prob. Water Poll, Third Seminar
1 Health Pub, No, 999-WP-25; (1964). : e

.0105
.061
.0153:
046
.056
.0662 -
.0604 * .0604:
- .086 -
.0008:
.005¢
20

997

.013
0175
.066-

- 060

: 0662
.061%

":'ia(§|ﬁ|lﬁ‘ﬁl s !
Redds on Survival of Steelhead Trout Evb " Trans
] Fish, Soc. 90 (1961), i o

.007

.

- 0013

s ﬁ i 8. coble, D. W., "Influence of Water Exchange and Dissolved Oxygen

1.3

.0061L
.0115
040

" 0279
.0012

.0043:
. <023

: ’ 9. Warren, D. F.; “The Influence of Dis i tipon
e ' ) ce of Dissolved Oxygen the
e |:lv Survival, Development, Growth, Activity and Movement .of Fresh-

Water Fishes." Dept. of Fish and,Game; Oregon State College
Prog. Rept., (1955-1957). ‘ Eo

.0025
.0075
0173
057

MEDIAN TOLEFANCE LIMITS IN PARTS PER MILLION.

Lhrbei el

0027
.0087

-0061
014
042

.0012:
.0043-
.0236

10, Garside; E. T., "Same Effects of Oxygen in Relatich to Temperature
ﬁg?; Development of Lake Trout Erbrycs." Can. Jour. Zoo., 37,

0279
.023:
057 "

11, Silver; s. J. Warren; D, E., Doudoroff, P., "Dissolved Oxygen
ts of Developing Steelhead Trout and Chinock Salmen

Erbryos at Different Water Velocities." ]
52 o e e Trans, Amer. Fish, Soc., .

120,

0279

.0033
.0106
.0067
017
042
.0266:
.059¢
0012
.0062:
.0239:
155
2.3
136
.83
6.6

1.

.0079:
.0124
.0079
.038:
.056-
.028
.0324:
.059-
.002:
.0068:
.0245:
185:
.83.

2.62
155.
.08

1.35

7.0

Fry, Fi E. J.; "Temperature Relations of Salmchoids.,"
Proc, Nat. Fish; Cult, 10th Meet., App. D., (1947).

"The Oxygen Requirements of Fish." Bio. Prob. Wate
Poll. 3rd Seminar, (1959). e

g
;
:
?L
£

A

d
é
?;

5
%
|

Sodium TCA Not toxic up to: 870

Guthion
Malathion
Co~Ral.
Sevin
ACP-M-569
Baron
Dowpon
Diquat.
Diuron
F-98
Hyamine 1622
Kuron
Monuron
Quazene
Phygon XL-
Simazine

= g

~ Aldrin.
Dieldrin:
oor
Lindane-

i Chlordane

w
@
1

P A A I S50 A R PORIR T

A M S I A AT A O RT3 A




B T B
Oxygen Consuption of Salvelinus fontinali
= gzté;r?.:) ‘F,'is'.h'.'n}!:s. Lal??, No;u"lg, Univ. of Toronto Blo., Ser.
No. 61, (1955).

Chapman foq ™ Oxygen Const ption of Salmon and Steelhead
L Trout." woeh! 'Dep“: Fish. , Bio.ﬁllgpta No. 377, (1938).

15. Shas, Paul, "The Okygen Constmption of Trout and Salmon.” calif.
* Pish and Game, 33, 1; (1946}, -

16. Johes, E., "Fish and River poiiutioh.” Buttexworth, Inc., Wash.,
s s
D. C., (1964).

3 : ; udoroff, P.,
5 ter, J.; Warren, C. E;; and Do
o E:}vxisin(f;l;;xé:g: Co(;tje’h’cd'i‘c‘:‘ei\ttatidm on the aghm%:\gTI:_eagonK:
of Juvenile Pacifié Salfich at Various Temperatures. :
Fish. Soc., 92; 3; (1963)4" - . i

segé;) Vi Py) Warrer udoroff, P.) -
bavi . Bréesé; Wi P.j Warren, C, P.; Do
0 "mpersmh:e:x{;sco:i the Dj.;solvéd Oxygen Requirements of Cold Water
Fishes." Sewage and Ind. Wastesi -31, (1959) .

'mreshd' 14 cc A Water

t:) "Th 5id Cohcentrations of Oxygen in

o Ef’;i’vgis;n;z,v':;ix Temperatures;" DOKL, NKAD, SSR., 151; 2,
Jour. Wat. Poll. Corii Feds) (19_6})." G :
Gexman review of fdtdratie bealing with the Oxygen

o : E'é’éﬁ@%’ﬁﬁﬁ‘éﬁ‘ﬁe Calif. Inland Fish hdm. Fep.
Vol. 58, (1958): -

114, ‘ tectiv ' il Vbt Pollution,”
» ch and Measurement of Stream Po 45
A . 23 U, S. Bureat of Fish.: Bull. Bur, Fish., 48, (1937)

sd61ved Oxjgen fequirements for Fishes.®
= Tmcygm\arm%élgi‘:inmshi‘ *n:sﬁvgdum (bqg?lmibqni Seminar; R. A. Taft San.
Eng. Tech., Reps W58-2 (1958).
o fivers Fis ] toration."
;; "trion fivers Fish Management and Restor:
2. v e . Fiai and Gane; Gtinecorephed) (1961). |
24, Sspaas, J. T.; "Contribution to the Camparative Physiology and

: istance
Europédti Salionidae, IIT Temperature Res
g:rgﬁztg!f\talzgeé-' Hydrebiologia 15; 1-2, (1961) .

"Same Princi; el 5 mmal rements of
25, Brett; J. Re; " ples in i:he‘mg)‘ Requi
‘ Fishes." Quar. Rev. of Bio. 31; 2, (1956):

: 3 the Em Activity."
26. Fry, F. E. J., "Effects of the mvimwm1§4%| Animal A ty
s Uni"l Tor. Stud., Bio. Serv., Vol. 55, ( .

27.

Ferguson, R. G., "The Preferred Temperature of Fish and Their

Mid-Sumrer Distribution in Temperate Lakes and Streams." Jour.
Fish, Res. Bd. Can., 15, 4, (1958). !

Fisher, D. C., Elson, P. F., "Selected Temperature of Atlantic
Salmon and Speckled Trout and the Effect of Temperature on the

Respo;xse to an Electrical Stimulus," Physiol, Zoo., Vol. 23,
(1950) . . S8 o

Dexter, R., "Atlantic Salmon Culture." U, S. Bur. of Sp. Fish,
and Wild., (1967): (Mimeographed). . :

Belding, D. L.; Pendor, M. J., "The Early Growth of Salmon Parr
:l(.n Ca:)':adian llatcheries." Trans, of Am. Fish. Soc., Vol. 62,
1932).

Markus, H. C., "Hatchery Teared Atlantic Saim Smolts in Ten
Months." Prog. Fish, cul., 24, 3, (1960).

Bishai, Il. M., "Upper Lethal Temperatures for Larval Salmonoids,"

Spo. Journal du Conseil, 25, 2, (1960). .

Javoid, M. Yaqub and John M, Ihxdérsm, *Thermal Acclimation and
Temperature Selection in Atlantic Salmon; Salmo salar and Rainbow
Trout S. gairdneri.” J. Fish. Res. Bd, Can., 24, 7, (1967).

Elson, P. F, and K. C. Fisher, "Ihe Selected Terperature of the

Atlantic Salmon ‘and Speckled Trout and the Affect of Temperature

(a: t.ht’e Respohse to an Electrical Stimulus,"® Physiol. Zoo., 23,
950) .

Huntsman; A. G.) "Death of Salmon and Trout with High Temperature."
Jour, Fish, Res, Bd. Can., 5, 5, (1942).

Doudoroff, P., Katz, M., "Critical Review of Literature on the

Toxdclty of Industrial Wastes and Their Camponents to Fish,"

Sew. and Ind. Waste; 22, 11, (1950);

Tarzwéii, C. M.; "Water Quality ts for Fish Life."”

‘Proc. Nat. Symp. Qual. Stan. Nat. Waters, Univ. of Michigan, (1966).

Mderica, D, F.;, Wickett, W. W.; "A Note ofi the Response of

Developing Chum Salmon Eggs to Free Carbon Dioxide in Solution,"
Journ. Fish. Res. Bd. Can., 15, 5, (1958).'

P., "Active Respiration of Fish in Relation to Ambient

Concentrations of Oxygen and Carbon Dioxide, " Jour. Fish. Res.
Bd. Can., 16, 2, (1959).




sprague, J. B.; “lethal tevels of Mixed Copper-zinc
Solutions for Juvenilé Salmon." Jour. Fish Res. Bd.
Can., 22, 2 (1965).

Sprague; J. B.; and Saunders; R. L., "Effects of Copper-
zinc Mining Poliution ch & Spawning Migration of
Atlantic Salion," Water Research; Pergamon Press., G. 1.,
Vvol. 1 (1967). |

Lloyd, R., “Factors That Affect the Tolérance of Fish to Heavy
Metal Poisoning.” Bio. Prob. of Water Poll.; Third Seminar,
Puwblic llealth Ser. Pub. No. 999-WpP-25, (1962).

Mckee and Wolf, "Watet Quality Criteria." State Water Quality
Control Board, Sacramento, California, Pub. No. 3-A {1963).
Katz, M., "Acubs Taxlelty of Somé Organic Insecticides to Threé
Species of Salmonoids and the Treespined Stickleback." = Trans.
Amer. Fish. Soc., 90; 3, (1961).

Bond, C. E., Lewis, R. Hi; Fryet; J. b.; "Todclty of Various
B lotda) Matorials to Fishes,” Bio. Prob. Water Poll, Second
Seminar., Fish. Soc., 64; (1934). ,

Belding, D. L., “Ihe Spavhing fisbits of the Atiantic Salmon.*
Trans. Amer. Fish. Soc.; 64; (1934). S

.. Saunders; . ba) 658 31 Hij Mveeht of Young Atlantle €a
in a Small Stiesm.® dJoit: Pishi Red: Bd: Cah.; 21; 1; (1964).

Samders, R. L. and Hendetsa; B. B.; "Growth of Atlantic
Salmon Smolts and Pest Siolts ifi Relation to Salindty; = °°
ture and Diet," Joixr. Fish. Bd: Can., Report No. 149,
(1969) . : o ;
Pippy, Johni H C: and Hare) Gerard M., “relationship of River
Pollution to Bacterial Infection 'in Salmon (Salmo salar) and

Suckers (Catactomis commersond) ;" Trans. Amer. Fish Soc., 98,

4, (1969) .

g By W) R A AR T e

S A A PAAINORI V

 many Of thé salmon which fetum to sea after

gk Spaming grounds include the waters
exta'dmgfzunjmtdaoveﬂdumaswl 3

occurs ]
mﬂ\efm,?atﬂt}meggshatd:inﬁxelabewinteroreaﬂy

spring. nxermlyhhatdxedsalrmliveinfﬁ_ashwate:bnornbmyean

before they migrate to the sea. Here,ﬁxesalmmninforatleas
t

aayeubefmaﬂuymmmﬁmhwmtaﬂspmmgm- After
the following spring. Bebmsebfﬁnegmatumwe:qzéxhdmtmgﬁe
physiological preparations of reproductive organs and spaming itself

disin . spaming are so weak that -
they fall éasy victims to predatioh and disease :

#nﬂﬁéatwiamsainm' N migrate to spaming grounds varies with
aigfemts&e._; mﬂmmmﬁmmwmm
faiiiwiﬁleinoﬂxexs, . c:

s | ﬂrendgrauam&zelimitedtoanpeakmocum-
either during the spring or fall. !bgazdlessofwlmnd.gnttm
Wgﬁ:ﬂﬂmﬁc&hmspm lnlatachcbez»crearlyNovmber' in
ca when 8 d
the water tenperatures drop to 5.6 - 4.4% (23).

Female salmon Mt theit eggs in g!!ml m (tuﬁs) and cover
them to amm (H)th of ten j.ndm. Sh&llm, be‘!uuﬁla water um’




withclemcoarsegrmlbedé&mtembainmystxxm fram 2 to 8
inches in size provide the nost suitable spaming areas for Atlantic
salmon(45). This type of stream bed produces a stable enviyémment

ad affords the burled eggs A constant supply of oxygenated water.

Find or loose grawsl and sénd 13 tnsultable because 6f its shifting -
nature and iow porosity. ‘ Watar depth of spaming areas,’ varying from.
6 - 48 inches 1§ a156 importdnt and must be sufficient to pmhect the

spaming areas fram ice and fmezi.ng {48y,

inabatimofﬁleeggsiastéabwts-Gnmﬂmdepending\pm

temperature. 'n\eeggswﬂihatdih:earlysprhwgm:enﬂxetexperatme&

amjmtbeg:lxm:l.nqtoﬂse 'Ihéhewbctmsalnmaretemeda]evinsor
sao-fzyamiaresocalledbecm:seﬂmyhatd\withﬁ\eiryo]k-sacsﬂll
atbadxed Oncetheyolk-sacismarly sbsorbed, thefzyormdezyear
lmgsmkaﬂxeirwayoutofﬂxeovab-lyinggrmlarﬂbegintofeedm
their own. .

~ 'The duration of ﬁ\efreshwaberphase of the salmon's life eycls
is usually not longer than o or three {ehtd, and Lk 16 pasasd 1y the
smsgeneralareaﬁ:dnwhldlﬂme _sélnmhatdﬂ. Juvenile salmon,

termed parr, inhabit riffies &nd pools which contain large protective
rocks under which they hide when &larmed (45; 46). The parr are char-
actérizedbyelevmbhdtbamor*;’iarrmﬂcs'rmdngw;ticanydwn
the sides mﬂbybﬂghtnaspots mméed;eumehtern line. Be-
fore migraticn to thé séa, the pafr undergo a process called smoltifi-

cation, When the parr reach & length of about five inches, the following

TR AN RS A S g W o 55163 3 ey

spring, they lose their coloration and tuin silvery on the outside.

After this physiological change in preparation for life i.n salt water,
the fish, termed smolts, are ready for their seaward migration. Smolts
migrate in spring or early summer when thewaterterperatuma are oool.

At sea, the young salmon grow rapidly on the abundant food supply
mﬂusuallygainmaverageofd-Spowﬂsayear(27). Although scme

’ ) :
alnm:ehuntofx&shwaterafterspexﬂingmlycnewinberatsea,mst é

Maine salimon remain two winters at sea before returning to spam. The
sahmﬂlatzghnnbofmhwateraftermewinheta.mbemedgrﬂse

while those that return after two winters are termed bright or maiden
salmon, : |

Subsequent to entering fresh water, Atlantic Salmon cease fee'd.ln«;
ardexpendgreatmtxofenetgyinu\eamimofzivexs.mdin
thetiransfonmtimofhodynntetialforﬂxébuﬂd-lpofﬂ\ew
tive organs. Iargemtsofenexgya:ea]soe@aﬂeddm-mgactual
spaﬂning wiﬂmxtfeeding std:acttvitymmexcessdrain\pm
ﬂesainmsmserveanzqymtenmmdd\msulminanmmmr-
cent loss of body weight. Oonsequently, the salmon are very close to
physiological death (45). Thus after spaming, the salmon return to
ses in an excessively wesk condition, Such salmon are incapable of

) wwmgulatimarﬂa@easyvictimofp;'edatomaﬂdisease. Only 10%

orlwsofﬂwesa]nmzemmbospamasemﬂtine.
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VIII. APPENDIX B
. STATEMENT QF INTENT
FOR
A COCPERATIVE FISHERY RESTORATION PROGRAM
FOR THE
CONNECTICUT RIVER BASIN

The States of Comnecticut, Massachusetts, New Hampshire and Vermont
as well as the United States Bureau of Sport Fisheries and Wildlife and
thelhlhadSt&tasBueauoqumerdalFisheriesagmehoaxﬂs\pporta
fisheries program for the Connecticut River Basin. The folloving state-
ment shall constitute the official intent Of the sbove-named States and

‘ﬁntbﬁéct{vas'ofﬂﬂsbmgranmtomnzaﬁwéfmpmﬂu
oftinﬂshezymsmx@ofﬁxeﬁivatind\dﬁigbbﬁxmm
' resident species,
; opportinities in a highly whanized area
a@nu'&pma&fmesiagmm*afasMﬁum
Gl e e

Anadramous Fish . ;

Aericm had - Alosa sspidissima - Historically; the Comecticut
Riverstppo:bedﬂxadmmufumsmmasﬂelmf‘ammdiuu
in the River between Vermont. and New Hanpshire, spproximately 35 miles
narth of the Massachusetts barder. The exact magnitule of the historic
run is unknown but it mig%xthaveqpmadnéd six million adult fish .-
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at the mouth of the River. It piobably would not be practical to restore
the run to its historical fitibers but an évaluation of present spawning
and nursery areas as far horth ad Bellows Falls indicates that a run of
up to two million Fish could bé reslized. The two million figure is
based on the production of 2.8 adult shad produced per 100 square yard
unit of spawning habitat, Thé 2.8 Fiqure dssumes rather low production,
as production as high & 6.5 adult shad per tnit has been realized.

A run of two miilich shad would require passage facilities for cne
million fish at Holycke; 850 ooo at Turners Falls; and 750,000 at Vernon.
Ifﬂxenavigatimdanmdetmideﬁﬂmbyﬂwm:psofmgineemis
constructed at Hartford, Conhecticut; facilities would have to be pro-
vided for a run of two miilich shad, 1n addition to sustaining ’thé‘hﬁ,
the passage facilitiss should providd M anntal hdrvest of 100,000 M
above Hartford, 50,000 shad sbove tiolyocke; 42,500 above Tirmers t‘aﬁs

ik e

and 37,500 above Veimoh; .y 2l 0
Atlantic Salmoti - Salmo sdiar 'ﬂmé tmgnltuh of the or:lginai sain\d:nh
munmcuthvexuuﬁmm; aitimghmemamnmyhmmricn
references that indicate that thé tuh was sizeable and originally went
as_far as Beecher Falls nedr the Canadian Border. Utilizing & unit &rea
technique similar to that used M.\Ht ghad and évaiua‘tihé the River as far
as the Cumerford Dam, reveals & potential ruh of adult salmon at thé
River's mouth of 38,000, l

This fiqure is based on the pmddctim of three smolts per unit area

with a survival to maturity of five percent. A realistic approach to
natural production of salmon indicates that man-made changes in the
tributaries prevent the actual attainment of a natural fun of 38,000
fish. However, there is no reason why the 38,000 figure cannot be
realized or exceeded through a smolt stocking program.

mepmblmofsajnuxpassagemthemjnstandoesmtmquim
lengthy discussion as facilities adequate for the anticipated large
shad runs will readily pass the nutber of saimom involved,

o&a&&mmggedes-vm”bﬂuspecmmmunmm
that will benefit from a progran desianed b6 develop shad and salmon
tisherles; the only species that probably would use passage facilities
boilarqe&ameisthebllabadcherring,hlosaaetivalis If a can
mercial #Hshery can be developed for this herring, passage facilities
would have & addittonal benefit,

’Residmtgﬂ-mddiﬂmboesubnshmguﬂminm;gmof
anadromous shes, we also intend 5 matntain ahd ehance various resi-
dent species foind throughout the bastii)

Benefits - It is always dlfficult when dealing with a resource that is
not entirely commercial to establish the value of said resource, Never-
ﬂniess,matfcmpthasbemmdea;ﬁmitmndbemanmdmat
the value, for example, of an angler-caught Atlantic Salmon from the
Connecticut River is probably farbeyundmyﬂdhgﬂmtwecwldatabnsh
wiﬂnsi:rpledolhrsax!cenu:

i
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Eck tabd 1% avel14b8 bh e valim o resiosnt spacies, tit more
information is zequimd and.ovarail fishery values for the River will
be subject of a later repart.

Information indicates that thé present average armual retail value
of the shad comercial fishery i8 approximately $150,000. If economics
and the market permitted, it appears that this annual value could be

Mpmmtsiwdspcx&ﬂsi\eiyhaémmmvalmofslsoooo ‘

based on 50,000 anglsrdays andic!:edcahdmbasedmamof
2,000,000 fish indicate a spod:‘ﬁ harves{: of 100,000 fish in camctiaﬁ:f

50,000 fram Holycke to -nmm—s nm.«n 42 500 from Turners Falls to Vernon
and 37,500 above Vernion,’ Baeedch q;:;ent fisherman day valte o‘f_ms3:‘.00
and one fish per man per dsy, tha predicted annual additichal value
gained from pmper magamewwia #mount to $537,000.

Anmofaaood uinﬁi!!mﬁdpto&uce&catdlofg,ﬁoo ﬂahbased
on & 25 percent harvest, mi&tﬂ#hmmmm{:h
mmfedbyasahmhnln&ﬁmcﬂménivet,&dsﬂgmmybe
loé; Using the current Eigiidd 6F $150 488 per anglar calght salmér; the
annual value would ambanit to $1;183,000. The potential combinsd anfival
vﬂmﬁctwwdxad&xiniumdp&tﬂﬁmiesmﬁtbsl.saé bod.

‘ Ptd)lamuxiNeeds matum&nchjecumauthmbemdismsed,
many problams imust be Sumounted and much work must be done.

A 31 AT g A9 15 it

AT R e RO 10 130 4K

ﬂmewaterq\mlityoftheRtversz‘tbemintainedandinpmved.v
All of the Camecticut River States are now active in classifying
their waters as to water quality and it appears that the standards to
be set will be suitable for shad and saimon, The threat of themmal
pollution is a very real ane with one nuclear plant shartly going into
operation in Connecticut and another one proposed at Vemon, Vermont,
_The Connecticut Yankee Atomic Power Conpany, as a condition of their
constriction pemmit, is presently sq;porf.lng a study to ét:ennine the
effects of theit heated discharge waté# on sfiad. We need more infor-
maticn regarding thermal pollution tolerance ‘énd effects on salmon and
thistypeofmﬁ:wﬂibemtlinedinﬁheﬁeseandtmmbbedrmtp
by the Technical Committee fof Fisharies Management of the Connecticut
River Basin, Alttiough subject to futire ressarch tinding, it appears
that any increase ini the water temperature &t Vernon could seriously

hinc‘ersainmandslmdmstotatiminﬁmmbasin

mecorpsofmgimersismideringﬁ\emh:uctimofadan
at!iaztioxdfornavigattmalpwpoaes _The dam will create fish pas-
sage problems arﬂpemq;snmeh!portant, eliminate fishing sites and

‘émellmtahadspumingazeas wenusf:q:pcae&xemtrmdmofﬂ\u
dam because it would b inmistaxtwiulﬂxeaimoftheﬂshexym—

toratich program,

B&edm&nepmsmﬁfrqrmtazydabaavail&lemﬁxewuld‘
Putp Storage Project, it appears that this' project poses definite limi-
tations to an anadromous fish restoration program. These liﬁﬁ.tattau
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involve the physical locss of eggs, larvae and young fish of both anadro-
mous and resident species; and #h orientation prablem for both upstream
and downstream migrants attributed to purping large volumes of water.
“Studies designed to minimize the potential adverse effects to fishery
fescitices ahould be tndettakidh 1 devickiient of the design for the
Northfield Punp Storage Project. In related studies; fish screens,
barriers and deflectors and floW regimen must bé thorouchly investigated.

Ifthermsom:linedamtobem&mality, there are also major
problems to be solved for thé passage of both tpstream and downstream
migrants over existing dams: Largat rihs may require modification of
the Enfield Damj facilities mist be developed by Holycke, Turmers Falis
and Vernon for shad and & fishvay for Salnch will be required at beilows
Falls, There are many insoliéd problemd eoncerning fish passage facil-
ities particularly with regard to shiad, Menbers of the Technical
Cammittee have made & start on thesé problems and @ full-fledged research
project will be forthcaming in tha hear future. Considersble work must
be done on the variows tribikariéh b &valusts Hebi passage needs:

Lack of lou flow aujishtablont 18 Eother problem, and the Technical
Cammittee proposes to develdp these heeds and to work with the Cotpd of
Engineers and private carpanies to solvwé this situation.

Aﬂmxﬁnmﬂewnmtbenﬂdeofﬁwmpmmwbuimmlﬂ-
purpose dams in the basinj particularly with regard to their effects on
ﬂeﬂatmymstotatimpmgrm_.
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When the proposed fisheries become a reality, the four States in-
volved will cooperate to establish regulations that will maintain the

fisheries as well as assure that each State receives its Jjust share of
the fishery harvest,

memispmentlyamedforﬁsheumams sites on the River
and the need will greatly increase as the program progresses. Conmecticut
andMassadusef:tshaveaheaiynadepmgzess in providing access and
ailofthestateswnicbvelq:alargescalépmgraninﬂ\eneatfutme.

We endorse and support the Technical Commdbtee for Fisheries
ManagamntoftheﬂamecﬁcutniverBasinasﬂlegmpésig!mtedm
design .and inplemtneededresea:d:pmgrms as well as t:oaevelnp
andmaxmerﬂsmﬂﬁahezynmantpmm. The Committee shall
consist of representatives fram the Connecticut Board of Fisheries and
Game, the Massachusetts bivision of Figheries and Game, the Massachusetts
Division of Marine Fisheries, the New Hampshire Fish and Game Department,
the Vemmont Fish and Game Department, the United States Bureau of Spart
Fisheries and Wildlife and the United States Bureau of Camercial
Fisheries,

Aprii 20, 1967

By: Director, Comnecticut Board of Fisheries and
) Game
Director, Massachusetts Division of Fisheries and wildlife
Director, Massachusetts Division of Marine Fisheries
Director, NewﬂmpshizeFishdeamDeparmmt
mm;ﬁmuéc\gmmt Fish and Game Department
D: r, United Stateg

e Wildlife' Bureau of Sport Fisheries
Regional Director, United States Bureau of Commercial

Fisheries
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Introduction1

New England is graced with close to three dozen major rivers or
river systems, each of which empties into the Atlantic Ocean. At the
time Europeans began to colonize the region, wild salmon populations were
plentiful in at least 28 of the rivers, ranging from the Housatonic River
in Connecticut north to the Aroostook River in Maine. It has been
estimated that the number of salmon entering New England rivers annually
at that time might have been greater than 300,000 individual fish,

Two and a half centuries of human population growth and economic
development devastated New England’'s Atlantic Salmon population.
Overfishing, water pollution, and (above all else) dam construction
accounted for the salmon’s retreat. Were Atlantic Salmon to be restored
now to their full historical range, upstream fish passage facilities
would have to be provided at a minimum of 65 dams, and downstream fish
passage facilities at almost 100 dams.>

Today only seven of the original twenty-eight Atlantic Salmon rivers
support fairly stable but small wild Atlantic Salmon populations. Adult
salmon in varying numbers return annually to eight additional rivers.

The total number of salmon returning to all New England rivers adds Npl co
less than 7,000 fish. Of these, only about 1,000 are not of hatchery
origin.

Atlantic Salmon restoration activities were first initiated well
over a century ago, and revitalized with the formation of the Maine
Atlantic Salmon Commission in 1947. Since then, state and federal
agencies have coordinated efforts with private sector groups to promote,
instigate, and explore the feasibility of a regional restoration program.
Between 1967 and 1983 over 76 million dollars were spent on restoration
efforts in New England. Given the fruits of these accumulated
expenditures, the U.S. Fish and Wildlife Service believes the feasibility
of the Restoration Program has now been demonstrated. However, the costs
of a planned 25 years of further restoration activities exceed $100
million.

The Fish and Wildlife Service is poised to make a decision about the
future of the Atlantic Salmon Restoration Program. Either substantial
restoration efforts will continue as planned, or the Program will be cut
back to minimum levels of legislatively mandated activity. Although many
factors will influence this decision, it must ultimately rest on some

1 Financial support for this study was provided by Region Five of
the U.S. Fish and Wildlife Service via Cooperative Agreement 14-16-009-
1553, Work Order No. 5 with the Cooperative Fish and Wildlife Research
Unit, Cornell University. :

2 US Fish and Wildlife Service, 1984, pp. 9-10.

3 1bia, p. 28.

4 Ibid, p. 9.

S Ihid. p. 22
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comparison of the advantages and disadvantages, or costs and benefits, of
the alternatives.

The costs and benefits of each alternative can and should be broadly
defined by the Fish and Wildlife Service. Nevertheless, it is common to
consider costs and benefits within the comparatively restricted
vocabulary of economics. While this vocabulary necessarily distorts or
excludes consideration of some deeply held values that are important to
comprehensive assessment of Atlantic Salmon restoration, it does permit
an important level of argumentation in the persuasive language of money.
The strength of an economic cost-benefit analysis is that it can reduce
complex set of economic relationships to a single decision parameter.
This strength can be a weakness to the extent that the single parameter
belies the richness of projection, analysis, assumption, judgment and
prejudice that supports it.

The practice of conducting formal economic cost-benefit analyses of
public investments has become increasingly commonplace, and has indeed
been required for most federal programs since Executive Order 12991 was
issued in 1981. But public programs that involve the protection or
preservation of natural resources (e.g. the Atlantic Salmon Restoration
‘Program) are of a class that poses special conceptual and practical
difficulties for cost-benefit analysis. Because the economic "good" in
question is not (and possibly could never be) traded in an established
marketplace, there is no readily available economic measure of its value
(e.g. market price). Thus, even though the dollar costs of investing in
preservation or restoration activities may usually be estimated with some
degree of precision and confidence, the measurement of benefit has been.
more difficult and more controversial. "Contingent valuation" methods
address this difficulty.

A form of economic cost-benefit analysis using contingent valuation
techniques has therefore been applied to the decision facing the Fish and
Wildlife Service about the Atlantic Salmon Restoration Program. The
contingent valuation methodology used in this study is an economic tool
that has recently received a great deal of scrutiny and growing
acceptance by the economics profession. It is the only method that can
assign a "total economic value" to projects like the Atlantic Salmon
Restoration Program.6 Contingent valuation methods are based on
questionnaires and survey responses to direct questions, and hence
display many basic presumptions and assumptions more transparently than
other methods economists normally apply.

6 This measure of total economic value is grounded in a theory of
individual preference. The measure represents - at least theoretically -
the maximum amount of money which an individual would be willing to
sacrifice rather than do without the Atlantic Salmon restoration program.
Thus, any value the individual can translate into a maximum "willingness-
to-pay" will be counted. The values are total because they include value
that may be based in current or prospective use (e.g. consumer surplus
and option values, respectively) plus any value the individual may place
on Atlantic Salmon that may be wholly independent of use of the resource
(eg. "existence value"). Traditional benefit measures, based on
estimated areas under a demand curve, account only for consumer surplus.




The purpose of this paper then is to report on estimates of the
public value, or benefits, that would be associated with continuation of
the restoration program. Numerical estimates of benefit will be
presented first, together with some estimates of cost. It is clear, even
under moderately conservative assumptions, that the total economic
benefits of Atlantic Salmon restoration outweigh the costs.’ The
questionnaire sources and methodology used to develop the benefit
estimates are described next, followed by a brief discussion of their
validity. '

Program Benefits

The benefits of the Atlantic Salmon Restoration program were
calculated from a survey of New England households. After being
presented with some initial information, questionnaire respondents were
asked whether or not they "cared one way or the other whether there are
Atlantic Salmon in any New England rivers". It was presumed that persons
answering "No" to this question would place zero economic value on the
restoration project. Everyone answering "Yes" to this question was
asked to estimate the maximum amount they would be willing to pay in
order to ensure that Atlantic Salmon would be found in the fourteen New
England rivers primarily targeted by the Atlantic Salmon Restoration
Program.8 Persons who said they expected to someday fish for Atlantic
Salmon were asked to express this value in two parts. First, they were
asked about the most they would be willing to pay for an Atlantic Salmon
fishing license valid only for these fourteen rivers. Second, if they
noted that the economic value of finding Atlantic Salmon in those rivers
exceeded the maximum amount they were willing to pay for a fishing
license, they were asked how much additional money they would be willing
to pay through other means (e.g. increased taxes) for continued
restoration. '

Persons who indicated that they had no intention of ever fishing for
Atlantic Salmon were asked only to estimate the maximum amount they would
have been willing to pay for restoration through increased taxes,
electric bills, or other such payment vehicles.

A surprisingly large proportion (82%) of persons responding to the
mailed questionnaire noted that they "cared" whether Atlantic Salmon were
found in New England rivers. However, a nonrespondent follow-up survey

7 This does not necessarily mean that there is an economic
imperative to continue this project, since an agency with limited funds
might determine that other Projects were even more worthy of investment.
No attempt has been made to compare expenditures on Atlantic Salmon
restoration with other project choices.

8 see map, Appendix I. The Fish and Wildlife Service asserts that,
with continued restoration effort, Atlantic Salmon can be successfully
reestablished in all fourteen streams within a 25 to 50 year period. The
minimally mandated levels of restoration (including some Federal support
of state fishery agencies and certain administrative activities) would be
required to sustain existing populations in a few of the seven other
rivers shown, given that state restoration efforts also continued.
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revealed that the mail questionnaire was more likely to be returned by
persons who care about Atlantic Salmon. On the basis of the nonresponse
analysis, a very conservative adjusted proportion of persons who "care"
about Atlantic Salmon was estimated to be 58.3%. :

Not everyone who cares about Atlantic Salmon was willing or able to
sacrifice money to further the restoration program: 43% of those "caring"
respondents expecting never to fish; 24% who might someday fish; and 6%
of those certain they would someday fish for Atlantic Salmon on the 14
rivers in question did not express a positive willingess to pay.

Table 1. Average willingness to pay for Atlantic Salmon Restoration:
In addition to fishing license fees.

Respondents who Total Willing-
Will respondent Mean care about AS ness-to-pay
fish for AS? WTP restoration (Millions)

Certainly will SB1-98 19.1% S13IN6
Might S10.81 35.3% 5 8i5
Probably won't $27.45 45.6% $27.9

(100%) SUM $50.0

As shown in Table 1, given that a respondent said he or she cared
about Atlantic Salmon, the respondents expecting to *certainly fish" for
Atlantic Salmon someday were willing to pay an average (inclusive of the
zero values just noted) of $31.93 above and beyond their maximum
willingness to pay for a fishing license. Persons who said they "might"
fish for Atlantic Salmon someday said they were willing to pay for an
average of $10.81 above and beyond their maximum willingness to pay for a
fishing license. Persons who were not expecting to ever fish for
Atlantic Salmon were willing to pay an average of $27.45 in increased
taxes or other revenues.

9 This assumes that persons about which no information was available
(either because they could not be reached or would not cooperate) did not
care about Atlantic Salmon. Appendix II has details of the nonresponse
analysis. A second conservative assumption about the benefit estimates
is that the sample was restricted to New England residents. This
effectively assumes that no one who lives outside this region is
interested in New England's Atlantic Salmon. This is assuredly an
inaccurate simplification.

10 The willingness to pay asked about was for a maximum one time
payment. This payment could be thought of as a "present value" that
would be equivalent to a stream of annual payments that have been
discounted to the present (see section on costs below).
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Extrapolating from census reports, we estimate that there are
4,442,522 occupied households in New England.11 We estimate that 86% of
these households were in the sampling frame,1 and that all of the
uncovered households have zero willingness to pay for Atlantic Salmon
restoration. This implies that 2,227,392 households "care" about
Atlantic Salmon restoration. The total willingness to pay for Atlantic
Salmon is then found by combining this information with that in the first
two columns of Table 1. ‘

The data presented in Table 1 do not include those values elicited
about willingness to pay for Atlantic Salmon licences. Such values were
asked of respondents who indicated they certainly would, or might,
someday fish for Atlantic Salmon. These respondents were asked to
predict the maximum amounts they would pay for a license that allowed
them to keep no salmon, one salmon, five salmon, ten salmon, or more than
ten salmon. The survey informed respondents that the state of Maine
currently sells Atlantic fishing licenses, with an annual limit of five
fish, at a cost of $10 for in-state residents and $30 for out-of-state
residents. The averaged maximum amount that these respondents suggested
for any of the five licenses is reported in Table 2.

11 This extrapolation was calculated from 1980 ratios of occupied
housing to state population totals (Bureau of Census, 1980 Census)
applied to 1984 population figures (Bureau of Census, Current Population
Reports). The calculations are therefore probably a conservative
estimate of households at the time of the survey (late 1986).

12 The 1980 Census indicates that 95.4% of New England households
have telephones. 1In 1973, it was estimated that 14.7% of New England
households with phones had unlisted numbers. This is lower than the
national average of 17.8% (Blankenship, p. 41). These figures suggest
that about 81% of New England households have a telephone or a listed
number. However, our sample was drawn from a commercially supplied phone
list supplemented by auto registration that covers 86% of all households
nationally (Survey Sampling, Inc.). We adopt the 86% figure as a
seemingly conservative approximation for New England.

13 58.3% who "care" * 86% coverage * 4,442 522,

14 These numbers are also conservative. Respondents were actually
asked to give the maximum amount that they would be willing to pay
annually over a three or five year period in order to reserve an Atlantic
Salmon license at the end of that period. Following Brookshire, Eubanks
and Randall, this approach was adopted to 1) try and minimize the
conceptual possibility of "free riding", and 2) try and allow more time
for continued restoration activities that might enable license limits to
be legitimately raised above the current level of 5 salmon per year. The
numbers reported in Table 2 used only a single year's payment. Using
this figure is equivalent to discounting payments from years two and up
at 100%. This is done on grounds of conservatism and because there are
indications that the three or five year payment mechanism was not
understood by some respondents. '
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Table 2. Average willingness to pay for Atlantic Salmon Restoration:
Maximum fishing license fees

Respondents who Total Willing-
Will respondent Mean will fish for ness-to-pay
fish for AS? WTP Atlantic Salmon (Millions)

Certainly will $31.92 35.1% $13.6
Might $22.55 64.9% g7

SUM 1531103

The grand total willingness to pay for Atlantic Salmon restoration
is the sum of the license fee figure from Table 2 and willingness to pay
other increased fees from Table 1.15 This grand total, at S81 3 milllyon;
exceeds the estimated costs (see below) of continued restoration with
adoption of any rate of discounting future expenditures that exceeds
three percent. 6 Given that the benefit estimates have many conservative
assumptions built into them, the economic costs of Atlantic Salmon
Restoration appear to be clearly less than the benefits.

Comparisons with Wildlife Valuations in Other Studies

The results for mean willingness-to-pay appear to be in the range
found by other researchers using a variety of contingent valuation
techniques to estimate the economic value of wildlife. Brookshire,
Eubanks and Randall found a range from $9.70 to $29.16 for mean bids big
game hunters were willing to pay for grizzly bear and bighorn sheep
hunting licenses under various conditions; while non-use related mean
bids ranged from $6.90 to $24.00. Boyle estimated mean willingness-to-
pay bids for bald eagle preservation between $10.62 and $75.31; while
estimated mean bids for preservation of a less popular animal, the
striped shiner, were close to $5.00. Other studies of the economic value
of Canada Geese (Bishop, Heberlein, and Kealy) and of elk (Brookshire,
Randall, and Stoll) found mean bids that are generally bracketed by this
range.

Program Costs

The economic costs considered for the Atlantic Salmon Restoration
program are of three varieties. First, there are the construction costs
associated with building upstream and downstream fish passage facilities.
These were assumed to be incurred in the single year in which the Fish
and Wildlife Service plans to construct each fish passage facility.

15 The validity of this summation depends on the extent to which the
nonangling valuations reported by anglers are truly increments to their
willingness to pay for a fishing license.

16 The official discount rate for federal water and land related
resource projects during fiscal year 1986 was 8 5/8% (Water Resources
Council).
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Table 3. Estimated costs of Atlantic Salmon Restoration on New
England Rivers.

Value of foregone electricity production

(Total of 313,000 Megawatt-hours
between 1986 and 2036) Combined construction,
: operation and maintenance
Dollar value Dollar value costs for fish passage
at 12 cents at 9 cents facilities on New
per per England rivers
Discount kilowatt- kilowatt- (1986 to 2036)
Rate hour hour .
(millions of (millions of (millions of
1986 dollars) 1986 dollars) 1986 dollars)

0% $38.
1% $29.
2% 923
3% $18.
4% S15¢
5% iz
6% $10.
7%
8%
9%
10%
15%

$28.
$22.
S17:
S13
STl

$109.
93
81.
7L
64,
S/
52.
48.
45.
42.
39.
29¢

4
5
1
5
0
4
5
49
ST
L
49
4
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Second, there are annual operating and maintenance (O&M) costs of each
facility. These costs were assumed to be incurred each year following
the year of fish passage construction through the end of a fifty year
program period (ie. the year 2036). Third, there is the cost of foregone
hydroelectric power that is incurred because the fish passages must
divert some water around the turbines. These costs were assumed to begin
the same year as construction begins, whether for an upstream or
downstream passage.

The program cost sensitivities to varying rates of time discounting
are detailed in Table 3. All estimates of construction and O&M costs and

17 Although upstream passages normally divert more water, some water
is required for downstream passages. Upstream and downstream passages
are not necessarily planned for the same year at each dam. Since the
estimates of annual foregone megawattage did not distinguish between up-
and downstream facilities, the annual energy loss was conservatively
assumed to begin at the date of construction of the first type of fish
Passage. A high value of 12 cents per kilowatt-hour was applied to the
energy losses. This is a penny or so higher than the current highest
marginal residential electricity prices in New England. (Gene Heinze-
Fry, personal communication; see also Heinze-Fry, 1984.)
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annual foregone megawatt-hours were provided By the U.S. Fish and
Wildlife Service for each dam, as was a timetable for implementation.

Description of Questionnaire Responses

The contingent valuation estimates were derived from a questionnaire
that collected much related information besides that already reported.
In the following discussion, some of this information is presented and
compared where possible with known characteristics of the New England
population from which the questionnaire sample was drawn.

The questionnaire was divided into six sections.l® The first
section asked several questions regarding the familiarity of the
respondent with Atlantic Salmon, and also asked for basic fishing and
outdoor recreational experience. The second section provided a brief
(two paragraph) description of the situation and history of Atlantic
Salmon in New England. It also stated that the Atlantic Salmon
Restoration Program would 1) leave the fish in only 7 of the smaller
Maine rivers if reduced to minimally mandated levels, or 2) eventually
secure a salmon population in 14 additional New England rivers if
restoration were continued. A map detailed the rivers affected. The
third section asked respondents whether they care one way or the other
that Atlantic Salmon can be found in New England rivers, and if so, why.
The fourth and fifth sections separated probable salmon anglers from
probable non-anglers, and provided the core of the contingent valuation
information discussed previously. Anglers were presented more detailed
information about the purchase of several types of fishing licenses, then
queried as to their willingness to purchase such licenses. Nonanglers,
and anglers whose economic self-valuation of Atlantic Salmon exceeded
their willingness to pay for a fishing license, were asked similar
contingent valuation questions using "payment vehicles" other than a
fishing license. The final section asked respondents a standard series
of demographic questions (age, sex, income, etc.).

Respondent Demographics

In 1984 the 12.5 million residents of New England were distributed
in households across the six states of the region as shown in Table 4.
As can also be seen from Table 4, this distribution is closely reflected
in the questionnaire responses.

Table 4. New England population proportions distributed by
state, 1984 US Census figures and 1986 survey responses.

State Census (1984 Survey (1986)

CT 25.0% ! 23.0%
ME 9.1% 11.8%
MA 46.2% 46.5%
NH 7.7% 9.0%
RI 7.7% 6.3%
VT ; 4.2% : 3.5%

18 4 copy of the questionnaire is found in Appendix I.
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Although just over half of the total New England population is
female, 77% of the respondents to the mail questionnaire were male. The
primary reason for this difference is that questionnaires were addressed
to the household member in whose name the telephone was listed. These
persons are overwhelmingly male. Since males tend to be more interested
in fishing than are females, it is also possible that some females
passed questionnaires on to more interested household males.

The 1980 Census figures show mean New England household sizes to
have ranged from 2.7 persons per household in Rhode Island to 276
persons in Connecticut. The Atlantic Salmon survey results indicate an
overall New England average household size of 2.9 persons (68% of
households are comprised of two or fewer persons). The small positive
difference may well reflect the "baby boomlet" that has gathered force in
the seven years separating the surveys.

The age of survey respondents is presented in Table 5. The average
age of the respondents was 46 years (median of 43). The median age of
New Englanders in 1980 was 31.2 years. Respondent ages are much greater
than for the population as a whole for obvious reasons: children and
young people are unlikely to have their own telephone and hence are not
included in the directories from which the sample was drawn. Census data
on household heads only shows an age distribution closer to that found in
the sample. Of course, it makes most sense anyway to direct questions
regarding willingness to pay for salmon restoration at non-dependent
adults.

Table 5. Age of respondents.
Age grou Percent

Over 70 years

66 to 70 years

31 to 65 years 6
19 to 30 years 1
18 years or less

8.
6.
7
6
1.

Even after adjusting for the observed nonresponse bias (see Appendix
II), the survey results show that substantial proportions of the sample
were fairly well educated professionals with sizable household incomes.
Just under two fifths (39%) had obtained a college degree, which was
slightly more than the 37% who had terminated their educations at or
before their high school graduation. The remaining 24% finished some
college.

Similarly, one quarter of the responding New Englanders could be
classified as managers or professionals. A second quarter of the sample
noted that they were already retired. The remaining half of the
respondents were engaged in a variety of occupations, though
approximately 4% said they were unemployed.

Over a fifth of respondents (21% - unadjusted for nonresponse bias)
answering the income question reported total 1985 household incomes of
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$50,000 or greater. A similar proportion (23.7%) reported annual incomes
under $20,000. The median 1985 household income reported by survey
respondents was in the range between $30,000 and $39,999.

Respondent outdoor recreation experience and familiarity with
Atlantic Salmon

Salmon are a popular and well known fish, and the Atlantic Salmon
Restoration Program is one which is recognizably of general interest.
Still, an unexpectedly high 69% of mail questionnaire respondents claimed
they knew even before receiving our survey that Atlantic Salmon could be
found in some New England rivers.20 Furthermore, just over half of the
respondents said they had personally seen some kind of salmon at least
once in their lives. Of this half, most had viewed salmon at a visit to
some kind of special observation center such as a dam or museum, but
almost as many had seen salmon while fishing (not necessarily for
salmon) .

Many respondents (22%) had fished specifically for some kind of
salmon at one time or another. While the majority of these salmon
anglers had fished for either coho or chinook or other kinds of salmon,
approximately 7% of all survey respondents said they had themselves
fished for Atlantic Salmon. Furthermore, 34% of the respondents had
eaten some kind of salmon that "they or someone else had caught while
fishing for sport". !

Since there were only a few thousand Atlantic Salmon licenses sold
in 1986 by the state of Maine, it was a fair assumption that few or none
of the randomly selected New England residents would have actually
purchased one of these licenses. In fact, only 30% of the respondents
explicitly expressing an interest in fishing for Atlantic Salmon someday
were even aware that it was possible to buy a Maine fishing license for
Atlantic Salmon. The persons who were aware were asked why they had not
purchased a license. Table 6 lists the reasons given. Note that
distance from home was by far the most common, and that as more rivers
are restored, these distances will decline for many New Englanders.

When asked about general outdoor recreation activities in 1986, over
one-third (34%) of the respondents indicated that they had engaged in
some kind of freshwater fishing during the year. A somewhat smaller
proportion (28%) had enjoyed saltwater fishing during the year, while 13%

19 The New York Times, for example, carried several general interest
stories on the restoration efforts during the course of this research
(see July 27th, 1986 and January 25, 1987 papers).

20 1t was not possible to adjust for suspected nonresponse bias to
this question and many of the other questions next discussed, except as noted.

21 1ess than half of these had caught the fish themselves.
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Table 6. Reasons for not buying a Maine salmon license for people
who knew of its existence.

COST OF LICENSE 19%
DISTANCE OF RIVERS FROM HOME 68%
SCARCITY OF SALMON IN RIVERS 31%
SIZE OF SALMON 7%
LICENSE LIMITATIONS ON FISH 5%
COST OF GEAR 11%
CROWDING AT FISHING SITES 34%

had hunted in 1986.22 Forty-four percent of respondents had been camping
or hiking during the year, and a substantial majority of 71% had been
boating or swimming in lakes, rivers or the ocean in the past year.

Respondents were asked to describe the type of area in which they
lived. Approximately one-fifth of them said they lived in large cities
(primarily Boston), and slightly less than a fifth in the suburbs of
large cities. An additional fifth of the respondents said they lived in
small cities, while the largest single proportion of the New England
respondents (about a third) said they lived in small towns. Finally, the
remaining tenth classified their surroundings as rural.

Reasons for interest in Atlantic Salmon

Respondent who indicated that they care about Atlantic Salmon
restoration were asked additional details about their interests in the
fish. The vast majority (91%) had no special interest in any smaller
subset of the 14 rivers included in the restoration program. Of the few
who did name specific rivers, the Connecticut River was most often
mentioned by far. Similarly, 83% of respondents said their interest in
Atlantic Salmon was neither more nor less than in other wildlife. These
results intimate that some of the value of Atlantic Salmon that was
developed earlier in this report might also be at least partly a proxg
measure for willingness to pay for wildlife preservation in general.2

Less than one-third of the respondents who cared about Atlantic
Salmon said they expected to personally see or fish for them someday.

22 gtatistics from the 1980 National Survey of Fishing, Hunting, and
Wildlife Associated Recreation showed approximately 760,000 exclusive
freshwater anglers over 16 years of age, about 489,000 saltwater anglers,
and about 507,00 anglers in both salt and freshwater. The data show
that the number of hunters was about one-third the number of anglers.
(Tables 43 and 45)

23 When asked to list something of more or less equal value to
Atlantic Salmon upon which they already had spent money, most respondents
did not answer. Of the 31% who did, about one fourth of them made
comparisons to other fish or fishing expenditures, another fifth made
comparisons to other kinds of wildlife expenditures, while another fifth
gave answers in a more general conservation or environmental category.




However, more than three-fourths said they would be pleased to know that
Atlantic Salmon could be found in New England rivers even if they never
did see or fish for salmon themselves. Just as many (over three-fourths)
agreed with the statement that, "I think the return of Atlantic Salmon is
an important sign that river pollution has been cleaned up". And only
slightly fewer (73%) felt that there was a need to act on restoration now
for the benefit of future generations of people. A lower proportion, but
still the majority (61%), agreed with the statement that, "I think that
Atlantic Salmon should be returned to New England rivers to restore the
lost balance of nature".

Alternative Calculations of Benefit

An attempt was made to validate the estimates of Atlantic Salmon
valuations reported in Tables 1 and 2 through alternative calculations.
Instead of calculating mean willingness-to-pay from the highest values
reported by survey respondents, related calculations were derived from a
"Yes/No" question. Questionnaire recipients were asked whether they
would be willing to pay a certain preselected dollar amount for Atlantic
Salmon restoration. The dollar amount selected varied across
individuals. Hanneman (1985) has hypothesized that individuals are more
likely to be able to answer a yes/no question than to give a specific
maximum figure. This type of question also avoids the possibility of
starting point bias, where respondents anchor their maximum answers to
the initial dollar figure presented them. Bishop and Heberlein (1979)
first implemented this procedure, while Hanneman (1984a) has developed it
in a utility-theoretic framework.

As suggested by these authors, logistic regression was used to
predict how the probability of being willing to pay for restoration
varies with the dollar amount presented to the respondent. The estimated
logistic equation serves as the basis for calculating willingness-to-
pay. As can be seen from Table 7, the dollar values that are generated
by this process are higher than shown in Tables 1 and 2.22 The values in
Tables 1 and 2 are preferred only on grounds of developing a conservative
estimate of benefits.

24 Gcalculations of mean and median willingness to pay depend upon
the explicit or implicit assumption of a particular utility function.
The values reported in Table 6 implicitly assume a simple utility
function that is linear in income and a constant. Hanneman (1984a) shows
that under this assumption the median and mean are equal.

25 All respondents had the opportunity to answer the willingness to
pay questions in the discrete choice form and then as a maximum value.
In a number of cases (37 - or about 7% of all respondents) people agreed
to pay an amount that was higher than the maximum bid they then entered
in the following question. In about half as many cases (20) people
refused to pay an amount that was lower than the highest amount they
subsequently entered. In this sense, more people revised their bids
downwards than upwards when given a chance to reconsider their answer to
the question in the yes/no format.




Median and mean willingness-to-pay estimated from equations
predicting the probability of agreeing to pay for Salmon
restoration.

Median and mean payment

Willingness topay
for a special licence $43.25
allowing five salmon

to be kept

Willingness to pay

increased taxes or

other fees to help

restore Atlantic
Salmon

The measurements of willingness to pay presented earlier presume
that New Englanders must purchase, in effect, the right to enjoy the
benefits of Atlantic Salmon. An alternative, and equally valid,
microeconomic perspective starts from the presumption that New Englanders
begin with the right to enjoy the benefits of Atlantic Salmon in the
region’s rivers. From this perspective, the value of the restoration
program must be measured as the minimum payment that New Englanders will
accept (eg. in tax savings), on average, to forgo successful restoration.
Note that values are not constrained by income here. Empirical estimates
of "willingness to sell" typically yield values that are an order of
magnitude greater than that of payments.26 They are also more difficult
to assess because it is harder to present a realistic or believable
contingent situation in which repondents would sell their "rights".
Although no dollar estimate of willingness to sell will therefore be
reported, it will be noted that only 5 out of 364 relevant respondents
said they would rather take the dollar savings offered (which ranged from
$1 up to $600) in return for discontinuation of the Atlantic Salmon
Restoration Program.

Summary and Conclusions

The data which has been reported reveals a strong and widespread
interest in Atlantic Salmon restoration throughout the New England area.
The benefit calculations indicate that this interest translates, at least
within the artificial context of the contingent valuation questionnaire,
into a substantial dollar value. Because even conservative estimates of
this dollar value exceed, when expanded over the New England population,
the Fish and Wildlife Service'’s estimates of program costs, it can be
concluded that there are economically as well as politically convincing
grounds for continuation of Atlantic Salmon restoration in New England.

26 Hanneman (1984b) suggests that, in general, large empirical
differences between the measures may be indicative "of a general
perception on the part of the individuals surveyed that the private
market goods available in their choice set are, collectively, a rather
imperfect substitute for the public good under consideration.”
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Mail Questionnaire
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NEW ENGLAND'S ATLANTIC
SALMON RIVERS

RIVERS THAT WILL STILL CONTAIN
ATLANTIC SALMON IF RESTORATION
STOPS

1 SHEEPSCOT S MACHIAS
2 DUCKTRAP € E.MACHIAS
3 NARRAGUAGUS 7 DENNYS

4 PLEASANT

RIVERS THAT WILL CONTAIN ATLANTIC
SALMON ONLY IF RESTORATION
CONTINUES

8 CONNECTICUT IS ST. GEORGE

9" PAWCATUCK 16 PENOBSCOT

10 MERRIMACK 17 UNION

11 SACO 18 ST. CROIX

T2 ROYAL 19 MEDUXNEKEAG
i3 ANDROSCOGGIN 20 PRESTILE

14 KENNEBEC 21 ARCOSTOOK




I. FIRST WE WOULD like to get a sense of how familiar you are with
ATLANTIC SALMON. By ATLANTIC SALMON we mean only those salmon that spend

part of their lives in northeastern rivers (see our map) and part of their
lives in the Atlantic Ocean.

1. Did you know before today that Atlantic Salmon could
be found in some New England rivers? .................. [ ]JNO [ ]YES

2. Have you ever seen any kind of live salmon? ......... [ INO [ ]JYES

If YES, how did you see the fish? (check answers that apply)

[ JWHILE FISHING

[ JVISIT TO A SPECIAL OBSERVATION CENTER

[ 1BY CHANCE IN OPEN WATER

[ JOTHER (explain: )

3. Have you ever fished for any kind of salmon? ........ [ ]JNO [ ]YES
If YEs, for what kind of salmon? (check answers that apply)

[ ]JDON'T KNOW

[ JATLANTIC SALMON

[ ]JPACIFIC SALMON (eg coho or chinook)
[ JOTHER (explain:

4. Have you ever eaten any kind of salmon that you
or someone else caught while fishing for sport? ........ [ ]JNO [ ]YES

5. Which of the following outdoor recreation activities have you
participated in during the past year? (check all that apply)

JFRESHWATER FISHING (other than for salmon)
]SALTWATER FISHING

JHUNTING

JHIKING OR CAMPING

JBOATING OR SWIMMING IN LAKES, RIVERS, or OCEAYN

6. How would you describe the area in which you live?

JRURAL

JSMALL TOWN or VILLAGE

JSMALL CITY (less than 50,000 people)
JLARGE CITY (more than 50,000 people)
]SUBURB OF A LARGE CITY




II. IN THIS SECTION we present a little more information about Atlantic
Salmon in New England's rivers.

Many years ago large numbers of Atlantic Salmon lived in most of New
England's rivers. That is no longer true. As the number of pecple grew,
the number of salmon fell. The decline was caused by over-fishing, water
pollution, and the building of dams that blocked many rivers. Today,
hydro-electric dams are the biggest barrier to the return of the Atlantic
Salmon.

There are now small but secure numbers of salmon in 7 of the shorter
Maine rivers (see map, dotted lines). State and federal programs have
already begun to restore Atlantic Salmon to other New England river
systems. The programs could lead to secure levels of salmon in each of
these 14 additional river systems within 25-50 years (see map, solid
lines). Of course, if the programs are stopped, no salmon will be found
in these rivers. The programs work by: '

* releasing young salmon into the rivers;
* providing ways, such as "fish ladders", for the salmon to
safely get past barriers like dams;
* improving the condition of the rivers in ways that benefit
the salmon; and
* regulating the type and amount of salmon fishing allowed.

Assuming the Program continues, within 10-15 years there should be several
thousands of adult salmon returning to the Connecticut River and the
Merrimack River, and even more to the Penobscot River. Fewer fish would
return to the other 11 river systems.

III. NOW WE WOULD like you to answer some questions about how important
it is to you to have salmon in New England rivers.

7. Do you care, one way or the other, whether there are
Atlantic Salmon in any New England PIVOTS?. s vavsvevevsssal JINO [ TYES

If NO, skip ahead to The Final section on the last page.
If YES, in which of the rivers do you care about the presence of
Atlantic Salmon? (See our map, then check one answer)

[ ] MOST OR ALL OF THEM
[ ] ONLY THE RIVER WHICH IS CLOSEST TO MY HOME:
[ ] ONLY THE FOLLOWING RIVERS: (please list the river names)




8. How does your interest in Atlantic Salmon compare to your interest in
other wildlife, including other wild fish? (check one answer)

[ 1] I RAVE COMPARATIVELY MORE INTEREST IN ATLANTIC SALMON
[ ] MY INTEREST IS ABOUT THE SAME AS IN OTHER WILDLIFE
[ ] I HAVE COMPARATIVELY LESS INTEREST IN ATLANTIC SALMON

9. Which of the following statements or opinions apply to your interests
in Atlantic Salmon? (check all answers you agree with)
[ ] I VERY PROBABLY WILL SEE OR FISH FOR WILD ATLANTIC SALMON
[ ] IT WOULD PLEASE ME JUST TO KNOW THAT ATLANTIC SALMON WERE IN
NEW ENGLAND RIVERS EVEN IF I COULD NEVER FISH FOR THEM OR
SEE THEM MYSELF

IT MATTERS TO ME THAT WE ACT NOW SO THAT FUTURE GENERATIONS
OF PEOPLE WILL FIND ATLANTIC SALMON IN NEW ENGLAND RIVERS

I THINK ‘THE RETURN OF ATLANTIC SALMON IS AN IMPORTANT
SIGN THAT RIVER POLLUTION HAS BEEN CLEANED UP

I THINK THAT ATLANTIC SALMON SHOULD BE RETURNED TO NEW
ENGLAND RIVERS TO RESTORE THE LOST BALANCE OF NATURE

I THINK THAT THE EFFORT TO RESTORE ATLANTIC SALMON TO
THE 14 NEW ENGLAND RIVERS IS A MISTAKE (please explain)

IV. NEXT, WE ARE INTERESTED in finding out how strongly you value the
return of Atlantic Salmon to any or all of the 14 rivers that are affected
by the Salmon Restoration Program.

10. Might you ever fish for Atlantic Salmon on any of the 14 riv
systems affected by the Program to restore Atlantic Salmon (see map)?

[ ] T ALMOST CERTAINLY WILL (continue on next page)
[ ] I MIGHT (continue on next page)
[ ] I PROBABLY WON'T (skip to SECTION V, Q. 20 on page 6)




FISHING: Because of the need to protect Atlantic Salmon from over-fishing,
the amount of fishing is tightly controlled. You must have a license to
leqgally fish for Atlantic Salmon on any river, even if you do not plan to
keep any salmon. The number of fish you may keep is also limited, and
only fly fishing is allowed. About 2,500 Atlantic Salmon licenses were
sold for fishing in Maine this year.

11. Did you know you could buy a license to fish
for Atlantic Salmon in Maine this year? ............ [ JNO [ ]YES

If YES, which of the following strongly influenced your
decision to buy or not buy the license this year?

(check any that apply)

COST OF A SALMON LICENSE

DISTANCE OF THE SALMON RIVERS FROM HOME
NUMBER OF SALMON IN THE RIVERS

SIZE OF THE SALMON

LICENSE LYMITS ON THE NUMBER OF FISH CAUGHT
THE COST OF SALMON FISHING GEAR -

CROWDING AT SALMON FISHING SPOTS

We would like to know whether you would buy an Atlantic Salmon
license if the Program to restore Atlantic Salmon were stopped, and salmon
lived only in the 7 rivers not affected by the Program.

The existing license allows you to keep up to 5 Atlantic Salmon each
year. This year a license cost $30 for people who do not live in Maine,
and $10 for people who do live in Maine.

12. Assume that the Program to restore Atlantic Salmon is stopped.
Then Atlantic Salmon fishing will only occur on the 7 rivers not
affected by the Program (dotted lines on map). If the price ($30,
or $10 for Maine residents) and the limit on the number of fish
(up to 5) stays the same, how likely is it that you would buy a
license in the next few years?

[ ] I ALMOST CERTAINLY WOULD BUY A LICENSE.

[ ] I PROBABLY WOULD BUY A LICENCE.

[ ] I'M NOT SURE IF I WOULD BUY A LICENSE.

{ ] I PROBABLY WOULD NOT BUY A LICENSE

[ ] I ALMOST CERTAINLY WOULD NOT BUY A LICENSE

what is the very highest pfice (if any) you would
seriously consider paying for such a license?....$

What is the very highest price (if any) you are
almost certain you would be willing to pay
for such a license?..............................s

e




Out of a total of about 750 Atlantic Salmon caught on all New England
rivers this year, almost 600 were caught by people traveling to the
Penobscot River. Still, the average fisherman on the Penobscot must now
fish almost 20 times to catch one salmon. The Atlantic Salmon Program will

increase the number of salmon in each of 14 river systems - including the
Penobscot (see map).

15. What is the greatest distance you would be willing to
travel away from home for the sole purpose of fishing
for Atlantic Salmon? ...... s B S MILES

*

Any decision to go ahead with the Program must consider the number of
people who will be interested enough in fishing to buy an Atlantic Salmon
license. If there are not enough people interested in buying licenses,
the Program may have to be stopped. We next ask if you would be willing
to pay a kind of "special restoration fee" for a license to fish the 14
river systems affected by the Program.

Assume for the purposes of this questionnaire that only people
pPaying the special fee would be allowed to fish for salmon on
those river systems, though you could still buy a license to
fish on the other 7 salmon rivers.

Because of the small number of salmon now in the 14 rivers,

fishing would have to be very restricted until more fish have
been restored to them.

16. Would you be willing to pay a special fee of §$
each vear to reserve a license for fishing on the
restored salmon river systems Years from now? [

Would you pay this fee if it...

....did not allow you to keep any salmon you caught?

-<..allowed you to keep just one salmon you caught?
++..allowed you to keep up to five salmon you caught?
~«...allowed you to keep up to ten salmon you caught?

.-..allowed you to keep more than ten salmon?




17. What would be the very highest yearly fee you could be

charged to reserve a license for years from now before
you would feel that the license for the 14 river systems
wasn't worth the cost - if such a license....

...did not allow you to keep any salmon you caught? $
...allowed you to keep one salmon each season? S

...allowed you to keep five salmon each season?

Frachi o i L

...allowed you to keep ten salmon each season? S
$

...allowed you to keep more than ten salmon?

18. If the yearly fee to reserve a license turned out to be set $5 higher
than the amounts you just listed as your highest, how likely is it that
you might reconsider and decide to pay for a license anyway?

{ JVERY UNLIKELY

[ ]SOMEWHAT UNLIKELY
{ JUNCERTAIN

{ ]SOMEWHAT LIKELY

{ JVERY LIKELY

19. 1Is the total value of having Atlantic Salmon in the 14

rivers worth any more to you, in money terms, than the highest

dollar amounts you have said you would be willing to pay

for a fishing license?......................;............[ JNO [ ]YES

If NOo, skip to Question 28 on last page.
If YES, continue here.

V. AS YOU MIGHT expect, the Program to restore Atlantic Salmon will cost
money to complete. For this reason we will be asking you to think a
little about the full dollar value, to you personally, of having salmon in
New England's rivers. Your answers to the following questions will help
policy makers decide whether or not to continue restoring Atlantic Salmon
to the 14 river systems shown on our map; and how to best pay for the
Program if it is decided to continue.

20. - Can you think of anything you already spend money on that has about
the same value to you as the Atlantic Salmon Program does? Please
describe it if you can:

21. Have you donated any money for wildlife protection
Ehis YeaT2. - iiiL i ol e sildamisiis el iale slein o sl nie 2SS R [ INO [ ]YEB




22. Several methods might be used to raise extra money for the Salmon
Restoration Program. Of course, not everyone is affected in the same way
by each method of payment. Of the type of payment that you normally must
make anyway, which would you prefer to see used to pay for the Atlantic
Salmon Program?

)JFEDERAL INCOME TAXES
]STATE INCOME TAXES

]JSALES TAXES

JELECTRICITY BILLS

JOTHER (explain: )

JNONE - I'M NOT WILLING TO PAY ANYTHING (skip to last page)

23. Would you be willing to pay $ more next year to
help bring Atlantic Salmon back to the 14 affected river
systems - if it were decided to raise money using the
JNO [ ]YES

24. What is the verv highest extra payment you would
be willing to pay rather than see the Program stopped?.....$

_!?LL

If too 1little public support for the Program to restore Atlantic
Salmon to New England rivers is found, it could be stopped. Then some of
the money that has already been budgeted for the Program would not be
spent. This money could then be returned to you as lower taxes, as lower
electricity bills, or maybe even as a special cash payment to people who
do not normally pay such bills.

25. Imagine for a moment that you could be guaranteed a one-time "rebate"
of § if the Program was stopped. Would you then prefer to see the
Program continue or to get those money savings?

[ ] CONTINUE THE PROGRAM
[ ] GET THE SAVINGS AND HAVE THE PROGRAM END

Try to think carefully about what you would do with a rebate if you
one - and then answer this question:

What would be the very smallest one-time rebate you would
prefer to get rather than see Atlantic Salmon continue
to be restored to the 14 river systems?......cccccee.ee$

27. If you happened to be near one of several dams with Special
Visitor's Centers at the right time of year, you would be able

to watch the annual migration of Atlantic Salmon in progress.

Assuming the Program continued and you were able, would you

have any interest in stopping to watch Atlantic Salmon

swim past and to learn more about them? ........ccccc... [ JNO [ ]JYES

If YES: What is the very most you would
be willing to spend on an entry ticket? §




VI. THE FINAL SECTION - Your ansvers to this section will help us predict
the number of people interested in Atlantic Salmon in all of New England.
Your answers will be kept strictly confidential, and will never be linked
to your name.

28. In what year were you bOIN? ..c..cecccncccccnocccccocces 19
29. What is your seX? ...cceecescccccccccccccces [ IJMALE [ ]FEMALE

30. What was your main occupation this year (1€
student, unemployed, or retired, please indicate)

31. In what city or county and state
is your home? ; COUNTY OR CITY
STATE

How many other people live with you in your household? OTHERS
What is the highest year of school that you have completed?

1-6 YEARS

7-9 YEARS

10-11 YEARS

HIGH SCHOOL GRADUATE
SOME COLLEGE

COLLEGE GRADUATE
SOME GRADUATE SCHOOL

34. What was your approximate total household income, before taxes, in
19852

J$0 - 9,999
1$10,000 -
1$20,000 = 29,999
1$30,000 - 39,999
1$40,000 - 49,999
1$50,000 = 75,000
] more than $75,000

19,999

Kindly return this questionnaire within two weeks of receiving it. Simply seal it in
the enclosed stamped self-addressed envelope and deposit in any mail box. The
postage has been provided.

THANK YOU FOR YOUR TIME AND EFFORT!
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NONRESPONSE BIAS

The questionnaire mailed to 1500 New England residents was eight
pages long and relatively demanding of participants. Moreover, it was
not anticipated that Atlantic Salmon restoration would be a subject of
deep interest for most questionnaire recipients._ These considerations
led us to expect a relatively low response rate.l The 42% response rate
discussed in the body of the report confirmed that expectation.

Because of the large proportion of nonrespondents, it was not
possible to rule out a priori the possibility that our data were
seriously biased or unrepresentative of the full population. In order to
ascertain whether or not there were significant differences between
respondents and nonrespondents, a telephone follow-up survey was
conducted. A number of key questions - concerning nonrespondent interest
in Atlantic Salmon, their willingness to pay for restoration, and a few
standard demographic parameters - were extracted from the mail
questionnaire and adapted slightly for the telephone (see Appendix III
for questions).

At the time of sample selection for the nonrespondent survey, 772 of
the initial questionnaire recipients had not responded. Because the
original sample had been selected from telephone directories, telephone
numbers were available for all of these nonrespondents. Attempts to
interview nonrespondents continued in a randomly determined order until
118 contacts were made with persons willing to answer at least the key
question: did they care one way or the other whether or not there were
Atlantic Salmon in any New England rivers? Sixteen additional persons
who had not returned the mail questionnaire were contacted, but they
refused to answer even this question. Attempts to reach another 41
nonrespondents failed because the person had moved, died, or discontinued
phone service at the given number. Finally, another 41 nonrespondents
were called but never successfully reached after a minimum of at least
two further calls (see Table II-1).

Administering the questions over the phone generally took less than
a minute if the individual indicated no interest in Atlantic Salmon, and
less than five minutes if some interest was expressed and all the follow-
up questions asked.

1Closely related issues for telephone surveys are discussed in
Sharp, Laure M. and Joanne Powell. 1983. "Respondent Burden: A Test of
Some Common Assumptions". Public Opinion Quarterly. Vol 47:36-53, Much
of the literature cautions against expecting returns from more than 30%
of the general public with mail questionnaires, but many authors
demonstrate that persistent follow-ups can generate 70% response rates
and higher. (See citations in Goyder, John. 1985. "Face-to-Face
Interviews and Mailed Questionnaires: The Net Difference in Response
Rate." Public Opinion Quarterly. Vol. 49:234-252; see also Brown, Tommy
L. and Bruce T. Wilkins. 1978. nclues to Reasons for Nonresponse and
its Effect upon Variable Estimates". Journal of leisure Research. Vol.
10:226-231 and Brown, Tommy L., Chad P. Dawson, Deborah L. Huston, and
Daniel J. Decker. 1981. "Comments on the Importance of Late Respondent
and Nonrespondent Data from Mail Surveys." Journal of leisure Research.
Vol. 13:76-79, for experiences with recreation and land use questionnaires.)
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Table II-1. TELEPHONE FOLLOW-UP RESPONSE RATES
772 nonrespondents; from which random selection produced
118 at least partially cooperative random contacts;
16 total noncooperators;
41 deceased or otherwise unreachable parties; and

41 nonrespondents who could not be reached after several
repeat calls; comprising a total of

216 nonrespondents called and

556 nonrespondents not called.

The statistical depiction of nonrespondents that follows is
therefore based on a sample of 118, accounting for 15% of all
nonrespondents, or 55% of the nonrespondents called. Are these 118
nonrespondents representative of the remaining nonrespondents, especially
with respect to interest in the Atlantic Salmon Restoration program?
Because of the random calling order used, it can be assumed that the 216
nonrespondents called are collectively representative of the 556 not
called. But there is not enough information available to unambiguously
determine how closely the 118 cooperators may resemble the remaining 98
nonrespondents called.

Some assumptions must therefore be made.? It should be a reasonable
if not entirely accurate3 assumption that the 41 nonrespondents who could
not be reached would not have differed significantly in their responses
from the 134 (118 + 16) nonrespondents with whom personal contact was
made (ie. about 5 of the 41 would probably have refused to cooperate, the
remainder would have mirrored the interest in Atlantic Salmon of the 118
cooperators.) Thus, a total of about 10% [(16+5)/216] of the
nonrespondents would be reasonably classified as noncooperators. We have

230me techniques exist for trying to avoid such informal
assumptions, eg. by predicting nonrespondent characteristics on the basis
of a small amount of known information (see Daniel, Wayne W. 1975.
"Nonresponse in Sociological Surveys". Sociological Methods & Research.
Vol. 3:291-305; and Smith, Tom W. 1983. "The Hidden 25 Percent: An
Analysis of Nonresponse on the 1980 General Survey”, Public Opinion
Quarterly. Vol. 47:386-404). However, Smith notes ultimately that "we
come close to the conclusion that nothing works in estimating
nonrespondent bias", '

3Smith (ibid) found that availability of respondents for interview
was in fact related to labor force participation, socioeconomic status,
age and marital status, health, and sex. Ignoring the difference in the
types of people likely to be available for phone compared to mail
interviews probably overstates the real differences between the mail
nonrespondents and mail respondents, since the attempt to contact the
mail nonrespondents was made over the phone.
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essentially no relevant information about the noncooperators. Still, the
most conservative and probably reasonable assumption about them would be
that they have no interest in Atlantic Salmon restoration. Similarly,
the most conservative assumption about the 41 deceased or otherwise
unreachable contacts is that they also have no interest in Atlantic
Salmon restoration. This assumption is perhaps overly conservative,
since even the deceased nonrespondents might have had an interest in
Atlantic Salmon at the time the sampling list was compiled; and some of
the unreachable nonrespondents who have changed phone numbers or moved
surely do have an interest in Atlantic Salmon.

In conclusion, the reader should bear in mind that for only 55%
(118/216) of the nonrespondent subsample is analysis based on direct
telephone responses. Since only 42% of persons receiving the mail survey
returned a questionnaire, this means that there is little or no
information on approximately 345 of the 1320 persons who received
questionnaires. After accounting for the 180 undeliverable mail
questionnaires, the figure rises to 525 of the initial 1500
questionnaires sent out; i.e. 35% of the population of households have
been assigned by assumption to either the "no interest in Atlantic
Salmon" group or the "just like the respondents" group. Thus, while the
nonresponse follow-up increases knowledge about the magnitude and
importance of possible bias, it does not eliminate the problem
altogether.

Before proceeding to the mail/telephone follow-up response
comparisons, a related consideration must be addressed. The corporation
that selected the initial sample of 1500 (Survey Sampling, Inc.) warms
that its data base covers only 86% of all households nationally. This
coverage is based on listed phone numbers as supplemented in 26 states by
auto registration data. Although 1980 census statistics show that 95.4%
of New England households had phones,4 mail coverage is lower because no
addresses can be associated with unlisted telephone numbers.

MAIL RESPONSES COMPARED TO TELEPHONE RESPONSES

The answers of the 559 mail respondents and the 118 telephone
follow-up respondents were compared for 20 specific jtems. It was not
possible to conclude that there were no significant differences between
the two groups.

b4rable 149, Detailed Characteristics, US Summary, 1980 Census of
Housing.

STelephone directories of listed numbers only have been shown to
disproportionately exclude households of lower socioeconomic status, a
problem generally most problematic for surveys in urban areas. A recent
study confirms that "telephone directories provide an acceptable and
efficient sampling frame for general population mail surveys of rural
areas". (Kviz, Frederick. 1984. "Bias in a Directory Sample for a Mail
Survey of Rural Households". Public Opinion Quarterly. Vol. 48:801-
806.) Over the whole of New England, this source of bias is probably
small compared to other sources of bias.




Table II-2.

Variable Described

Educational Level

High School Grad
Some College
College Grad

Occupation

Professional
Retired
Other

Age

Over 50 years
31-50 years
Up to 30 years

Sex

Male
Female

State of residence

Connecticut
Maine
Massachussetts
New Hampshire
Rhode Island
Vermont

Cares about Atlantic

Salmon Restoration

Cares
Doesn'’t Care

Questions asked of

Mail
Results

(n=540)

29%
- 25%
46%

(n=529)

22%
20%
48%

(n=543)

40%
42%
18%

(n=556)

77%
23%

(n=544)

23%
12%
47%
9%
6%
3%

(n=556)

82%
18%

every cooperator.
Follow-up Difference*
Results

(n=79)

42%
24%
34%

(n=93)

13%
29%
48%

(n=95)

43%
42%
15%

(n=118)

73%
27%

(n=118)

35%
8%
37%
7%
6%
7%

(n=118)

60%
40%

Large
Large

"Large" and "Small" indicate whether or not the difference between
the two samples is statistically significant for a two-tailed test

at a 95% confidence

interval.

Note that the differences between

categories within a question are not independent of each other;

hence sequential statistical tests of categories are invalid.

Also,

the number of respondents differs from question to question because

of item nonresponse.
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Table II-2 lists the six items that applied to every respondent:
state of residence, sex of respondent, interest in Atlantic Salmon
restoration, educational level, occupation, and age of respondent.

The differences between the two groups generally followed expected
patterns. The people who did not read through and answer the complex 8
page mail questionnaire but who were willing to answer some questions
over the phone were markedly less well-educated than the mail
questionnaire respondents. Given re orts of 13%-26% functional
illiteracy among the general public, it seems likely that the written
survey was simply overwhelming for some people. Similarly, the mail
survey respondents were more likely to be working professionals than the
telephone follow-up respondents, a finding which is probably directly
related to both the observed educational differentials and the difficulty
of catching working professionals at home with telephone calls. Both
differences are indirect indications that income levels of the mail
respondents are probably higher than for the telephone follow-up sample,
though because of expected respondent sensitivity about revealing
incomes, this question was not asked over the phone.

It is also consistent with other studies that the telephone sample
of nonrespondents contained a greater proportion of retirees than the
mail survey. Retirees can be expected to be less active in general than
working people. Some have greater difficulty in seeing the printed page,
and some have less tolerance for the exertion, both mental and even to
some extent physical, required to fill out a complicated questionnaire.
While these problems are normally thought of in the context of age, it is
noteworthy that despite the discrepancy in retirement status, the age and
sex distributions of the two groups are very similar. Better
understanding of the discrepancy would require a_more sophisticated look
at the relationships between age and retirement.

The fact that a significantly lower (higher) proportion of mail
respondents were from Connecticut (Massachussetts) is curious. The
discrepancy may be due to different levels of coverage of restoration
efforts by the Connecticut and Massachussetts media.

The most important discrepancy between the two samples is the much
higher proportion of mail survey respondents claiming they care whether
or not Atlantic Salmon will be found in New England rivers. Again, the
discrepancy is in the direction expected: people with less interest in
the issue should be less motivated to expend effort on a mail

6ys Bureau of Census figures cited in Publishers Weekly (May 23,
1986, Vol. 229:30) indicate that 13% of the English speaking population
over 20 years of age is "functionally illiterate”, as determined by a
more liberal criterion than the sixth grade reading level often used to
peg "functional jlliteracy" at 26%.

7Again, it is possible that differences between the samples have
been distorted because of a telephone nonresponse bias.
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questionnaire; whereas the effort and attention required to give a short
telephone response is much less.

Because several of these discrepancies are significant,9 the mail
survey’'s single variable results have been adjusted where possible. Only
a subset of the mailed questions were asked over the telephone. Because
of the absence of some variables in the telephone follow-up survey, it is
not possible to test or carry over all nonresponse adjustments into an
.analysis using multivariate models.

Table II-3. Interest questions asked only of cooperators who "care"
' about Atlantic Salmon.

Variable Described Mail Follow-up Difference*
Results Results

Will see or fish for
Atlantic Salmon (n=453) (n=66)

Yes 32% 44%
No 68% 56%

Atlantic Salmon pleasing

even if will never fish
for or see them (n=452) (n=64)

Yes 77% 100%
No 23% 0%

Act now for future
generations (n=453) (n=64)

Yes 73% 98% Large
No 27% 2% Large

"Large" and "Small" indicate whether or not the difference between
the two samples is statistically significant for a two-tailed test
at a 95% confidence interval.

8Similarly, questionnaire respondents who returned their
questionnaires promptly were more likely to "care" about Atlantic Salmon
than those who responded only after several follow-up letters (chi-square
value of 18.08). '

Since most of our research interest is directed only at the portion
of the public with some interest in Atlantic Salmon, nonresponse bias was
also investigated for the mail and phone sample subsets of only those
persons indicating interest in Atlantic Salmon. Since most respondents
were interested in the fish, the same patterns of mail and phone
differences appear in the subsamples.
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Responses to all of the questions displayed in Table II-3 show
significant differences between mail and phone follow-up respondents.
Though fewer phone follow-up cooperators cared about Atlantic Salmon
restoration, Table II-3 reveals that the respondents who cared about
Atlantic Salmon were more likely to expect to personally see or fish for
them. It might then be concluded that these people were more likely to
care about Atlantic Salmon because they had a direct or "use" interest in
the fish. However, these same people also expressed much stronger
{ndirect or altruistic interests in Atlantic Salmon: essentially all the
people who cared about Atlantic Salmon indicated that they cared whether
or not they would ever see or fish for Atlantic Salmon, and because they
were interested in passing on a legacy to future generations. While
these results can be taken at face value, a cautionary note might again
be made with reference to differentials in the way people respond over
the telephone and through the mails. Dillman, a survey research expert,
has noted informally that there seem to be consistent differences in the
way people answer identical questions over the telephone versus in a mail
questionnaire versus in face-to-face interviews. In particular, people
may be influenced by the relatively shorter time allowed for
consideration of an answer in an interview, and tend to give more extreme
responses on scaled variables.l0 The lower educational leveéls of the
telephone follow-up respondents may relate to their greater interest in
Atlantic Salmon restoration, since through analysis of mail responses it
was determined that lower levels of education were positively correlated
with willingness to pay to restore the fish.

Table II-4. Recreation participation questions asked only of
respondents who "care" about Atlantic Salmon.

Variable Described Mail Follow-up Difference*
Results = Results

They fished or hunted
during the past year (n=449) (n=63)

Yes 52% _ 48%

They boated or swam in
lakes, rivers or the
ocean during the

past year (n=449) (n=63)
Yes ' 77% 76% Small

"Large" and "Small" indicate whether or not the difference between
the two samples is statistically significant for a two-tailed test
at a 95% confidence interval. -

10Lecture, 1986, Cornell University.
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Table II-5. Willingness to pay questions asked only of
respondents who "care" about Atlantic Salmon.

Variable Described Mail Follow-up Difference* .
Results @~ Results

Would prefer to pay
increased federal
income tax

Yes

Would prefer to pay
increased state
income tax (n=449)

Yes 32%

Would prefer to pay

increased electric bills (n=449)

Yes 12%

Would prefer to pay
in some other fashion (n=449)

Yes 17% 8%

Would prefer to not
pay anything (n=449) (n=60)

Yes 10% 18% .

Willing to pay the
amount we specified (n=102) (n=25)

Yes 79% 79%

Average maximum will- (n=88) (n=24)
ingness-to-pay
for Salmon $38.47 $50.37

Answers to these questions are reported only for that portion of
each sample that cares about Atlantic Salmon and that expected to
see or fish for them someday. Because of differences in the routing
of anglers through the two surveys, even these subgroups are not
strictly similar, so statistical comparisons could be misleading
(see text that follows).
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Table II1-4 displays the differences in mail and telephone follow-up
responses regarding recreational behavior for those persons indicating
interest in Atlantic Salmon. Despite the differences noted for other
variables, the recreational behavior of mail and phone respondents is
similar.

Table I1I-5, finally contrasts the two groups with respect to
questions about willingness-to-pay to continue the restoration program.
The telephone follow-up did not differentiate willingness-to-pay
questions for anglers versus non-anglers. Mail respondents expecting to
fish for Atlantic Salmon someday would have first answered questions
about willingness-to-pay for fishing licenses before answering (or
skipping over) these questions, whereas all phone respondents interested
in Atlantic Salmon would have answered only these willingness-to-pay
- questions. Since anglers as a group expressed greater total willingness-
to-pay for Atlantic Salmon restoration in the mail responses,11 it
follows that had all anglers in the mail questionnaire directly answered
the general willingness-to-pay question, then the $38.47 figure would
have been higher. Since $38.47 and $50.37 are in any event not
statistically different from each other with high levels of statistical
confidence (for the given sample size), it will be assumed that there is
no nonresponse bias in the mail sample estimate of maximum willingness-
to-pay, given ‘that the respondents have said they "care" about Atlantic
Salmon restoration. Similarly, the revealed preferred methods of payment
are assumed to be accurately depicted in the mail sample results.

1ltotal willingness-to-pay of persons saying they were certain they
would fish for Atlantic Salmon someday was almost twice as high as
persons saying they might someday fish for Atlantic Salmon, which was in
turn somewhat higher than the total willingness-to-pay of nonanglers.
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APPENDIX III

Nonrespondent Follow-up Questionnaire
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The U. S. Fish and Wildlife Service must decide vhether or
not enough people are interested in Atlantic Salmon to justify
continuing vith their plans. They’ve already begun to restore
this fish to many of the rivers in Newv England vhere Atlantic
Salmon used tao live. But the Fish and Wildlife Service may
decide it is better not to spend the public’s money on salwon
reatoration if not many people are interested. So...

1. Do you care cne wvay or the other vhether there are Atlantic '
Salmon in any New England rivers?

{ ) NO - skip tao question 7.

[ J YES - continue.

2. Nov please tell wme if any of the following statements about
Atlantic Selmon apply to you:

1 VERY PROBABLY WILL SEE OR FISH FOR WILD
ATLANTIC SALMON SOMEDAY

IT WOULD PLEASE ME JUST TO KNOW THAT ATLANTIC
SALMON WERE IN NEW ENGLAND RIVERS EVEN IF I COULD
NEVER FISH FOR THEM OR SEE THEM MYSELF

IT MATTERS TO ME THAT WE ACT NOW SO THAT FUTURE
GENERATIONS OF PECPLE WILL FIND ATLANTIC SALMON
IN NEW ENGLAND RIVERS

3. 1f the program to restore Atlantic Salmon is continued,
several methods might be used to raise extra money. Which of the
folloving four kinds of payments vould you prefer to see used to
pay for the Atlantic Salmon Program? You may choose more than
one, or none of these, but please choose a method of payment you
normally make yourself. The choices are: (read the four)

JFEDERAL INCOME TAXES
JSTATE INCOME TAXES
JSALES TAXES
JELECTRICITY BILLS

read) { INONE - I°M NOT WILLING TGO PAY ANYTHING (ekip to
Q. 6)

{ JOTHER
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4. Using an increase in (choice from Q. 3], would you be willing
to pay S more next year only - in order to help the
Salmon Restoration Program succeed in bringing Atlantic Salmon
back to New England rivers?

{ INO [ 1YES
S. Whet is8 the very highest extra payment you would

be willing to pay rather than see the Program stopped?
©

6. Now, could ycu please tell me if you have participated in any
of the followving outdoor recreation activities during the past
year?

HIKING OR CANOEING

FISHING OR HUNTING
BOATING OR SWIHMMING IN LAKES, RIVERS, or the OCEAN

In wvhat year were ycu barn?

What was your main occupation this year (such
unemployed, laborer, secretary, doctor, etc.)

9. And finally, what is the highest year of school that
completed? :

J1-6 YEARS

J7-9 YEARS

110-11 YEARS

JHIGH SCHOOL GRADUATE
1JSONME COLLEGE
JCOLLEGE GRADUATE
JSOME GRADUATE SCHOOL

THANK YOU VERY MUCH FOR YOUR COQPERATION!




