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UNIVERSITY OF MASSACHUSETTS
a t  Am h e r s t
Machmer Hall September 29, 1.993
Amherst, MA 01003 
(413) 545-2221 

Sectjetary Bruce Babbln 
Department ofthelnterior 
Washington, DC 20240

Dear Secretary Babbitt,

Following your August statements irt Connecticüt about supporting the salmon restoration project in New 
England, I write to acquaint you with research done here at the Department of Anthropology at the 
University of Massachusetts. This information suits very well the recommendation in your department's 
recently promulgated 'National strategy for Federal Archaeology"“ "Public Use of the Archeological 
Paleoenvironmental Record...tc help shape our present responses to changing environments "

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

Carlson'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 Ice Age. They appear to have arrived via Greenland with the cooling climates of the Little Ice Age, 
perhaps only a century or so prior to the arrival of Europeans. They were never abundant in southern New 
England waters, as Carlson's careful review of historical data clearly establishes. The presence of the 
"noble salmon" in watets 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 narratives 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 Ice Age was 
essentially coincident with the industrialization of New England's rivers and also with the disappearance of 
salmon from the wafers of southern New Fngland In this case, only the coincidence of development with 
the salmon disappearance was interpreted as causal.

Among the advisors for Catherine's dissertation was a very competent fisheries biologist at the University of 
Massachusetts, who finds no problems in her argument or conclusions. However, when the information , 
was presented to persons associated with the salmon restoration project locally, their response has been 
denial and dismissal. Although all of their objections are anticipated in the dissertation, nothing new has 
been offered in rebuttal or refutation of any of the data.

Given the results of this research, ! believe that additional federal financial support of the salmon restoration 
project in southern New England is unlikely to be rewarded by results. The disappointing results to date fit 
Dr. Carlson's expectations very well. I urge that your department {the National Bjlogtca! Survey?) inquire '%• 
further into this matter and reevaluate the level of support appropriate for the agendas of optimistic game 
fishermen. Only a return of near-glacial climates will bring Atlantic salmon south again.

Sincerely, :. --’T T rT ;

Professor of Anthropology

ENC: text of 'THE (IN)SIGNIFICANCE OF ATLANTIC-SALM ON IN NEW  ENGLAND, 13 pp
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United States Department of the Interior
FISH AND WILDLIFE SERVICE 
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In Reply Refer To: 
FW S/Region 5/83041 N O V  11993

Dr. Dena F. Dincauze 
Professor o f Anthropology 
University o f M assachusetts at Amherst 
M achmer Hall
Am herst, M assachusetts 01003 

Dear Dr. Dincauze:

Secretary Babbitt has asked me to respond to  your letter o f September 29, 1993, regarding the 
historical significance o f  Atlantic salmon in N ew  England. Ms. Carlson's research has 
fascinating implications for traditional biological intopretations o f data. Her work should 
definitely be considered in evaluating modeled expectations for successful recovery efforts,

W e certainly agree that the size o f fisheries populations is often cyclic w inch can be due, in 
part, to  long-term natural climatological cycles. Ms. Carlson makes a good argument for this 
in her paper, The (In)Significance o f 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 A tlantic salmon populations. Cyclical changes in 
ocean temperatures over a  10-20 year period impact tire size o f salmon ocean feeding grounds 
in  the N orth Atlantic "which cause increases and decreases in the-marine survival o f salmon 
regardless o f other variables.

It is im portant to  note that while A tlantic salm on were never extremely abundant for extended 
geological periods here at the edge o f 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, I  
and cause and effect relationships have been demonstrated directly implicating dams and 
associated lack o f passage and loss o f habitat. For example, the successful restoration o f 
A tlantic salm on in the Merrimack River in the 1870-1890s was abruptly terminated when a 
flood destroyed a prim itive, but effective, fish passage fe r i ty  at the Lawrence dam in 1896.

The U.S. Fish and W ildlife Service recognizes the value o f Atlantic salm on as indicator 
species w ithin discrete river basin ecosystems, th e ir  numbers reflect w ater 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  communities within 
the watersheds.



Dr. Dena F. Diiicauze 2

O ur attention to these particular fishery resources in no way diminishes our concern for other 
fisheries. Ms. Carlson cites the relatively greater historical importance o f groundfisb, like 
cod, to New England's commercial fisheries. In the last two decades, the New' England 
Fisheries Management Council (o f which the U.S. Fish and W ildlife Service is a member), in 
cooperation w ith the Department o f Commerce, National Marine Fisheries Service, has 
expended many more dollars and agency resources to manage the New England groundfisheiy 
(cod and haddock) than has ever been expended on Atlantic salmon. Clearly', over fishing is 
the prim ary environmental factor influencing cod and haddock populations.

It has and w ill continue to be our goal to  conserve and restore native fish populations and 
their habitats which have been recognized as critical components o f larger ecosystems. This 
is especially important since w e are both stewards o f  and elements o f these ecosystem s. 
W hether a species has been a significant naturally occurring element o f a  particular ecosystem 
for centuries or m illennia should not be a  factor in  weighing our relative stewardship 
responsibilities among species.

Thank you for expressing your historical viewpoint on our Atlantic salmon restoration 
program . It interested me greatly and I assure you that we will consider its implications in 
our future evaluations.

Sincerely,

5*5*53
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feacéoground and Socfce .. x
¡totesection i f à  b f tité fédérai ÜÉteir Pollution Ocntroi Act*' 

the secretary o f thé i m t i i à  iid ire c te d  to  develop ccaprehensive 

pmgrmm to t elim inating o t reducing pollution of in te rs ta te  ea te rs 

and thereof considering th l inptovement* rfiidfci ate

necessary to  conservé èdcfc W àtëiéfet legitim ate tees including 

propagation of fish  and othè* âguâtib lif e .

Section 3 (b) of th* Act StéteS th a t in  the survey o r planning 

of any reservoir hy thé (**$1 of fangiheerti Bureau of Reclamation* 

o r any other federal égérey* Oehsideraticn sh a ll hé given to incW" 

sion of storage f  atteg tiiiëélil tà  « teréftow  fe r thé purpose o f .^

vg/tetquality  obntrdU *8»i tiè d  fo r ind vàlue o f storage to t th i*  

(h a ll bè dêterm ited fcÿ thésé «gendes w ith toe àdvioô of 

thé Secretary. v'

lu  both the development 6É ocnprehensive Water quality ttije o e n t 

prcgrreS and stre«m£Ufe tegü lâtM  fcyStem* to t Water quality oohttol* 

the tdbk»potential tftife bf th» Wibéte and thé associated levels Of

Water quality must be rtoognized.

tjédéè tife fifed iih lii b t th i âhiàtotaoéi and Great lakes f ite e tis i 

Restoration le t  Of Jftt*  ft Sto|S4iktisi fishery restoration program 

hid hSSh in itia ted  lofr th l (S àtttM tot MvBr Basin. A copy of thé 

restoraticn agreement between th l participating State and federal 

fishery egendéé Ü  ittcifefcd in  Appendix §. -fee objectives of th is ,

-  2 -

progr«« are to  rea lize  the fa ll po ten tia l o f the fishery resources of 

thé River including both anadremous and resident species, s - t j  rvns 

o f A tlantic Salmon (Salmo salar) have been teetered  In the Machias, 

Dennys, P leasant, East Machias, Narraguagus and ShccpoooL Rivers in  

Maine* and thé p o ssib ility  of restoring  them in  other New 

rivers is  being en te red . From the Standpoint o f water q u ality , the 

Salmch is  one Of the most sensitive species which is  being rr»«.<A.r^ 

tsider the resto ration  program. The water quality  requifenentS fa r thé 

A tlantic Sáímon w ill* therefore, play â large ro lé ih  thé development 

o f a Water quality  management program. '

fee objective o f th is  re p o r tis  to  present a  sunury o f the re ­

su lts o f research and investigatlcns on the Water quality  requironente 

far A tlantic Salmon. I t  should be noted, however, th a t the tn««nn»n^. 

available on water quaU ty requirements to r A tlantic S ain »  is  

Although adequate information ex ists oh oxygen Ind temperature tequire- 

w hts a t the egg stages* few sources deal With Water quality  require­

ments faring  o ther fresh w ater stages** Much o f the recorded experi- 

meutatlon during fresh Water stages exadnes only le th a l o r le th a l 

fenperatures and dissolved caygen concentrations Which barely permit 

Ml"®n 8urv^v*l* 8“ r  la th a i levels o f w ater quality  are to ta lly  ln - 

ad8qUat*  * *  a c tiv itie s , growth* reproduction and normal



awinming perfarmanoè and, th i» , cannot be used as water quality  require- 

nients S era  excellent information ¿ d s ts  en the requirements o£ P acific 

éatoàhduring fresh water staged. Ü iis information can simplement thé 

available data oh A tlantic salmon and can aid iii establishing ten tative 

„¿terquality  requixemntà U itü  further research is  carried  out.

 ̂ • II. &JMMABY ' •' j '

Concentrations o f dissolved oxygen, carton dioxide, toxic pollutants, 

together With temperature and pH levels greatly  a ffec t productivity, of 

fish . Near air-sa tu rated  dissolved oxygen concentration with maximum 

tanrpetetureS not exceeding 1 9 ^  is  optimum fo r growth and ac tiv ity  of 

A tlantic Salmon. Extended exposure of A tlantic Salmon fo dissolved coy- 

Qen concentrations below 5.6 rog/1, temperatures above 20°C, d r various 

toxicants causes theiir reduction or elim ination^ the dnvirotinent.

bissolved oxygen requirements fo r A tlantic Salnon are highest during 

hatdiing and a t other stages during periods o f jfii^i ac tiv ity , such as

camsitk and foraging fa r food, foe oxygen required to 

sustain ac tiv ity  varies with water ̂ temperature^and ¿ ¿  with apparent 

water velocity during tefcryonic stages, id  tenperature rise s , metabolic 

ac tiv ity  irises causing an increase in  oxygen requirements fo r a l l  stages. 

During embryonic development, apparent watier velocities o i 10d atyhr and 

above are necessary to  insure delivery of oxygen to  eggs and alevins 

vbidi are buried w ithin the gravel of ^he streanbed. Spawning a re ^  

rfwuld remain free o f fc ilt since sedimentation causesreducticn inappar-

IJuring embryonic dewfelcpment o f salmonoids, sustained dissolved 

<»ygen concentrations below 4 o r 5 mg/1 o r low apparent water velocities 

oause retarded development, hatdiing o f weak sad-fry , malformity# and 

BDrtality. other Stages, concentrations o f dissolved oxygen below

- 5 -



S a ta n é »  ta la  to  e x is t In  the itaarato ry  « t * * # ¥  

ooej^èl oonoentratiohB «  íi»  *» ! « 3 /Í *  tw perature« o£ W°C. suá> ta# 

concentrations are Inadequate ta tu re .

i t e  ¿cod a ta d e ^ w t taá  | Í | | p f ®
dissolved cègrçtata' «¿ÉttaèÂJtafcio»i 'MmmÀÀ bie r*it' m®'1 witfa ta p a » *

ta te r  v elocities ta t  t a s t a t a  100 <*tar. «  apparent water velocity 

ta  ta» , then ta  irtrag rav ei díétalveá wygen ocnoenteaüon a t o r near 

a ir  satu ration  is  nksssary  Éta ta r ta !  dsveiopw nt.

At parr, « o it  tad O M t Ìt# ta #  tanta! i»«*® tivity 
solved ooçgta ocitaitasaM tai' éÎ̂  ¿ ä| / !  ta^ taten. itadnta d íita itad  

aggsn ta ta s  S t a t a i  d itta ta  è Äd 6 teA  ft» :short tariods. ta r  

those portions 6t m  a m  mád ta ita  taoitadm , su sta iita  a itad v ta  

«*<ta çc ta ta tritiô ta  ta ta k  ta ta d ta  SiraA . tóssoivea «ygeh d ta  

centrations below S «SA tautd f tó à ta  â fatale te  tagratteg ia te ta .

ta te r  ta ç e te te re s  aré ta b te i ìy te te r t ta t  to  the |« ta o t i ta  

te a l« *  Afctaittó S a ta n . * * * * * * *  # e a tly  áffeote «nettatale« tad 

generally â  l i f t  ÜeO ÜI t a t * * * *  dotales thè oxygen o ta ta p Ü ta  o í 

àalnonoids. Growta. ta tto « *  tad  h te rá tio ta  o f A ttentic a d a rn  taé 

Ü s ó  largely oontroUed fay éab ita t ta te r  teaçeratures ta i ta  te s t  tildar*» 

<wrT— 1 o g lin g  te ta re  spwnteg fad «omasi ta c ta a tta i «rf eggs t a l l  

occur, t a t  « te#!*»  hesçeratureS in  eteess o f taou t l A  preclude » * “ -

ration of sexual pinducte te  àduite te i le  sp*ntog occurs a t téaçerature-

o f taoub 5.6%  te Ijá te  tarm a! growth and davetapaant of eggs does

- 6 .-n

not proceed a t temperatures above 9% . At l2°fc, a t le ast 50% n o rtality  

of eggs can be expected, and hatching aleviné W ill be weak or cfeformed. 

Subsequent to  batching in  the spring, however, warmer temperatures are 

required for optimum growth of the young iajfoioh. Optimum temperatures 

fo r best food consumption and growth tabs of salmon parr are in  a range 

of about 15% to  19%. The optimum température for post-am olt salmon 

has been recorded as 15% with sa lin itie s  of about I0°/oo. Although 

thermal optima for thé growth of adult A tlantic Salmon are not available, 

nature salmon apparently require much cooler water than juveniles a 

Adult salmon in  Greenland waters have been found feeding and growing a t 

tenpéràturéâ as low as 2%—a temperature known to  in h ib it feeding and 

gib*dh of |>art in  fiverd . Vtiy adult ialinoh seem to  p refer cooler tem­

peratures iâ  not known, but is  probably related  to  |hysio iog ical 

changes th a t Odeur during and a fte r Sm oltificatidri, as «fell as 

acclimation of àdulté tb  cooler sea tenperatunes.

A tlantic Salmon do hot to le ra te  high teaperatures> and excessive 

stress or m artàlity of salmon occurs as temperatures exceed 27% -  

29%. In addition to  dissolved oxygen concentrations, principal among 

thd factors determining thé tolerance of A tlantic Salmon to  thermal 

elevations is  the p rio r acclim ation temperature, towering o r raising 

thé acclimation température causes à corresponding reduction o r eleva­

tion  ih  thé ippet lim it of thermal tolerance . Salmoh th a t are accli­

mated to  low temperatures are particu larly  susceptible to  death from 

thermal elevations. Sudden 10% p  15% temperature rise s w ill cause 

serious adverse e ffec ts . In the laboratory, juvenile A tlantic Salmon



acclimated to  20<fcWeré j  u t t A lé  to  to le ra te  tep era tu ieá  of 

m  acclimation ta ^ rfa to re  6Í 13<*, however, a l4.5<* rise  to  the 

sane temperature of H ¿°C  ^roáubes 50 percent n o rta lity  in  ju s t under 

2)j hours íb r thé latne ágé ¿áliribft*

in  nature Atlantic S i t ó  ^  á continual yeai>iound

* * « * «  o i aoclim atite M ^  ^
salmon r e t u r n i n g  thé ééá te  SpAn. nv* « *  fu lly  acclimate t8  the 

Wáxser fresh w ater, Mtí « ,  M ild  ¿6 M e  susceptible to  death iraS  

B te m p e ra tu re s . M ortality bf M ilt A tlantic S a ltó  f t ó  he*tstía*é 

can be expected M s» tShpefitureS éxceed 1  30°t. ,* ■ I g  J  .

■temperatures do Hót M N »> réáte lé th á l levels to  CSuSé * | s Í t -  

* ie  effec ts r*ctt I Q k -  ^ 0 ^ M í  M igrátiars o f SMbltS « t i l  M ill

«hen water tó p e te to réá  * *  ■ $  H
fivers when tenpetatüreS fatoséd Í^Ó .W r a tu r e s  Aove

reduce ac tiv ity  of M ilt S ilM i W k M  hot conducive to  fish i« *  

A tlantic S a ltó  até  «A jéctód to  ¿rite high iafceratu res, the* W itt '
require Aout 10 day* á€ ted tód  water tsapératures before the? WÍÜ be

active enough to  to * * *  »  |  * * * «  to  ^

le th a l to  A tlántié M M  j P f  » M S F
toe grow* of u tó s irA ié  diteasd OTganisne white áre rapidly tethal

to  salmon A  high b ^ é te te te é , M l steance toe d e v e lo p  of tó S  

toernei totete n t ÉÜK th a t te p iM  t i f t t  thrwrgh And c c ^ -
titio n . t e t e »  temperaturas to r rearing of juveniles and ndgrátite , 

of adult A tlantic S a ltó  should not exceed 20ct .

-8  -
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During fresh water stages, A tlantic Salmon in  Maine áre typ ically  

found in  very so ft waters with a to ta l a lkalin ity ' less than 20 ppm and 

with a  pH ranging from 5-7. In other areas, A tlantic Saínen have been 

found in  alkaline waters With a pH above 8. Meet productive 

of fish  are found in  Waters where toé pit ranges from ¿.5 to  8.5.

Salmonoids áre to le ran t o f re la tiv e ly  hicji carbon dioxide concen­

tra tio n  a t a i l  stages in  development. However, since carbon 

cauieé an increase in  the dissolved ooggen requirements, carbon dioxide 
concentrations should hot exceed 25 ng/1.

Bireshold o r incip ien t le th a l oonoentratlcns óif copper and zinc 

to r A tlantic Salmon parr have been recorded as 0.032 mg/1 o f copper and 

M i  ég /i  faf zinc o f a mixture containing h a lf o f these 

to  to f t Water (14 ftg/1 as cacoj) ¿ Avoidance by Adult salmon in  nature 

to  ocfcfmt (nd zinc pollu ticn  below le th a l level« has been 

by fcShadito b io lo g ists, U tilizing  the oonoept o f toxic w rits to  ex­

prés« pollution levels (toxic u n it «* concentration of Srbstanoe actually 

fctod the incip ien t le th a l Concentration) investigators have shown 

tha t adult salmon ¡migrating to  spaming areas may be ocnpletely blocked 

ty  á level of 0.8 tox ic w rit, while sign ifican t avoidance reactions of 

«M en occur a t tó u t  0.35 to  0.43 toxic tirite  o f CU» +

áupportiny runs of A tlan tic Salmon, level« o f zinc and copper 

Pollution should be minimized as much as possible and levels not ex- 

ossding 0.25 to  A.30 toxic w rits Should not cause ávóidahoe reactions 

to salmon, providing other Water quality  is  favorable.

-9  -



Information concerning tí»  è f fe *  of toxicants t*cn A tlantic Salmon 

is  lim ited. Based upen available data, the National Tedm ical Advisory 

Oonmittee (4) has recomendad tí»  followings Ocncentraticna of m aterials 

è s t  are nonpersistent thàlf l if e  òf less than 96 hours) o r have nen- 

duriilative e ffec ts a fte r mUdhg «1th receiving waters should not exceed 

1/10 of the 96-hòùr Bili Váíüfe à i 0 $  tíme or piace. The 24-hour average 

of the concentration ò f sudi éutófebcéi should hot exceed 1/20 of the 

Tim value a fte r mixing. Sot òfcher toxicants, concentrations should hot 

— 3d 1/20 of the 96-hour fíat valile a t any time ò r place and thè 24-hour 

average of thè cdioentraticná of these m aterials should not exceed 1/100 

of the 96-hour ìlih .

o f adversé ékiStihg wafer q u ality , the Tim value of heavy 

n è ta ls , pesticides Slid cthèr tdXibèhta ban be considerably Irwet than 

the estim ated o r ahticLpètéd Òbbfaentratich. Stream temperatures atxnm 

2o9c and dissolved eftygen dohdéhtrátichá below 4 or 5 tng/1 gtdSbi? in ­

crease tí»  su scep tib ility  ò f Sálmott to  Induetrlal and àgrldUltuM i tcod- 

cants. Por till#  teòsofo tìd itih g  guidelines en safe levels òf toodcantà 

insy be inadequate ift ÈdM èéàèò*

Table 4 in  th fe p feer, Mfefe t  Water  Quality, C riteria  (41)

and the Report of tí»  Camiittéè cn Water Q u g li^  S ib e ria  (4) contain 

some good information cn TÜ» values and the recommendations cn date*- 

mining safe levels ihay be feplcyed to  determine ten tative guidelines 

for A tlantic salmon u n til fu rther researdi Is  undertaken.

- 10 -

III*  DISSOLVED QXYGEft feQUÍBEMPIIS

introduction

bissoived oxygen requiteroents of A tlantic Saínen vary with the 

d iffe ren t stages of th è it l if e  cycle. biSsolVëd oxygen concentra- 

tien s during «bryctiid stages shoüld be néair saturation . Siinilarly 

h jy i concentrations o f àxygeti áre neœ ssary à t thé pàrz and adult 

Étages during periods ô t íiigfe activàtioh , suefi as swlnming against 

burrëntÉ^ and loraglh# Éot food. M t o t  oxygen such

ás Í  o r 4 myt/í aré inadéquats sinœ  they causé serions réduction in  

the ác tív ity  ànd gresrth tâ te  of sáísche

Wâtèr Veiocity and tenperaturè áíso influencé the dissolved 

oSygan tequirements fo t salmón, fauffeg thé enfcrychic otage, a  high 

arfáuieht « éter Velocity* is  neœ ssary tb  càrry thé oxygen stçply to  

thé deveioping esbryoé which l ié  in  thé in te rs tio é i o f gravel bédé 

(redis) à t  en average depth o f téh ihcheë. I f  the apparent water 

fe lo c itÿ  i i  in su ffic ien t, few deveioping émbryoe w ili reœ ive 

ceygSh fa r normal fcetabblism. TempefetUre g reâtly  affec ts thé oxygen 

feqiiifement during every stage o f thé fia h 'a  íife ¿  Oxygen danand can 

n i increased b r decteased by oorrespondihg changes lit water tarpera- 

td fes. OeneÉallÿ, an lncreaeé là  Water température « i l l  ta ise  the 

«fahnt o f càygeh th a t la  neœ ssary tb  U aintéln propet metaboliàm and 

acü v ity  of sali«» .

2 “  5 P “ !iÌ wafcer velocity  is  ah estim ate o f ti»  feue velocity of 
the spèwhing bed (redd) end is  Calculated 

^ d iv id in g  voline diecharge per u n it Urne by the cross-secticnal



Laboratory studies q x h  developing A tlantic Salmon eggs danonr* 

s tta te  th a t oxygen demand increases greatly  with age. tf iile  working 

with A tlantic Salmon enbryoi At Constant temperature, Hayes (1*2) 

found th a t xespirAtocy ¿a te i were lowest ju s t a fte r fe rtiliz a tio n  

and highest jurt; pfcibr to  hatching. Other experimenters, working 

with P acific Salmon etai>ryo6> Also found th a t increased development 

is  d irectly , rela ted  td  An ihcxeAsi. M Oxygen demand (3). Thus* for 

'salmon enbryoe, thefts i l  A dciitihiM . increase in  ooygeh demand th a t 

culminated hear hatching. V ; v : t  ^  ' [
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•ri» National fochnical Advisory Oartnlttee (4) reoanmends an

mlniaun dissolved cftygen concentration of 7 mg/1 in  spawning 

ir« » , of saìnìon and tre n ti « i l i  reocanenaaticn is  quite consistent 

with the data presented iti figure i» lince eibrycnic development of 

A tlantic Salmón occurs ih  « à te i teftperature up to  about 9°C.

I t  is  important to  re a lise  th a t hear saturated ocnoentrationS of 

dissolved oxygen ih  thé Water d irec tly  above the strema bed may be 

to  sustain 1 h g /i of dissolved Ctygen w ithin the redds.

factors Such Ü  pèriLphytic Vegetation, slime growth, S Íltá - 

tio n , Snd thé in w é té tá tl ptìpuiàliah Sny have an «çygen demand th a t 

could seriously d ep isti the Ci^gèh SUpfly à i the percolating water 

U fo* . i t  reaches the ih& bàtihg tggs; Oxygen depletion is  especially 

high in  polluted i te s i  th i t  «sihtâiü large nvnbers o f iw m rtebrétós and 

csygen doranding benthic d e p c ilti.

Salmon eggs fau tied  t d t h i h  th è  tê d d a  á r e  e n t i r e l y  d ependen t ip o n

the sdb-surface Movemeht à i Ü tifc to  fatfelV them with the enygtti 

necessary foie id rv ival ¿id  SfoWth. High apparent water halocltié* 

áre necessary to  ca tty  t i #  iÉ ühiA ié in s té  products in  S ddittó i to  

delivering coygSn tb  Sàlmonoid ènfcryos. ta»  apparent water velocities 

nay re su lt in  â faufid-Up o f Waste m aterials causing à le th a l micro- 

environnent. tó d sè tt (è) demonstrated th a t even S ir-saturated  Water 

vertid not sustain  cnfcrychic lif e  i f  P acific Salmon i f  the appâtent 

water velocity werè below .05 cat/hr. Peters* (7) experiments (Table j  

w ith raiifccw tro u t eofaryoè Srppott W icketfs conclusi»  th a t nortélity

-1 4 -

TABLE I. Trout egg mortality compared with intro gravel oxygen concentrations
and intragrovel apparent velocitils dt winter incubation températures 
Taken from Peter« (7).

Station
Number Mortality, %

Oxygen Concentration, PPM Apparent velocity, 
cm/hr

Average Rangé Average Range
1 S 7.8 7.4 to 8.1 82 75 to 90
ti 39 7.6 7.3lo 6.1 61 55 to 85
III 90 7.6 7; Mo 8.1 43 15 to 85
iv too 7.3 . 6.4 to 6.1 21 5 to 90
V ioo ’ . f. l 6.4 to 7.é 23 10 to 85

FIGURE 2. Monthly avirdge sediment concentrations from five sampling 
stations id Bluewater Creek from November, 1961 through 
January 1962. Taken from Petèrs (7 ) .

- Ì5 -



Oi Sàimonbid enbiÿoé IS affected bÿ the iÿparent water velocity since 

rairixw  tro u t eggs, iik è  salmon, inctfcate in  redds. Ccble's (8) ex- 

periments have also demonstrated th a t m ortality rates of salmonoid 

aifcryos are increased with low appâtent Water v elo cities.

Changes in  stream bottom composition from s ilta tio n  can re s tr ic t 

thé té té  o f Water throt#» the redds. I f  the strew» bed

IS heavily s ilte d , thé apparent WStér velocity is  so d rastica lly  re­

duced th a t even aii-éatu ra téd  Water Would hot produce successful 

hatching o f talmonoids, lab ié  1 i  üMthé e ffec t of apparent water 

velocity upon m ortality o f fclirf*» tfc lit é*js placed seven inched 

deep w ithin gravel tédds â t ÜltÜwablir fctèek, Montané during w ihtër 

conditions. The oonoenttàtiOhi b ! dissolved raygen w ithin thé iedds 

(thé intragravel dissolved cxSidéhtrations) during thé experi­

ment were continually à k të  6 ÉijAi based on data from Tablé 1 and 

Figure 2, à decréésé lit «ppdréht tà te t  tiêlocity à t èach S tation i»  

associated w ith à  catteSpotidlig ihcrèasè in  sedimentation and tro u t 

m ortaU ty. Àt S tatioh  i l l  (« b lé  1) then the average apparent vfeloc- 

ity  is  41 eis/ht, à  §6 petochl Éofctidity Occurs, th is  velocity Ü  ih- 

su ffic ien t to  «eét t té  demands Of thé developing tro u t ahryos

Àt S tation 1, theré sediinenthtich iS ininimal (figure 2) and vhère the 

average apparent velocity  iS  §1 ett/hr (Table 1 ), the m ortality is  

estimated to  bé only five percent, therefo re, high sedimentation of 

thé Spawning beds reduces thé apparent w ater velocity  and decreases 

the supply o f oxygen tb  the developing enbryoe which resu lts in  

increased m ortality , low apparent water v elo cities could also cause

covering of the eggs by suspended sediment resulting  ih  oxygen 

deficiency. ■

Based on the observations of Wickett (6) and Peters (7), assort­

ing su ffic ien t ihtragravel dissolved oxygen concentrations (see 

Figure i ) ,  apparent water velocities greater than 100 cnv/hr may 

re su lt ill the successful hatching of healthy salmonoid sac-fry .

Laboratory experiments bh salmonoid embtyori have demonstrated 

th a t the usual re su lt o f oxygen deficiency during embryonic stages 

is  a sig n ifican t teductioh of successfully hatching sac-fry . In 

flowing Water experiments With coho Salmon embryos* Warren p f  

demonstrated th a t dissolved oxygen concentrations evert as high as 

5 rog/i a t a water temperature of i2*5°C did not produce satisfacto ry  

hatching.: Garside (lO) reported th a t extended exposure of lake trou t 

embryos to  an average oxygen concentration bf ing/i a t ■£ water 

temperature Of l0°C resulted  in  high o r to ta l embryo m ortality.

Alder ice (3) recorded th a t seven-day exposure of chum salmon embryos 

a t various developmental stages a t a constant temperature of 10°C 

and dissolved oxygen concentrations less that! 2 mg/1 resulted  in  

ihree prominent responses! retarded embryonic development, deformed 

sac-fry, rind m ortality« lhe apparent water Velocity for these expel?- 

iments was 82 cmt/hr. lhe median le th a l dissolved oxygen Concentration 

was estimated to  be 1*2 mg/L at hatching, s ilv e t (11) noted th a t a ll 

the embryos o f chiin salmon and steelhead tto u t died a fte r exposure 

to a temperature of ll®b in  flowing water a t a dissolved coygen

-  17 -



concentration of 1.6 mg/1. | in  another experiment. S ilver raised the 

dissolved oxygen concentration to  2.15 ing/1 and obtained a successful 

hatching of sac-fry . However; the sac-fry tha t hatched were excep­

tionally  weak and small* Siich individuals would not be strong enouc î 

to survive emergence iron the overlying gravel in  nature. Thus, low 

concentrations o í dissolved oxygen during embryonic development for 

salmohoid species re s is t in  iétaráéd development, hatching of weak 

and small sac-fry , malfoimity* and m ortality .

Oxygen Requirements During duMehllë and Adult Stages

The concentration of dissolved oxygen th a t is  required by free- 

Swiirndng salmon i l  largely dépendent ipcn water tenberathre and 

ac tiv ity  of thè findi. Kctiifiè fealmonoids constine firm  three to  fiv i 

times thé ambuht of oxygen êë te stin g  fish , while à temperature in­

crease of 10°C generally doubled oxygen oonsuipticn.

Fry (lia ) demonstrated the relationship  of oxygen uptake and tem­

perature fo r three species b f yéatling tro u t, genus Salmo, in  both 

active and te stin g  Conditions (see Figure 1) Thè congeli consumption 

fo r e ith e r Salme qalrdheti ¡È Salmo kamlocps ranged àpprobdmatèly iron 

6Ò cq/kg/hr à t  ÌÒ^C tb  146 cq/kg/hr à i 2Ò°C vhen restin g . Fot the 

'same fish  during jpefciods or Ìc tÌv Ì t|i/ the oxygen oohstsptixxi ranged

from 235 cq/kg/hr à t  ilfîc  tó  áfcoíit ÌÌÒ oc/fcg/hr a t 20°C* then £ry 

tested  tfié oxygen oonsuiptich ta t i  loi: Salmo fa rio , he found th a t a t 

Ì0°C and 2Ó°C fo t resting  fish  the oonsuipticn was 60 cc/kg/hr and 

135 cc/kg/hr respectively . Èie active resp iratory  ra te  a t 10°C and

- 11- -
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20°C was about 200 cq/kg/hr and 350 cc/kg /h rrespectively . Several 

o tte r experimenters have àlsò  demonstrated th a t the oxygen required 

by is  affected  fay temperature and ac tiv ity  (12» 13»

15; 16).

t t e  ac tiv ity  o f te lson  can be seriously lim ited in  oxygen 

t e e ; conditions, 'tifale 2 #iveS the dissolved eoygen conoentra- 

ticn s below which the f e t iv l^  o f i t t i c i  f | |  ittdU dirij ce rta in  

Mttnonoids, begins to  d e d ite . id  fae successful in  a  natural envi- j 

ttta e n t, salsesi to s t faè to p * !*  o f te sto tln g  high curren ts, bscefaing 

from predators, tod fcragihg to t toed. Such a c tiv itie s  necessitato 

a  h i#  oxygen ooteu«t>tiéti th a t ¿¡fa ^  **i«toiiied only by hM> ooft- | | |  

rpnt"»»«™* of to b ito t dtoaòivèd axygem low concentration* of 

dissolved coygeh^tetiteily  fatotidfat te tiv ity  ^faito **y be meashied |  

by ltfcocaboiy ex^erim tetii |

ta v ii (17) toraonstrated that todueikii of dissolved <*yg«i causés 

a  serked reductictt in  thè m M * *  fa*ed°f juvenile coho and cfaii^k

« t t« , .  Oxygen W ****** °* ¡3 ||..**.*'
and 3 rtgA reduced tfa» tek isite  »totained swismfang speeds o f jto e iìiiè

o tto  p  ^  30 P**3“ * * e8pectivcly‘ ^
corresponding percentage reductions o f the swiimdng speed o f chinodc 

sa la te  were som àhat g te à te t ahd averaged IO, l4> 20, 27; and 33 per­

cent respectively, ih to , ac tiv ity  as measured fay swisndng perfottenoe 

to  considerably re s tric te d  I t  là* dissolved oxygen concentrations.

TABLE i

tOtWail OONCENTRATIOiS BELOW WHICH ÌHE ic r tV O T  

CP OHE P i a i  NAMED BEGINS ID  BE teSTRICTED 

*aken freni Jon es ®

**** ^  T a p . oc

Goldfish «••••• M ...t 2,5 p.j&Jft* 20

Goldeye •¿eeeeis.àià §.0 p.p.m. io

************ il.O  p.p.m. X5

*etd l i.ee .é i* * * ^  7.Ò p.p.tn. 20

^éd d ed  b o u t aedi*. 1 6- 7.p.p.m. 5
'fat ' fa ” V ‘ ' ' I- A ■ ‘ ^

« t 4*è6** , 6-7 p.p.É  , 10

*\ •' ; 9*0 p.p.ift : . 20

tóottt (1 y tJd iU  abfc. 2/3 saturatici* 9 .5-18

* (2 y t) ess* • àbfc. 3/4 Saturation 9e5-l8



Experiments by Davison (18) with juvenile coho salmon show th a t 

growth rate  and conversion of food to  tody tissues are sign ifican tly  

reduced a t low levels of dissolved oxyAfter five te s ts  a t cocygen 

concentrations of 4, 5, 6 and 8 mg/1 in  20°C w ater, the mean weight 

gains a fte r approximately twenty-foUr days were recorded as 56, 68,

85 and 92 percent respectively, the increase in  weight of each fish  

per gram of food consoned averaged i68, 188, 216, and 220 mgrre, respec­

tiv e ly , Warren (9) obtained resu lts  Similar to  Davison's and also 

reported th a t high oxygen toncehtatiohS  produce the best growth ta te s  

and efficiency in  conversion of food to  body Weight. *he experiments 

of Davison (18) and Davis (It) ihdlcate th a t sign ifican t reduction iA 

swindling speed and in  growth to te  o f salmon occurs as dissolved cocygen 

concentrations are reduced beldW 6 mg/1.

The dissolved oxygen concentration S t vhich the ac tiv ity  6 t ftee- 

swimning salmon is  cd tp letely  tte ttic tfed  and Is  only capable of ex ist- 

ence Is  referred  to  dS tbh liin ltlhg  lev el, beloW vhixdi m ortality  Will 

occur. Limiting o r  Survival boHdehttatiohS bf oxygen have been de- 

experimentally fe t Sdte ftee-Swinadhg salmonoidS a t tertous 

tenperatures (table the limiting oxygen concentration for A tlantic 

salmon fingerlings is  1.51 fcg/1 4 t l§bC and 2.85 mg/1 te  25°C. 

yearling A tlantib salrtoit, limiting dissolved oxygen concentrations ate 

1.89 mg/i and 2.78 m g/1&  1*6C ted is°C , respectively. the

lim iting oxygen conoenttotidhS S t tt°C  ¿nd 20°C are 2.15 mg/1 and 2. 0 

ing/1, respectively. AlttoUgh theSe data donenstrate t*t>eratore

TABLE 3
UMEIING OR SURVIVAL (XWCENTRATICNS OF OXYGEN 

FOR
SALMON AT VARIOUS TEMPERATURES

Species
Dissolved 

Oxygen mg/1 Tenperature-0C Stain Reference

A tlantic Salmon 1.51 - ■ 16 Fingerling (19)
N • |  2.$5 25 M (19)
* i 16.0 Yearling (19)
w 2.78 25.6 * (19)
m - 2.15 10 Farr (5)
W 2.80 20 N (5)

Scxkeye Salmon 2.4 21 Adult (20)
Chlnbcfe Salmon 2«l**ls7 21-23 ; « (20)
Pixk Salmon 1M i7 ■ N (19)

: W . 3.36 25 | M (19)
Ooho (Silver) Salmon 1.2-1.24 12.1-12.7 tr y (20)

M ; i . 5- 1.8 16 N (18)
M 1.65 20 M (18)
m i.80 22 ; If ,';- (18)
m 2.13» 23.5 « : (18)

"i *n * *  ^teadved oxygen which ranged from 
2.2 mg/1 ; only 97 percent survival recorded in  th is range.

-  23 -



effects on lim iting  oxygen cefec^traticos, other variables surf, as 

gxowth, swinmtog, and noxnal overall ac tiv ity  as they a^aly to  the 

natural en v irc « * it a re  excluded. in  nature, oxygen concentrations 

adequate to  m aintain prcductiw» levels of grwrtb and ac tiv ity  are 

considerably h l^ e r  than Beair l i t t a l  oxygen ooncm tratlons as deter­

mined by laboratory analyses, fo is  factor is  sig n ifican t in  evaluat­

ing toe data presented in  Tabid 3. riectonended mtoisu« dissolved 

oxygen requirements fo r salmon in d natural aw lroroent should be 

2-1.5 mg/1 toove th i drfk*W±afcioh8 Indicated.

Dissolved cocygen ocK m ntrtticna to ld» are necessary for salmonoid 

fish  to  m aintain h e a lth  pcpbliticnS are high, p articu larly  near ipbm- 
ing areas. B ills  (11) dtobhStbited t*  fie ld  observation font Streams 

Odd» produce a good fish  tbpslatio li do not have dissolved oxygen con­

centrations below 5 mg/1. Carswell (22) noted th a t tr to t  and salmto 

are not usually found In dSberS tofere minim«, dissolved oxygen O'***1* 
tra tio n s are le ss than 4-1 » 9 / 1 .»«ey  (23) recorded th a t A tlantic 

Salmon of toe ttaloh fttwer in Maine inaigtain good populations toieh te te r  

tenperatures are below ii.l* C  tod then dissolved oxygon ancentrations 

are 5 mg/1 and above, to e  Katie*»! Technical Advisory Oorirfttoe < > 

tecamends th a t for good 9rd»to and general w ell-being o f tro u t and 

aalsch, dissolved oxygen concentrations should hot be below 

1» extreme cases may r» g e  between4 Snd 5 mg/1 fo r short periods pro­

v e d  to a t other water quality  is  favorable, toe Ocnmittee also '  

cates th a t to  strSsml which Serve as migratory routes only, disso

oxygen ooncentraUons nay be as low as 5 ig /1  fob periods qp to  s i*  

h6iirs# but should never be below 4 mg/1 a t aw? time or place, i t  

is  important to  rea lize  th a t sustained concentrations of oxygen 

|  belcW 5 mg/1 trould be inadequate for A tlantic Salmon and could

jj cause k  block to  idgration .



IV. m m sm JBE  RBQÜIHEMEfflS

Introduction

A tlantic Salmon cannot to ié rà te  very hi^h temperature elevations. 

Far exemple# temperatures o t 27° to  26°C cause 50 percent m ortaiitÿ 

of A tlantic Salmon ÜngetÜnOs in  Under five hours. Thermal require­

ments are especially exacting à t early  embryonic and la rv a l stages 

during which time tissu e and cccgànâ are not yet lu lly  developed. With 

an increase in  age# however# A tlantic Salmon are capable of toieràtiiiç) 

higher tenperatures (24) • Thermal tolerance refers to  à temperature 

zone in  which existence is  i»BàÜ>ïé fa r èxtenâed periods and in  ih icti 

death is  not due solely to  l èm̂ étatirbe changed. The upper lim it 6 t 

the thermal to le ran t Sont is  defined hy an incip ien t le th a l tempéra­

tu re , beyond which m ortality occurs (25* 26).

Thermal tolerance of i l É  i i  p articu larly  affected fcy acclimating 

temperature# which is  th a t temperature to  i t i d i  fish  are physiologi­

cally  adjusted. In nature# Itciim atiofl is  a continual year round 

process. For every é o c iin itli) | temperature, there is  à corresponding 

le th a l temperature defined as th à t temperature S t which 50 percent o t 

à  population w ill d ië |ÉÜr| ¿6). A ris e  iti acclim ating temperSturè 

v il!  produce S corresponding élévation iti thé lé th a l temperatitré tx itil 

à  point is  reached S t which thé SodimSting temperature reaches thé 

lé th a l t emperatu re . This point i l  termed the ultim ate ipper le th a l 

température (16; 26) •

Within the thermal to le ran t rone, there is  a preferred temperature 

vMd, is  physiologically suited to  the sa ls« , and M ch  provides desir-

1 1  preferred temperature is  affected ty  the
acclimation temperature and an increase in  acclimation temperature w ill 

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

to p e rà tu re  also  governs metabolism and thus affects oxygen con­

a t i o n  and growth ra te s , T ^ t u r e  controls ac tiv ity  and m^ement 

to  salmon populations. tonperature can also favor the growth and re- 

prcduction of undesirable species which grow a t the expense of the 
salmon pcpuiation.

ÎE Ü feâ tig i jtegulranents faurlng tofctyoftlé Stages

» o p tin g  temperatures o t i>.S°c to  ?.2°Capparently to  not 

a iie c t to r ta iit*  to  A tlantic Salmto tobryos (29, 30). to  a ir-sa tu ra - 

tio h , flowing water, continued te n u r e  o f A tlantic Silmto eggs and 

sac-fry to  the hatchery to  temperatures a t o r near 10°C Caused exces­

sive m ortality (29). Markus (31) found th a t Sn in c i t in g  temperature

°£ l2 *2°C 3 $  <Üi>8aturtlted * *  flc w to g ^ té r caused approximately 50 
Percent m ortality *f. 4§0,000 hatchery-realed A tlantic admen eggs.

Most of thé hatching sac-fry were e ith e r defamed o r very weak, to

“o s t cases, hatching o f A tlantic Salmon eggs W ill be Unproductive when 
tnctoatioh tap era to re s exceed 9°C.

Range o f thermal tolerance increases With âgé fo r A tlantic Salmon. 

Rishal (32> demonstrated th a t 50 percent n a ta li ty  o f Atlantic Salmon



a lav i»  (sao-fzy) reared ìh  well-oicifgonated water a t 5° to  6%

in  six  hours. At a  te s i teopètefcute o i 20% ite i te  te  te tìia l fo t eggs, 

.la ^ n a  dld riob d ia , fate «tei» teé te  àny ¿Igne o f d isfare» .

tesce tatu rè B èaulteienti touring jjw tejig . ted  Atelt StegM
Mazkus (31) foute th a t thè best gtórth te tte  te r hafahery reated 

A tten te Salate oocurteà te  à te iiteà tu te  tenglng Érte lS.è%  tó

^ U n te ite  aÉtecta é l  ¿teterted teapèratere, »eversi *****
toalcàbèà fin a l terperafcute préfetendte « d sès wblch fteh  eventteily  

- iiite . in  è tanparateré gradiate tegdrdteaa of p ria : aoclim àtidì ( i t i  ài) . 

Javaid (34) working « itti | §  tò  Ì 6  te . tederyearling A tlantic Sàiatn 
in  v a ria »  txnperafute g ra d ite ti, ftend t tó t  te  an aocliinatlte ta rla te - 

tute of 15% «>d 20% thè jtt/Éiite lite  ih itia ily  selàcfced taapatetuteà 

te  15.7% ànd 18.2% tesp èc tite iy , fate Kàd à fin a l preferendoti of 17%. 

i t  i i  ateo in tereating  tò  fate» tilà t «hen Etecn (34) atejectod »alate 

parr to  an e to c tric à i StimUliif * ( te  # » teeS t iseepónae ooaacred ab a ,

te  15%. O ptiate (tepateturaé fa r nannal grtett» te  jd ten ilé  

iO ttO daSalnon l i s  la  A tertgè te  èbete Ì5% to  Ì9% .

ftdult À tlite ic  SaiiÉÉi «É lite té  fetei èp tiiite  tÉ lte te te e è  Stea- 

teàb  tener thàn thcèè Ìoé jwKÉiÌIÉ* Éfarguacfa (27) tepeaÀad tìia t 

j& jo d ùàsa lu te , Salab Séte): Scfcjgb (««àci agé ttenown) «era f tte à  

liv ing ili an ite à  «bète thè ttep étetu ré tenged É rte Ù .5%  to  

Sateders and «w dérste (47) ili I  léfedtetary expèriment fomd th a i a 

teaperature a r a te  15% ami à  sa lin ity  near thè iaceaotic lavai

- » 4

(ca. M°/oo) gave b e tte r food ccnsuiptite and growth in  p oet-and t 

salmon than temperatures o f 10% o r 18% or sa lin itie s  M ^ r  o r 
lcMer than isoem oticity.

Saunders also  pointed out an cbservatioii o f Elsoh who noted th a t 

6 9 P  p a ir lii the P o lle tt River ih  New Brunswick had stopped growing 

as shewn by th e ir scales iben water tenpera tures f e ll below A°C, 

salmon taken in  Greenland waters a t 2° -  49c were s t i l l  active and 

hed ribt y et formed w inter bands on their scales* Apparently adult 

salmon ire  capable o i growth a t tenperatures fa r below fehat is  oon~ 

sidered Optiniinn fo r pari; in  fresh water# ihd obviously are physio^ 

logically  Suited to  ftixh bolder waters then are pre-sm elt salmon.

Excessively high tenperatures cause s tre ss  in  young salmon 

aid ih  tinb  re su lt in  m ortality . Elsoti* indicates th a t as tenpera- 

tures rise  iitxh above 2 7 ^  0* 2 8 ^ , salmon parr may desert th e ir 

bsuai hetnei and d r if t  downstream; In doing so they may accum late 

lit cooler Areas associated with inflowing springs and brooks.

Wgute 4 records the amount o f thns Involved for a  50 percent m ortality 

o t fingerling A tlan tic Salmon acclimated to  vatious tenperatures to  

« x te . The short hefciatetai linen in  rtg u te 4 indictee fob incip ient 

Itehal barperetute which denotes the faomiaiy Of th* tone o f tolerance 

(12a; l2b); At dn acclimation temperature o f 20%, 50 percent Brutal­

ity  of the A tlan tic Salmon occurred w ithin six  hours a t 28% end w ithin

* f e t e  S m n lito S  *****'** “ ii» :«  * * * * •
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one hour a t 29 .6 * . At an acdim aticn tesperature of 13* , ¿0 percent 

* °* aU ty  o f the salmon flngerllngs occurred w ithin six  hours a t 26.7*  

and w ithin one hour a t 28 .3 * . These data indicate th a t no rta lity  of 

A tlantic Salmon occurs a t 27-28* in  ju s t a few hours, the exact tine 

to  m ortality varying with the acclim atio, tenperature.

T8"PeratUre 18 ** ixportmtfactor in  the migration Of satem . 
tfeister* of thè A tlantic Salmon Sea Run OoMnission indicated that 

tenperatures dxme 10*  w ill h a lt the migration o f A tlantic Saison 

a«oits while tenperatures of 12*  w ill p red a le  saturation  of sexual 

products in  adults. At 2 3 * . Maine saison w ill not en ter riv e rs, 

although sane nomment occurs with fish  in  the rivers p rio r to  the 

advent o f the h i*  S p e ra tu re  (M eisterj. M eister and E lsa , both 

agree th a t tenperatures ebove 20*  severely re s tr ic t success to  fish ­

ing for aduit salmon, and necessitate approdnately ten days o f ra - 

wétèr temperatures before the fish  w ill again respond to  angling. 

«PParentiÿ, ac tiv ity  o f migrating adult sa lso , can be severely reduced 
«fc tepenfcüres above 20PCe

g ‘ ; I . . /
* *  8 f  *  * * * * * a t tenperatures o f 20*  to  2 3*  is  in  p art 

« * * * t  o f «anim ation. Aduit A tlantic s a b « , returning from the 

« Id  sea to  fresh water Streene may not remain in  estuary areas long 

T *  * *  ^  1=0 beoci*  ««lim ated th  the warmer brèdcish and fomsh 
Su* salmon would be v u ln era le  to  h i*  thaom l elevations. 

à * t  a * l t  s a l* »  returning fooe the sea to

ì w “ ' A"Maine A tlantic sea Run Ccnwlssicn, 
• i^erscnal Oananunicaticn) tW versity  6 f Maine,



s tra n e  end not fiiiiÿ  Scfcllinatéd to  riv e r ta tp ertau rta  died 

a t 29% to  29.5*1; ih  à fee h to ta , while those saimta a ita m i ih  the 

¿iver to  the development e t lé tiw ì temperatures died a t 30.5*1:.

Stream temperatures do hob have to  a tta in  le th a l levels to  cause 

. ^ i r A u  effec ts for sa la ta . Sustained temperatures In a range of 

20*1: to  27*1:, although |»rcbtoly hot d irec tly  le th a l In thanselvei, 

favor the reproduction tad  BUtviVéi Ot to re  thermal to le ran t épècLbà 

th a t replace stamen thrbUÿi tfcmfcétitita and ptedaticn. Temperatures 

above 20% also erihanòà the çjrdwth 6Î bacteria and other disease brgta- 

im * th a t Cta be le th a l to  étaiitìl, Eisch (see noté, Page 29) lhdicâteé 

th a t in  a *  Canadian stream Under Sbüfc during two recent years, - 

ha^tortat epidemics occurred during the Warm, Ito  watef 

ow ner. Pippy and «Sta M  fta h ttd  to t  th a t sustained hie* tempera­

tu res in  à tanga otta to t ¿0% to  28% aptàrently contributed to  

necta lity  o t saimta tta tt b S cté tiâ i diseases» tit addititi» to  tiÉsê 

e ffec ts , tem peratoti ê ito é titaS  eauèë ta  increase iri ooqrtah <***** (see 

Figure 3) whtU a t thè Staé Ih »  ito e t thè tab u *  b t coÿgen diSSolvfed

ï ir i w ater*

îtar good growth a ta  ta g ra tlto  sàlmonoids, the National Technical 

Advisory Committee (4) raritaendS th a t temperatures should not étoeed 

& mexihutt o f 20%, This ttoperàture m odi» is  co n sisten t w ith tHi 

information gathered tpeh Â tÎâitiô  Salmon.

.**•••• "t"i""h™ .................. ............................ ....1... ""f i

V* OTHER fACTORS

&
Thé term pH designates the logarithm (Base 10) of the reciprocal 

of the hydrogen ion concentration. For example, i f  the hydrogen ion 

cxnoentraticn designated H+ -  1(T7 moles per l i t e r ,  then the pH would 

equal 7. The National Technical Advisory Ocmnittee (4) indicates th a t 

ih.a-pH range above é# acids which d issociate to  á high degree do not 

appear to  be toxic to  fresh-w ater fish ; below a pH of 9, alkalies th a t 

dissociate to  a large degree áre also not considered hazardous to  fish .

Ih the same pH range from 6-9, however/ weakly dissociated acids and 

alkalies* i f  present iri su ffic ien t quantity , áre toxic and can be 

le th a l to  £reéh-wate¿: fish  (36). Such éthstances, however, do not 

obdiir. naturally  iri le th a l concentrations and are associated with Indus- 

t l i i i  Waste effluents* Thus, even a t néutral o r near neutral pH, 

vétexs may contain acids and bases Wfdch could be toxic to  fish .

ftesh-w ater fish  gttw more rapidly and áre more productive in 

water Which is  slig h tly  alkaline than water Which is  strongly acid ic.

Good well-rounded populations o f fish áre found normally ih  waters 

where the pH ranges from 6*5 to  é.á  (2Í; 37); however in  Maine*

A tlantic Salmon are typ ically  found in  fresh water where the pH ranges 
iron 5-7.

Carbon Dioxide

Saimcnoids are to le ran t of h i^ i concentrations of carbon dioxide.
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ÁldeHce (38) found th a t ¡OH t y  g S  œ la tiV B ly  le 8 Í8 ta n
to high S I  of carbch dioxide Oxter W s s o lv e d  oxygen c o d c ^

tra tich s. He recurded â 50 percent m ortality When the conoentraticn 

«  « toon  dioxide Vas j j M  U|  H  C œ œ nttatiœ s of 40 ng/1 

of carix*. dioxide hOd ilttlfe  è tfè c t «**  * » « * “ öcfio sahnen (16),

However, increases Úthe Ä  ooncentratiœ s cause ai. in­

coase in  the dissolved b ^  * * * * » « " * of sahntnoids (Í6}J8)

39) .  carbon dlcndde oohcéntbátíóhá übt exceeding 25 tng/í aré réccrt- 

tonded by thé uatititái ftó ih iM  m * *  Cdmdttee (4).

cm oenttatiché b j Çgfeef jhd Mnc ; ¡

* * i »»
S  M »  . t  11 » *  ¿ f f p  *  i f v  0 » t « *

tedíta* v * a  i» !« «  *  * * * °1'*
i .  « u * é  W M  í« * » « u *  « * * * ' s u - » - » « - ”“  ">4
^ ^ p S ‘a « " e Á 4 Í i « 6 W  • M i n d u - . i i r t h u ^

. a „ .  ^ i a » í u i u i » i i « á i a . t i i « i t ó ' ^ ^ t t ‘ ^

’ í  .  tm  B itó a  »«i s-™»- ® |  É $ |
t a d i d a  ¿ i  * * « í m  H í r t U a * . «  m * * 10 * °  * ■ '  " d

p o l l u t l d i  fa a *  i i l i l i tÿ  d a H U H * !  l i t  **“  A a t t e a s t  M ir iw a d d  M « t  !*>

4¿ s  lĉ r 
survive for Wilttd if ih iti period of time*

FIGURE 5 . delation between thé hardness of thé water and 
thé threshold conctntrations of zinc.ond copper 
ia lts  for rainbow trout. Td k in  from LI oyd (41 ).



Canada, These observations Mpertinent since th ey  toe* place in  the 

n^.W.1 environment without till t *MlM ta tlen s Inherent i n W m -  
tory conditions. -the authors expressed the pollution

levels of copper and sine to  totos bf "toodo units". The toxic to it 

c ii  be expressed as the tow ientratito c t toe pollutant actually ftto d . 

divided by toe lethal tetetobid obtained frda laboratory
experiments. A toxic S ilt  6f 0.5 « « id  I*  M lf *  strong aS toe tethal 

totostxdd concentration tod 4 toxic to it  of 2 lU d  be twice as strong 

as t i i  lethal ttireshbli ° I - % ;
■ • ■ P ? '% - |  ■ ’l -1iff v;>:■:; | *

During toe f i r s t  ii*  ffUSt 6f Ito & to ito j preceded the mihtog 

pollution, a 14 to  34 dtotottoto tobtot at salion was recorded, to ild  
in  toe tour yeafs ° f toe ocpieic and sine

pollution, a ifli to  224 dutoBfcfoitt tetum  of migrating salmon occurred. 

Avoidance reaction  b t adult A tito tlc Salmon o j u r f  a t toout 0.35 

to 0.43 toxic to its  of Cu* + f f $  A level of 0.« toxic <Mt may 

cahae a to ta l biodc to  aigrette*. of the tolmto totoming downstream 
of po lltitito t abtot l l i  keaSaanded, 7»; were taken by tito tog

l id  62% weto t ° ta l  “ 1“ *‘ ^
ito e  as high as, 154. ̂ Ahbtftof; W a i t in g ,  re s to t,th a t occurred a fto r 

toe sdhtog ¿U tH d to  ¿ d  Seductiai of early

salmon (june-July) to  to i bea to a tatt.

Mito the e x e rtio n  o f a few insecticides, there have been tow 

»search  e ffo rts  to  detetndto the e ffec t o f pesticides on A tlantic 

Salmon. Laboratory resea«* , however, has been performed with other 

salmcnoids. Table 4 records medito toíertooé iim its (Ttm)* o f three 

salmcnoids to  various pesticides. Because the valuto in  Table 4 do 

not indicate maxim*, safó lev els, dohoentiàtioha o f m aterials th a t 

à »  « » p e rsis ten t (half l i f e  o f lesa than 96 hours) o r have ncnoulmu- 

la fiv e  e ffec ts a f te r  mixing with receiving waters should not to rrrd 

l/lO  o f the 96 hour Tim value a t  ary timé o t piade, The 24-hour 

average o f toe concentration o f su it siietances should not exceed 1/20 

o f toé Tim value a f te t mixing, to r  o ther toxicants, concentrations 

toould not exceed 1/20 b f toe 96-hoisr feâ  value â t any time o r place 

tod toe 24-hcnr average o f toe concentration o f these m ateriali 

§jjjf eatoeed ^ ® °  ,°* tbe, 96-hour Tim a fte r  mlxipg. ¿ iis  level was 

to tablished in  196Ì fcy th e  National Technical Advisory CCnrrdttee (4). 

toe to  ex isting  s tre to  conations**, the Suggested s ito  levels o f ta d -  

c to ti may prove to  be inadequate Üseme te à te . '{ N i to r e  completé - 

toview of pesticides and th e ir e ffec ts upto fish .lifc i. the reader may 

te ih  to  re fe r to  iu te e  and tto lte 'a  i te ^ .to t i t le d  W iter h te iu y  r^ K ,w . 

(42) and the Report o f toe Ocmnittee on Water Quality Crl+«»rtm '(4) . .

,(nm! " * *  b tootottetion  Of the tested  m aterial in  experimental water a t  which ju s t 50 percent o f the 
te s t animals are able to  survive for a specified time of exposure

High water temperature or lew dissolved oxygen concentration gen­
erally increase the action o f toxicants. 901
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VÌI# APPENDIX À

L ife  Cycle

A tlan tic Salmon are an anadroncus species which ascend cool freeh- 
w atet riv e rs in  order to  spmm. O w ning growds incline the waters 

« « « d in g  From ju s t «hove tid a l areas te  hem teter reaches, sptonihg 

occurs in  the f a l l , and the eggs hatch in  the la te  w inter o r early  

«p»**. Tbe newly-hatched salmcn Uva in  fresh water too o r t e e  years 

before the* migrate to  the see. Here, thè « te i»  « n a in  fo r a t le a st 

che year before they return  tò  fresh M ate  «tel s p t e i h g  areas. A fte  

w W *  sa te  adult salmon htoediately make th e ir  way bade to  sea 

while Ciher# « m a in  i n  fresh M ate thè whole Winter béfate returning 

the foilcwihg spring. BeCause 6 f the great energy expended d u rin g  the 

th é iü ió g ita i p r e d a tic i*  o f reproductive Or*** #nd a im in g  its e lf , 

è f thé salmch whidi r e tu r n  t o  Séa i f t e  »P-tning are so Weak t e t  
they f â il  éàsy Victims to  ftredatich tod *■»**-—

Thè tifié a t which sálmtü migràbl tò  aptòning gtòtòdi v arie , with 

different stemms, Many t i t e i  hato d istin ct tuns both ih  spring tòd 

f - ü i  while in  others, the m igrati«* t e  lim ited to one p a* t e  occurs 

t e g  è ith è r during the t e t e  or fall*  Regarnîtes o f i t e .  «(graten  

occurs, A tlan tic Salmcn spton in  lâto October or early Hbvtober in  

North America when the water temperatures drop tò  5.6 -  4.4°c (23).

* ”* *  àélm n * * * * *  «* #  b» gravel bete (redds) « d o t e r ,
tb ra  to  average depth o f ten  buhes. shallow, swifb-xunhing water areas



wiih clean coarse gravel bedè th a t contain many stones fran 2 to  8 

indies in  size provide tíie ínbét su itab le spawning areas fo r A tlantic 

Sainch(45). m is type of stream bed produces a stab le environment 

and affords thé buried eggs à constant supply of oxygenated w ater.

Fine òr loose gravel and sànâ is  unsuitable because of i t s  shiftixig 

nature and lew porosità* tìà tér depili o f spâriiing áreas/ varying fran*

6 -  48 indies is  also  important ènà niait bé su ffic ien t to  p ro tect the 

spawning áreas facon ice and freezing (4S) «

The inedbation of the èggè ià s t ì  about 5 ,- ¿ months depending upch 

temperature. The eggs will hatch ih  eâaclÿ spring \dien the temperature^ 

are ju s t beginning to  rise* The newborn Salmon are termed alevins o f 

sao-fry and are so béiíád because tíiéy hatch id th  th e ir yolk-sac S til l  

attached. Onœ the' yolk-sab iS nearly absorbed, the fry  o r uhderyeàb- 

lings make th e ir way but of thê ovéb-lying gravel and begin to  feed ah 

th e ir  awn. * . -;/■

Thè duration of f f t  fresh Water phase òf thè salmon's l if e  cycle 

is  usually not longer than tWÒ ò r three years, and it  is  passed ili thé 

same generad area frota Which thè salmon hatched. Juvenile Salmon* 

termed parr* inhabit r if f le s  ¿nd poblé which contain large protective 

rocks under which they hide when alarmed (45* 461 * The parr are char­

acterized by eleven blade bars o r *parr Marks" ruining v ertica lly  down 

thé sides and lay bright ted  Spots arranged near the la te ra l lin e . Be­

fore mlgrátidii to  thé sea, the parr undergo à process ca lled sn b ltif i-  

caticn . Whén thè patir teach â length òf about five ind ies, die following

At sea, the young salmcn grow rapidly on the abundant food supply 

and Usually gain an average of 4 -  5 pounds a year (27)* Although sane 

salmon return to  fresh w ater a fte r spending only one w inter a t sea, most 

Maine salmon remain two w inters a t sea before returning to  spawn. The 

salmon th a t return to  freshw ater a fte r one w inter ace termed g rilse  

while those th a t return a fte r two w inters are teemed brigh t or naiden 
salmon.

Stfjsequenfc to  a lte rin g  fresh «afar, A tlantic Saínen cease 

and expend great anoints o f energy In the asaension o f riv e rs, and In 

the transform ation o f body m aterial fa r the build-up o f the reproduc­

tiv e  organs, large anoints o f energy a te  also expended during « ^ 1 

apámincfi Without feeding, such activity causes an excess drain upen 

the salmon's reserve energy m eteríais which resu lts in  d 31 to  40 per­

cent loss o f body m ei^ht. Consequently, the salmon are very M « . to

physiological death (45). Bros a fte r spanning, the salncn return to  

sea in  an excessively week condition. Such salmcn are incapable of 

osmoregulation and are easy victim s o f predators and disease. Only 10» 

o r less o f the salmon return  to  spam a second tin e .
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V III*  APPtHXÍX B

STATEMENT OF INTENT

A COOPERATIVE FISHERY RESTORATION PH3GRAM 
BOR THE

CONNECTICUT RIVER BASIN

* e  Stotes o f Ccnnecticut, M assaAusetts, New Itapsh ire aéd venw .t 

as weU as the United S tates Burean of Sport H aberles and W ildlifé and

the lW ted S tates Burean ofO csnercial H sheries agres to  and s^ p o rt a
fisheries progran fo r tbe Connecticut KÍver Basin. U * feU cH *, s t« * .

«ent sbaU  « n s titu te  the o é f ic ú l A ten t o ! the * 0« ™ * ,  S tates and 
fcaoBHÜ Agencies*

-°bjecfaLvei b f|. |^ \

* •  o f to to  t « « «  « .  to  « u to »  tto  to n  potontlal

oí to» a to « , „tototo M tto Mto, tootolto, teto m ato -«  «d 
*» to t»««I a a .to w - to to l- to d .» M,ito

toto u *  * * 1 1 *  * « t  «toto* » t o M U ,  to  .  h i * i ,  m ,

- - í i «  to tototo. to» « ;  1«, to« » m  «  ¿  «rntoUto m  « .
¿bode ^

Anadrquuus F<«h

ÍS S Í2 E * 2*  - Í ¡SS* S i f e ü » - H Í^orioaüy, t »  co««*io« t
River supo rted  Ú ad rw i as fa r w strea»  as Baile** f* li*  «>idi Ü es

0,6 exact magnitude o f the h is to rie  
«*> ls  unknown faut i t  ndght have «pproadied Six ndilion adult fish



a t  the mouth of the River, i t  probably would hot be practiced to  restore 

the run to  I ts  h is to ric a l htiibërs but an evaluation of present spawning 

and nursery areas as fa r hofcth as Bellows F ails indicates th a t a run of 

Up to  two m illion fish  obuld be teâïizëd . The two m illion figure is  

based on the production of 2,6  adult shad produced per 100 square yard 

Unit o f spawning habitat« The ¿«6 figure SssUiies rather low production, 

as production as hic^i as é« à édült Shad pet u n it hàs béeH realized ,

A run of two m illion shad woiild require passage fa c ilitie s  fo i one 

m illion fish  a t tiolyoke* 050*000 a t TUrnexS F a lls , and 750,000 a t Vethon. 

i f  the navigation dam Under consideration by thé Corps of Engineers is  

constructed a t ftartfohd* Connecticut# fa c ilitie s  Would have to  be pro­

vided for a tun Of two m iliitih shad* in  âdditieh to sustaining thé turi, 

thé passage fa c ilitie s  should ptbvidë Itti annual harvest of 100*000 shad 

above Hartford* 50*000 shad abOvé Îlolyckë* 42,500 above Turners fò lli*  

and 37*500 above Véiriûhi ? - J J*M~l ' | |  . ;.r;: V4#

A tlantic Salmcii -  Salmo sa la r -  The magnitude of the o rig inal Salmon ¿ill

in the Connecticut Rivër is  tiikndWh* although thebe ate many h is to ric il

references th a t indicate th a t the ±Uh was sizeable and o rig inally  Went

a s ,fa r as Beecher F alls hbàr thè Canadian Border. U tilizing  à m it àreaU i. . , I
I technique sim ilar to  th é t Uied With Mild Snd evaluating thè feivef à i f i t

as thé Cummerford bain* reveals À po ten tia l ruh of adult Salmon a t th i

Riviet^ mouth of 30*000*  ̂ m

This figure is  based oh thè production of three smolts per u n it àrea

With a survival to  m aturity of five peram t. A te a lis tic  approach to  

natural production of salmon indicates th a t man-made changes in  the 

trib u ta ries prevent the actual attainm ent of a natural tin  o f 38,000 

fish . However, there Is  no reason why the 38,000 figure cannot be 

realized  o r exceeded through a smcdt stocking program.

ihe problem of salmon passage cn the main stem does not require 

lengtiy  discussicn as fa c ilitie s  adequate for the anticipated large 

shad runs w ill readily  pass the mirbet of salmon involved.

Other Ahadro'nocB Species -  Various d h e r sp e c ie  odour in  the River 

th a t w ili benefit from a program designed to  develop shad and 

i i^ e r ie s i ihe only species th a t prcbafciy would use passage fa d U ties  

to  I  large degree is  t k  bluebadc herring, Alosa ae stiv a lis , i f  a Con­

n e r ^  fishery can be S lo p e d  for th is  herring, passage fa d U ties  
would have an additlonai benefit.

Ro d e n t Species -  in  addition to  estafcUshing and maintaining rw s of 

sn a iro to s  fish es, ¿a also  intend to  maintain and erhance various re s i-  

dent species foind throughout the basin*

BajeU ts “ I t  is  always d iffic u lt when dealing with a  resource th a t is  

not en tire ly  ocnmerctal to  estabU sh the value o f said resource, ¡fever- 

the iessi a n a tta ip t has been made although i t  should be teaU sed th a t 

the value, fo r exaiple, o f an ang ler-cau^t A tlantic Salmon from titr 

OowiecticMt River isprofaably fa r beyond afcythihg tha t we could estab lish  
with simple do llars and dents.



Sane data is  available on the value of resident species, but more 

information is  required and overall fishery values fo r the River w ill 

be sifcject of à la te r  reporté

Information indicates thaf the present average annual r e ta il value 

of the ¿had ocxnmerciài fishery is  apprcsdmately $150,000. I f  econcraiGB 

Ini the iniuket perm itted, i t  % £lari th a t th is  annual value oould be 

âo& lëd with the ‘ increased predicted runs.

The present ¿had sport fishery has ah annual value of $150,000, 

based oh 50,000 angler dâyié ^rhdicted bitches based oh à run Of 

2,000,000 fish  indicate à ¿part*s harvest of 160,000 fish  in  Oonnecticuti 

50,000 from Holyoke to  Itanard F alls; 42,500 from Turners F alls to  Vernon 

and 37,500 above Vernon« Based oh tu rré iit fisherman day value of $3.00 

and one fish  per man per daÿ; thé predicted annual additional value 

gained from proper iunlfcjesnehk would ihount to  $537,000.

Â run of 3ë,00à salmon Should produce à catch of $¡,600 fish  baàéd 

on À 25 percent harvest« dcbiidetih# thé extreme pressure th a t hé 

generated by a salmon ruri in th i Connecticut River, th is  figure may be 

ld l; Using the àd riih t figuré 6f $156 JÊÊê per angler caught sa lirai; thé 

annual v iliii Would airtxtit ho $i,l$2,ÔÜÔ. The p o ten tia l aatbined ahhüal 

value fo r new shad litid aàlmûh ¿port ¿iih ériés amounts to  $1*68?#6o6;

Problems and iloodà -  To a tta in  ih i cbjectives th a t have been discussed# 

many problems must be iurmouhted and isiuch work must be done'.

B -  4

water quality  of the River host be maintained and feproved.

are n3w “ * ive In classifying
th e ir waters as to  water quality  and i t  appears th a t the standards to  

be s e t w ill be su itab le for shad and sa tao ,. ihe th rea t of thermal 

pollu tion  is  a very rea l cne.with one nuclear p lan t shortly going in to  

operation in  Cm necticut and another one proposed a t Vernon, v to o n t, 

Ihe Connecticut Yankee Atonic Fewer COspany, as a conditio» of th e ir 

construction perm it, is  presently stpporting a study to  determine the 

5 ® *  ^  heated d isd»rge Watorcnshte.  tfe nted sore W  

te t i te  regarding thermal pollution te ie rtece  ted effec ts on sa in «  and 

t t i s  ‘moiwtek W ill be butlined in  the fesearcb Plan to  be dram  vp

bĵ  the ifetenical Ocmnittee fa t  F isheries taanaganent o f the ikrm ecticut

kivet Basin. Although s to jec t to  future research finding, i t  ippears 

teak %  P ereas« in  the w atte temperature a t Vfenxn could seriously 
binder sihnen ted shad resto ration  lit the upper

Ihe Corps of Engineers is  considering the construction o f a  dan 

a t Hartford f te  navigational purpose, ihe d n  w ill create fish  pa*, 

«age problems and perhaps more im portant, elim inate fishing S ites and 

b * « iite t shad spuming areas. Vte nust oppose the construction o f th is 

d te  because i t  tau ld  be inconsistent w ith the aims o f the fishery res- 
fo ratich  program.

Based on the present fraepentary date av a ilA le te  the te rth fia ld  

PU»p Storage P ro ject, i t  sp e a rs  fea t th is  project poses d efin ite  lim i­

ta tions to  an anadranote fish  resto ration  progran. ifeeSe lim itations
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involve the physical loss of éggá; larvae and young fish  of both anadio- 

nous and resident species# and ili orientation problem ¿or both Upstream 

and dcroisfream migrants attributed to  pumping, large volumes of water. 

Studies designici to  minimizó thè potential adverse effects to  fishery 

resources should be iftdertakeh ih development o í the design for the 

Narthfield Pimp Storage Projèch ih  related studies; fish  screens, 

barriers and deflectors and ficM bec^náh must bé thoroughly investigated.

I f  thè runs outlihed été to  bèocmé á rea lity , there are also major 

problems to  be Solved for thè passage Of both iÿstreàn ahd downstream 

migrants over existin'} dams. Larger tubs may Require modification of 

the Enfield Dam; fac ilities must bë developed by Holyoke, Turners bàiìè 

and Vernon for shad and à fishway for salmon w ill be required a t Béìlbwè 

balls . Hiere ¿re many unsolved problems concerning fish  passage fác il-  

i t ie s  particularly With regard tè  shad* Menbers of thè Technical , 

Committee have made à s ta r t  oh these pboblëms and à full-fledged research 

project Will bè forthcoming ih  thè hfeàt future. Considerable Work most 

be done oh thè varieté tribu taries tè  èvaluàte fish passage need!.

Lack of lew flow augmentation i l  áhbtíier problem, and the itétèhiëèl 

CoDtnittee proposes to  devèic|» these needs and to  Work with tèe Corps of 

Engineers and privéte tictnpaniéá tè  solve tè iè  situation .

A thorough review must be néáé of thè many proposals to  build Multi­

purpose dans in  thè báSÍiif particularly  With regard to theixr effects oh 

the fishery restoration program.

tfien the proposed fisheries become a rea lity , the four States in ­

volved w iü  cooperate to  establish regulations th a t w ill maintain the

fisheries as « e ll as assure tha t each State receives i t s  ju s t share of 
tèè fishery harvest.

» e r e  i s  presently a need for fishermen access s ite s  on the River

H  tl“ needw m  « h  lnc¿oa“  4 «*» P**»*® progresses. Connecticut 
and Massachusetts have already made progress in  providing access and

a i l  o f the States Will develop a  large scale program in  the near future.

Hé endorse and Support the Technicàl Ocnmittee for fisheries 

Mana9anent o£ the 0Dnnecticut Wver Basin as the grot* d é s i g n é  to 
design and implement heeded research program as « e ll as tx> ^velcç  

and reommend s«md fishery management procedures. The Ocnmittee shall 

« » » ia t o f representáldves from the Connecticut board of fisheries and 

Garef the Massachusetts Division of fisheries and Gene, the Massachusetts 

Divisich of Marine fisheries, the Me« Marpshite Pish and Gane Department, 

the Vermont fish  and Gane Department, the Uhited States Sureau of sport 

Fisheries and W ildlife and the United States Bureau o f Crtmerdal 
Fisherie s .,

By* Director, Connecticut Board o f Fisheries aid Gate
Massachusetts Division of Fisheries and Wildlife 

Director, Massachusetts Division of Marine Fisheries 
l e c t o r .  Hew Hanpshire Fish and Game Department

» ' D bpwSbST'
Stat6S Bureau of fisheries 

“ ^ ted  States Bureau of OoRmefciai
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Introduction*

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.2

Two and a half centuries of human population growth and economic 
development devastated New England's Atlantic Salmon population.

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.3

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 tp all New England rivers adds up to 
less than 7,000 fish. Of these, only about 1,000 are not of hatchery 
origin.4

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.3

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

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 Ibid, p. 28.

4 Ibid, p. 9.

5 Ibid, p. 27.



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 a.re important to a 
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 a 
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.^ 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.

ipj This measure of total economic value is grounded in a theory of 
individual preference. Thé 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.
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, . .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

P*e 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 onthe 
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. 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

■Riis 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.



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 1 
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.

Will respondent 
fish for AS?

Mean
WTP

Respondents who 
care about AS 
restoration

Total Willing 
ness-to-pay 
(Millions)

Certainly will $31.93 19.1% $13.6

Might $10.81 35.3% $ 8.5

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 • g 
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.10

m  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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/ / / oExtraP°latin6 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, an(j that all of the 
uncovered households have zero willingness to pay for Atlantic Salmon 
restoration. This implies that 2,227,392 households13 "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 
tish, 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.^

_ 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)

The 1980 Census indicates that 95.4% of New England households 
have telephones. In 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.

i j number« 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 
almon 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.

Will respondent 
fish for AS?

Mean
WTP

Respondents who 
will fish for 

Atlantic Salmon

Total Willing 
ness-to-pay 
(Millions}

Certainly will $31.92 35.1% $13.6

Might $22.55 64.9% $17.7

SUM $31.3

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 l .15 This grand total, at $81.3 million, 
exceeds the estimated costs (see below) of continued restoration with 
adoption of any rate of discounting future expenditures that exceeds 
three percent. ^ 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 xhe 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)

Discount
Rate

Dollar value 
at 12 cents 

per
kilowatt-

hour
(millions of 
1986 dollars)

Dollar value 
at 9 cents 

per
kilowatt-

hour
(millions of 
1986 dollars)

Combined construction, 
operation and maintenance 
costs for fish passage 

facilities on New 
England rivers 
(1986 to 2036)

(millions of 
1986 dollars)

0% $38.4 $28.8
1% $29.5 $22.1
2% $23.1 $17.3
3% $18.5 $13.9
4% $15.0 $11.2
5% $12.4 $ 9.3
6% $10.5 $ 7.9
7% $ 8.9 $ 6.7
8% $ 7.7 $ 5.8
9% $ 6.7 $ 5.0

10% $ 5.9 $ 4.4
15% $ 3,4 $ 2.6

$109.7 
$ 93.5 
$ 81.2 
$ 71.6 
$ 64.0 
$ 57.9 
$ 52.8 
$ 48.6 
$45.1 
$ 42.0 
$39.3 
$ 29.9

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

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. The first 
section asked several questions regarding the familiarity of the 
respondent with Atlantic Salmoft, 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 fishihg 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 (1986Y

CT 25.0%
ME 9.1%
MA 46.2%
NH 7.7%
RI 7.7%
VT 4,2%

23.0%
11.8%
46.5%
9.0%
6.3%
3.5%

18 A 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 2.76 
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 group Percent

Over 70 years 8.1 
66 to 70 years 6.4 
31 to 65 years 67.3 
19 to 30 years 16.9 
18 years or less 1.3

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 â  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 r i v e r s . 2° 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".21

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%

1® 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).

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

21 Less 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, ¡Sfl

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 proxy 
measure for willingness to pay for wildlife preservation in general.

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

22 Statistics from the 1980 National Survey of Fishing, Hunting, and 
Wildlife Associated Récréation 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, noire thsn three*fourths s&id they would be pleesed 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 
valuation^ 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.^5 The values in 
Tables 1 and 2 are preferred only on grounds of developing a conservative 
estimate of benefits.

Calculations 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 cAll 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.
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Table 7. 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 $40.44
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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NEW ENGLAND’S ATLANTIC 
s a lm o n  RIVERS

RIVERS that will STILL contain 
ATLANTIC SALMON IF RESTORATION 
STOPS

5 MACHIAS
6 E. MACHIAS
7 OENNYS -

rivers that will contain AtlanticSALMON ONLY IF RESTORATION 
CONTINUES
8 CONNECTICUT 
9^WCATUCK 
10 MEpRIMACK 

JACO 
T2 ROY/ft 
iT anoroscoggin  
14 KENNEBEC

15 ST. GEORGE
16 PENOBSCOT
17 UNION
IS ST. CROIX
19 MEOUXNEKEAG
20 PRESTILE
21 AROOSTOOK
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I .  FIRST WE WOULD l i k e  t o  g e t  a  s e n s e  o f  how f a m i l i a r  you a r e  v i t h  
ATLANTIC SALMON» By ATLANTIC SALMON we mean o n ly  t h o s e  sa lm on t h a t  sp en d  
p a r t  o f  t h e i r  l i v e s  i n  n o r t h e a s t e r n  r i v e r s  ( s e e  o u r  m ap) and p e r t  o f  t h e i r  
l i v e s  i n  t h e  A t l a n t i c  O cean*

1 . D id  y o u  know b e f o r e  to d a y  t h a t  A t l a n t i c  Salm on c o u ld
b e  fo u n d  i n  som e New E n g la n d  r i v e r s ?  ............... ........................... [ jno [ ]YES

2 . Have y o u  e v e r  s e e n  an y  k in d  o f  l i v e  sa lm o n ? [ ]NO [ ]YES

I f  YES, how d id  you s e e  t h e  f i s h ?  (c h e c k  a n s w e rs  t h a t  a p p ly )  

( ] WHILE FISHING
[ ]V IS IT  TO A SPECIAL OBSERVATION CENTER
[ ] BY CHANCE IN OPEN WATER
[ ] OTHER ( e x p l a i n ;  • • : . '• * . . V )

3 . H ave y ou  e v e r  f i s h e d  f o r  an v  k in d  o f  sa lm on? . . . . . . . .  [ ]N0 [ ] YES

I f  YES, f o r  w h a t k in d  o f  sa lm o n ?  (c h e c k  a n s w e rs  t h a t  a p p ly )

[ ] DON * T KNOW 
[ ] ATLANTIC SALMON
[ ] PACIFIC SALMON (eg  coho  o r  C h inook)
[ ] OTHER ( e x p l a i n :  . , - ~ , ' •, - , . ' - : )

4 . H ave you  e v e r  e a t e n  an y  k in d  o f  sa lm o n  t h a t  you
o r  som eone e l s e  c a u g h t  w h i le  f i s h i n g  f o r  s p o r t ?  ............. .... |  ]N0 [ ] YES

5 . W hich o f  t h e  f o l lo w in g  o u td o o r  r e c r e a t i o n  a c t i v i t i e s  h a v e  you 
p a r t i c i p a t e d  i n  d u r in g  t h e  p a s t  y e a r ?  (c h e c k  a l l  t h a t  a p p ly )

[ ] FRESHWATER FISHING ( o th e r  th a n  f o r  sa lm on)
[ ] SALTWATER FISHING 
[ ] HUNTING
( ] HIKING OR CAMPING
[ ] BOATING OR SWIMMING IN LAKES, RIVERS, o r  OCEA1J

6 . How w o u ld  you  d e s c r i b e  t h e  a r e a  i n  w h ich  you  l i v e ?

[ ] RURAL
[ ] SMALL TOWN o r  VILLAGE 
[ ] SMALL CITY ( l e s s  th a n  5 0 ,0 0 0  p e o p le )  
[ ] LARGE CITY (m ore th a n  5 0 ,0 0 0  p e o p le )  
[ ) SUBURB OF A LARGE CITY
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I I ,  i u  t h i s  SECTION we p r e s e n t  a  l i t t l e  m ore in f o r m a t i o n  a b o u t  A t l a n t i c  
Salm on i n  New E n g la n d 's  r i v e r s .

Many y e a r s  ago  l a r g e  num bers o f  A t l a n t i c  Salm on l i v e d  i n  m o s t o f  New 
E n g la n d 's  r i v e r s .  T h a t  i s  no l o n g e r  t r u e .  As t h e  num ber o f  p e o p le  g rew , 
t h e  num ber o f  sa lm o n  f e l l .  T h e  d e c l i n e  w as c a u s e d  by  o v e r - f i s h i n g ,  w a te r  
p o l l u t i o n ,  and  th e  b u i l d i n g  o f  dams t h a t  b lo c k e d  many r i v e r s .  T oday , 
h y d r o - e l e c t r i c  dam s a r e  t h e  b i g g e s t  b a r r i e r  t o  t h e  r e t u r n  o f  t h e  A t l a n t i c  
S alm on .

T h e re  a r e  now s m a l l  b u t  s e c u r e  n um bers  o f  sa lm o n  in  7 o f  t h e  s h o r t e r  
M aine r i v e r s  ( s e e  m ap, d o t t e d  l i n e s ) .  S t a t e  an d  f e d e r a l  p ro g ra m s  h av e  
a l r e a d y  begun  t o  r e s t o r e  A t l a n t i c  Salm on t o  o t h e r  New E n g la n d  r i v e r  
s y s te m s .  The p ro g ra m s c o u ld  l e a d  t o  s e c u r e  l e v e l s  o f  sa lm o n  m  e a c h  o f  
t h e s e  14 a d d i t i o n a l  r i v e r  s y s te m s  w i t h i n  2 5 -5 0  y e a r s  ( s e e  map, s o l i d
l i n e s )  . o f  c o u r s e ,  i f  t h e  p ro g ra m s  are s t o p p e d , no..s a lmon w i l l  be  fo u n d
in  t h e s e  r i v e r s . The p ro g ra m s w ork  b y :

* r e l e a s i n g  young  sa lm o n  i n t o  t h e  r i v e r s ;
* p r o v id in g  w ay s , su c h  a s  “ f i s h  l a d d e r s " ,  f o r  t h e  sa lm o n  t o

s a f e l y  g e t . p a s t  b a r r i e r s  l i k e  darns; ^  §  ' . . .
* im p ro v in g  t h e  c o n d i t i o n  o f  t h e  r i v e r s  m  w ays t h a t  b e n e f i t

t h e  sa lm o n ; and  ' . . , _ ,
* r e g u l a t i n g  t h e  ty p e  en d  am bunt o f  sa lm o n  f i s h i n g  a l lo w e d .

A ssum ing  t h e  P rog ram  c o n t i n u e s ,  w i t h i n  1 0 -1 5  y e a r s  t h e r e  s h o u ld ^ b e  s e v e r a l  
th o u s a n d s  o f  a d u l t  sa lm o n  r e t u r n i n g  t o  t h e  C o n n e c t ic u t  R iv e r  and  t h e  
M e rrim a ck  R iv e r ,  and  e v e n  m ore t o  t h e  P e n o b s c o t  R i v e r .  F ew er f i s h  w ou ld  
r e t u r n  t o  t h e  o t h e r  11 r i v e r  s y s te m s .

I I I .  NOW WE WOULD l i k e  y ou  t o  a n sw e r  some q u e s t i o n s  a b o u t  how im p o r ta n t  
i t  i s  t o  you  t o  h av e  sa lm o n  i n  New E n g la n d  r i v e r s ,

7 . Do y ou  c a r e ,  o n e  way o r  t h e  o t h e r ,  w h e th e r  t h e r e  a r e  |  | f | | g  | :  ly £ S  
A t l a n t i c  Salm on in  an y  New E n g la n d  r i v e r s . . . . . . . .......................  J I

I f  NO s k ip  a h e a d  t o  The F i n a l  S e c t io n  on  t h e  l a s t  p a g e ,  
i f  YES in  w h ich  o f  t h e  r i v e r s  do  y ou  c a r e  a b o u t  t h e  p r e s e n c e  o f  

' A t l a n t i c  S alm on? (S ee  o u r  m ap, t h e n  c h e c k  one a n sw e r)

f V MOST OR ALL OF THEM
f 1 ONLY THE RIVER WHICH IS  CLOSEST TO MY HOME. —j*----- ------------------- -

I  ONLY THE FOLLOWING RIVERSi ( p l e a s e  l i s t  t h e  r i v e r  nam es)
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™  p f  ' i
11 KgHssffig% SÊ m ’ag S S Jir '[ ] I  HAVE SSHPARAT^ygLY LESS INTEREST IN ATLANTIC SALMON

I  Ä ' . l i f Ä - S S L ^ r S ' to 1’°ut
[ ] I  VERY PROBABLY WILL SEE OR FISH FOR WILD ATLANTIC SALMON

[ 3 r a wWEN e?A m EB f L » E JÜST T0 “ »OW fHAT ATLANTIC SALMON WERE IN 
g££ T H EM ^SE L F IF  1 COOLD NEVER y i SH FOR THEM OR

* 3 i p  TO ME THJVT WE ACT NOW SO THAT FUTURE GENERATIONS
OF PEOPLE WILL FIND ATLANTIC SALMON IN NEW ENGLAND RIVERS

* 3 ^ _ ™ INK ‘THE RETURN OF ATLANTIC SALMON IS  AN IMPORTANT
SIGN THAT RIVER POLLUTION HAS BEEN CLEANED UP

C 1 Eulfi™ i?SLpTiANTIC SALM0N SHOULD BE RETURNED TO NEW ENGLAND RIVERS TO RESTORE THE LOST BALANCE OF NATURE
. [ 3 L * Hf “ K. THAT THE EFFORT TO RESTORE ATLANTIC SALMON TO

THE 14 NEW ENGLAND RIVERS IS  A MISTAKE ( p l e a s e  e x p la in )

[ J I  MlGHt* CERTAINL* _W IU‘ ( c o n t in u e  on n e x t  p a g e )

t 3 1 PROBABLY WON'T ( s k ip  t o  S E C T IO ^ v ^ q ? 20 o ^ p a g e ^ )
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FISHING: B ecau se  o f  t h e  n e e d  t o  p r o t e c t  A t l a n t i c  Salm on from  o v e r - f i s h i n g ,  
t h e  » o u n t  o f  f i s h i n g  i s  t i g h t l y  c o n t r o l l e d .  You .
iA rr«V iv f i s h  f o r  A t la n t i c  sa lm on o n  an y  r i v e r ,  ev e n  i f  you do P**nJ [ g
k e e n  anv salm on. The num ber o f  f i s h  you  may k e e p  i s  a l s o  l i m i t e d ,  an  
o n ly  f l y  f i s h i n g i s  a l l o w e d . .  A bou t 2 ,5 0 0  A t l a n t i c  Salm on l i c e n s e s  w ere
sold for f i s h i n g  i n  M aine t h i s  y e a r .

1 1 . D id  y ou  know you c o u ld  buy  a  l i c e n s e  t o  f i s h ,  
f o r  A t l a n t i c  Salm on i n  M aine t h i s  y e a r ?  • [ ]NO [ ] YES

I f  YES, w h ich  o f  t h e  f o l lo w in g  s t r o n g l y  i n f lu e n c e d  y o u r  
d e c i s i o n  t o  buy  o r  n o t  buy  t h e  l i c e n s e  t i n s  y e a r .

(c h e c k  an y  t h a t  a p p ly )  

r V COST OF A SALMON LICENSE
r i DISTANCE OF THE SALMON RIVERS FROM HOME 
[ ] NUMBER OF SALMON IN THE RIVERS 
f ] SIZE OF THE SALMON N
[ ] LICENSE LIMITS ON THE NUMBER OF FISH CAUGHT 
[ ] THE COST OF SALMON FISHING GEAR 
[ j  CROWDING AT SALMON FISHING SPOTS

We w ould  l i k e  t o  know w h e th e r  v o u  
l i c e n s e  i f  t h e  P rog ram  t o  r e s t o r e  A t l a n t i c  
l i v e d  o n ly  in  t h e  7 r i v e r s  n o t  a f f e c t e d  by

w ou ld  b u v  an  A t l a n t i c  Salm on 
S alm on w ere  s to p p e d ,  an d  sa lm on  
t h e  P ro g ra m .

The e x i s t i n g  l i c e n s e  a l lo w s  you  t o  k e e p  up to.__5 A t l a n t i c  S alm on e a c h  
y e a r  T h is  y t a r  a  l i c e n s e  c o s t  $30 ' f o r  p e o p le  w hcTdo n o t  l i v e  m  M aine , 
an d  $10 f o r  p e o p le  who do l i v e  i n  M a in e .

1 2 . Assum e t h a t  t h e  P ro g ram  t o  r e s t o r e  A t l a n t i c  S alm on i s  s to p p e d .  
T hen  A t l a n t i c  Salm on f i s h i n g  w i l l  o n ly  o c c u r  on
a f f e c t e d  by  th e  P ro g ram  ( d o t t e d  l i n e s  on  m ap ). I f  t h e  p r i c e  (5 3 0 , 
o r  $10 f o r  M aine r e s i d e n t s )  an d  t h e  l i m i t  on t h e  ° £. ^  £
(u p  t o  5) s t a y s  t h e  sam e, how l i k e l y  i s  i t  t h a t  y ou  w ould  b uy  a 
l i c e n s e  i n  t h e  n e x t  few  y e a r s ?

[ ] I  ALMOST CERTAINLY WOULD BUY A LICENSE, 
f 1 I  PROBABLY WOULD BUY A LICENCE.
[ 1 I*M NOT SURE IF  I  WOULD BUY A LICENSE, 
r 1 I  PROBABLY WOULD NOT BUY A LICENSE 
[ ] I  ALMOST CERTAINLY WOULD NOT BUY A LICENSE

13.

1 4 .

W hat i s  t h e  very h i g h e s t  p r i c e  ( i f  any ) y ou  w ould  
s e r i o u s l y  c o n s id e r  p a y in g  f o r  s u c h  a  l i c e n s e . . . . •  $,

W hat i s  t h e  v e r y  h i g h e s t  p r i c e  ( i f  any) you  a r e  
a lm o s t  c e r t a i n  y o u  w o u ld  b e  w i l l i n g  t o  p ay  
f o r  su c h  a l i c e n s e ? . . .  . . . . . . . . . . .  • . . . . . • •  • • • • • •

4.
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r i v p r « 11 n f i c 8 t 0 t a l  o f  a b o u t 7 5 0  A t l a n t i c  Salm on c a u g h t  on a l l  New E n g la n d  
r i v e r s  t h i s  y e a r ,  a lm o s t  600  w ere c a u g h t  by  p e o p le  t r a v e l i n g  t o  t h e
f i s h b a i m L r  ^  • S t i l l ,  t h e  a v e r a g e  f is h e r m a n  on th e  P e n o b s c o t9m u st now

t i m e s  * °  c ? tc h  one sa lm o n . The A t l a n t i c  Salm on P ro g ram  w i l l
P e n o b s l o t {tee. 53 "l n -a ftch ° f  14 r i v e r  -  i n c l u d i n g  th e

m  i s  t h e  g r e a t e s t  d i s t a n c e  you w ou ld  b e  w i l l i n g  t o
t r a v e l  away fro m  home f o r  t h e  s o l e  p u r p o s e  o f  f is h in c r  
f o r  A t l a n t i c  S alm on? . ■................ MILES

r ^ r ^ ny d e c i s i o n  t o  go a h e a d  w i th  t h e  P ro g ram  m u st c o n s id e r  t h e  num ber o f  
Wh°  TW,n i b e  i n t e r e s t e d  enough  i n  f i s h i n g  t o  buy an  A t l a n t i c  Salm on 

¿?'c e ” s e * I f  t h e r e  a r e  n o t  e n ough p e o p le  i n t e r e s t e d  i n  b u y in g  l i c e n s e s .  
£ ne P ro g ram  may h a v e  t o  be  s to p p e d . We n e x t  a s k  i f  you  w ould  b e  w i l l i n q  
t o  p ay  a  k in d  o f  " s p e c i a l  r e s t o r a t i o n  f e e "  f o r  a l i c e n s e  t o  f i s h  t h e  14 
r i v e r  s y s te m s  a f f e c t e d  by th e  P ro g ram . t n e  14

Assume f o r  t h e  p u r p o s e s  o f  t h i s  q u e s t i o n n a i r e  t h a t  o n ly  p e o p le  
p a y in g  t h e  s p e c i a l  f e e  w ou ld  b e  a l lo w e d  t o  f i s h  f o r  sa lm o n  on 
th o s e  r i v e r  s y s te m s ,  th o u g h  you c o u ld  s t i l l  buy  a  l i c e n s e  t o  
f i s h  on t h e  o t h e r  7 sa lm o n  r i v e r s .

B e ca u se  o f  t h e  s m a ll  num ber o f  sa lm o n  now in  t h e  14 r i v e r s ,  
f i s h i n g  w o u ld  h a v e  t o  b e  v e r y  r e s t r i c t e d  u n t i l  m ore f i s h  h a v e  
b e e n  r e s t o r e d  t o  th e m . ~~ ~------------- —\----W

1 6 . W ould you  b e  w i l l i n g  t o  p ay  a s p e c i a l  f e e  o f  $ 
e a c h  y e a r  t o  r e s e r v e  a l i c e n s e  f o r  f i s h i n g  on t h e  
r e s t o r e d  sa lm o n  r i v e r  sy s te m s  _____  y e a r s  fro m  now? [ JNO [ ] YES

W ould you  p a y  t h i s  f e e  i f  i t . . .

. . . . d i d  n o t  a l lo w  you  t o  k ee p  an y  sa lm o n  y o u  c a u g h t?

. . . . a l lo w e d  you  t o  k e e p  j u s t  on e  sa lm o n  y ou  c a u g h t?  

. . . . a l l o w e d  you  t o  k e e p  up t o  f i v e  sa lm o n  y o u  c a u g h t?  

. . . .a l lo w e d  you  t o  k ee p  up  t o  t e n  sa lm o n  y o u  c a u g h t?  

. . . . a l l o w e d  you  t o  k e e p  m ore t h a n  t e n  sa lm o n ? [ ]N0 [ ]YES
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1 7 . W hat w ou ld  b e  t h e  v e r y  h i g h e s t  y e a r l y  f e e ? ™
c h a r g e d  t o  r e s e r v e  a  l i c e n s e  f o r  --------- y e a r s  f r o »  now b e f o r e
y o u  would f e e l  t h a t  t h e  l i c e n s e  f o r  t h e  14 r i v e r  s y s te m s  
w a s n ' t  w o r th  t h e  c o s t  ^  i f  s u c h  a  l i c e n s e . , . .

. . . d i d  n o t  a l lo w  y ou  t o  k e e p  any  sa lm o n  you  c a u g h t?  $------- ----- — -----

. . .a l lo w e d  you  t o  k e e p  on e  sa lm o n  e a c h  s e a s o n ?  -------- -——— -

. . . a l l o w e d  you  t o  k e e p  f i v e  sa lm o n  e a c h  s e a s o n ?  $—_— — — —

. . . a l l o w e d  you  t o  k e e p  ten sa lm o n , e a c h  s e a s o n ?  $ -------- —— —

. . . a l l o w e d  you  t o  k e e p  m ore t h a n  t e n  sa lm o n ?  $  — —------- -

y o u  might r e c o n s i d e r  a n d  d e c id e  t o  p ay  f o r  a  l i c e n s e  anyw ay.

[ ] VERY UNLIKELY 
[ ] SOMEWHAT UNLIKELY 
[ ] UNCERTAIN 
[ ] SOMEWHAT LIKELY 
[ ] VERY LIKELY

1Q T-  t h e  t o t a l  v a l u e  o f  h a v in g  A t l a n t i c  S alm on in  .th e '; 1*
r i s e r s  w S t h  l n y  m ore t o  y o u . ,in  money t e n s .  i th a n  t h e  h i g h e s t
dollar am o u n ts  you  h a v e  s a i d  y ou  w ou ld  b e  w i l l i n g  p  y j  lNQ f 1YES 
f o r  a  f i s h i n g  l i c e n s e ? . . . . . .  ............. .. • ............. * .................

I f  NO# s k ip  t o  Q u e s tio n  28 on l a s t  p a g e .
I f  YES# continue here.

V. AS YOU MIGHT e x p e c t ,  t h e  P ro g ram  t o  r e s t o r e  A t l a n t i c ^  *a
money t o  c o m p le te .  F o r  t h i s  r e a s o n  we w i l l  b e  a s k in g  y o u  t o  t h i n k  a  
l i t t l e  a b o u t  t h e  f u l l  d o l l a r  v a l u e ,  t o  you p e r s o n a l l y ,  o f  h a y in g  
Mew E n a l a n d 's  r i v e r s .  Y our a n s w e rs  t o  t h e  f o l lo w in g  q u e s t i o n s  w i l l  h e lp  
p o l i c y - m a k e r s  f a c i l e  w h e th e r  o r  n o t  t o  c o n t in u e  r e s t o r i n g  A t l a n t i c  Salm on 
t o  t h e  14 r i v e r  s y s te m s  shown on  o u r  map; a n d  how t o  b e s t  p ay  o 
P ro g ram  i f  i t  i s  d e c id e d  t o  c o n t in u e .

20 Can v ou  t h i n k  o f  a n y th in g  you  a l r e a d y  sp e n d  money on  t h a t  h a s a b o u t
I L  e a a e Yv a l u e  t o  °  y o u  a s  t h d  A t l a n t i c  S alm on P ro g ram  d o e s ?  P le a s e  
d e s c r i b e  i t  i f  you  c a n :

2 1 . H ave y o u  d o n a te d  a n y  money f o r  w i l d l i f e  p r o t e c t i o n  
t h i s  y e a r ? . . . . .  ...........................................E l '  • • * • • • • • • •  • • • • •  • * • * [ ]H0 [ ] YES

6.
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2 2 . S e v e r a l  m e th o d s  m ig h t b e  u se d  t o  r a i s e  e x t r a  money f o r  t h e  Salm on 
R e s t o r a t i o n  P ro g ram . Of c o u r s e ,  n o t  e v e ry o n e  i s  a f f e c t e d  in  t h e  same way 
by e a c h  m ethod  o f  p ay m en t. Of t h e  ty p e  o f  p ay m en t t h a t  you  n o rm a l ly  m ust 
make anvw av . w h ich  w ou ld  you  p r e f e r  t o  s e e  u s e d  t o  p a y  f o r  t h e  A t l a n t i c  
S a lm o n ,P ro g ram ?

[ ] FEDERAL INCOME TAXES 
[ ] STATE INCOME TAXES 
[ ] SALES TAXES 
[ ] ELECTRICITY BILLS
[ ] OTHER ( e x p l a i n ;  ________ ______________ __________ )

[ ] NONE -  I*M NOT WILLING TO PAY ANYTHING ( s k ip  t o  l a s t  p ag e )

2 3 . W ould y ou  b e  w i l l i n g  t o  p a y  $_______;  m ore n e x t  y e a r  t o
h e l p  b r in g  A t l a n t i c  Salm on b a c k  t o  t h e  14 a f f e c t e d  r i v e r
s y s te m s  -  i f  i t  w e re  d e c id e d  t o  r a i s e  money u s i n g  t h e
p aym en t m ethod  you  j u s t  s a i d  you  w ould  p r e f e r ? . ] N O  [ ]YES

2 4 . W hat i s  t h e  v e r y  h i g h e s t  e x t r a  paym ent y o u  w ould  
b e  w i l l i n g  t o  p a y  r a t h e r  th a n  s e e  t h e  P rog ram  s to p p e d ? ...........$
2 4 . W hat i s  t h e  v e r y  h i g h e s t  e x t r a  paym ent y o u  w ould  
b e  w i l l i n g  t o  p a y  r a t h e r  th a n  s e e  t h e  P rog ram  s t o p p e d ? . . . . . ?

I f  to o  l i t t l e  p u b l i c  s u p p o r t  f o r  t h e  P ro g ram  t o  r e s t o r e  A t l a n t i c  
Salm on t o  New E n g la n d  r i v e r s  i s  fo u n d , i t  c o u ld  b e  s to p p e d .  Then some o f  
t h e  money t h a t  h a s  a l r e a d y  b e e n  b u d g e te d  f o r  t h e  P ro g ram  w ould  n o t  b e  
s p e n t • T h is  money c o u ld  th e n  b e  r e t u r n e d  t o  you  a s  lo w e r  t a x e s ,  a s  lo w e r  
e l e c t r i c i t y  b i l l s ,  o r  m aybe e v e n  a s  a  s p e c i a l  c a s h  p ay m en t t o  p e o p le  who 
do n o t  n o r m a l ly  p a y  s u c h  b i l l s .

2 5 . Im a g in e  f o r  a  moment t h a t  you  c o u ld  b e  g u a r a n te e d  a  o n e - t im e  " r e b a t e "
o f  $________ i f  t h e  P ro g ram  w as s to p p e d .  W ould you  t h e n  p r e f e r  t o  s e e  t h e
P ro g ram  c o n t in u e  o r  t o  g e t  t h o s e  money s a v in g s ?

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

2 6 . T ry  t o  t h i n k  c a r e f u l l y  a b o u t  w h at you w o u ld  do w i th  a  r e b a t e  i f  you  
g o t  o n e  -  an d  t h e n  a n sw e r  t h i s  q u e s t i o n :

W hat w o u ld  b e  t h e  v e r y  s m a l l e s t  o n e - t im e  r e b a t e  y o u  w o u ld
p r e f e r  t o  g e t  r a t h e r  th a n  s e e  A t l a n t i c  S alm on  c o n t in u e
t o  b e  r e s t o r e d  t o  t h e  14 r i v e r  s y s t e m s ? . .......................... .. .$  _________

2 7 . I f  you  h a p p e n e d  t o  b e  n e a r  one o f  s e v e r a l  dam s w i th  S p e c i a l  
V i s i t o r 1̂  C e n te r s  a t  t h e  r i g h t  t im e  o f  y e a r ,  y o u  w o u ld  b e  a b l e  
t o  w a tc h  t h e  a n n u a l  m ig r a t i o n  o f  A t l a n t i c  S alm on i n  p r o g r e s s .
A ssum ing  t h e  P ro g ram  c o n t in u e d  an d  you w ere  a b l e ,  w o u ld  you  
h a v e  an y  i n t e r e s t  i n  s to p p in g  t o  w a tch  A t l a n t i c  S alm on
swim p a s t  an d  t o  l e a r n  m ore a b o u t  them ? ....................... { ]N0 [ JYES

I f  YE8: W hat i s  t h e  v e r y  m o st you  w o u ld
b e  w i l l i n g  t o  sp e n d  on an  e n t r y  t i c k e t ?  $ ______
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V I. THE FINAL SECTION -  Y our a n s w e rs  t o  t h i s  s e c t i o n  w i l l  
t h e  num ber of people i n t e r e s t e d  i n  A t l a n t i c  S alm on  i n  a l l  
Y our a n s w e rs  w i l l  b e  k e p t  s t r i c t l y  c o n f i d e n t i a l /  and  w i l l  
t o  y o u r  nam e.

h e lp  u s  p r e d i c t  
o f  Hew E n g la n d , 
n e v e r  b e  l in k e d

2 8 . I n  w h a t y e a r  w ere  you  b o rn ? 19

2 9 . W hat i s  y o u r  se x ? [ JHALE [ ] FEMALE

3 0 . W hat w as y o u r  m ain  o c c u p a t io n  t h i s  y e a r  
s t u d e n t , u n e m p lo y ed , o r  r e t i r e d ,  p l e a s e

( i f
i n d i c a t e )

3 1 . i n  w h a t c i t y  o r  c o u n ty  an d  s t a t e  
i s  y o u r  home? COUNTY OR CITY 

STATE

32. How many o t h e r  p e o p le  l i v e  w i th  yo u  i n  y o u r  h o u s e h o ld ?  _— _  OTHERS

3 3 . W hat i s  t h e  h i g h e s t  y e a r  o f  s c h o o l  t h a t  y o u  h a v e  c o m p le te d ?

[ ] 1 -6  YEARS
[ ] 7 -9  YEARS
[ ] 10 -1 1  YEARS
[ ] HIGH SCHOOL GRADUATE
[ ] SOME COLLEGE
[ ] COLLEGE GRADUATE
[ ] SOME GRADUATE SCHOOL

3 4 . W hat w as y o u r  a p p r o x im a te  t o t a l  h o u s e h o ld  incom e, b e f o r e  t a x e s  
1985?

in

[ ]$0  -  9 ,9 9 9  
[ ]$ 1 0 ,0 0 0  -  1 9 ,9 9 9  
[ ]$ 2 0 ,0 0 0  -  2 9 ,9 9 9  
[ ]$ 3 0 ,0 0 0  -  3 9 ,9 9 9  
[ ] $ 4 0 ,0 0 0  -  4 9¿999 
[ ]$ 5 0 ,0 0 0  -  7 5 ,0 0 0  
[ ] m ore th a n  $ 7 5 ,0 0 0

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. I he 
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 
deép interest for most questionnaire recipients^
led us to expect a relatively low response rate.1 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 g  | 
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 á f í fi? questionnaire recipients had not responded. Because the
original sample had been selected from t e le p h o n e  directories, telephone
numbers were available for all of these nonrespondents. Attempts to
interview nonrespondents continued in a randomly.determined order yntii
H 8  contacts were made with persons willing to answer at least the key 11 8  contacts were m ^  way orthe othej. 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 *

.a_v. Kocause the person had moved, died, or oisconunuea
phon^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 11*1)•

Administering the questions over the phone generally took less than 
a minute if the individual indicated no interest in Atlantic !
-less than five minutes if some interest was expressed and all the to1low
up questions asked.

^■Closely related issues for telephone surveys are discussed in _
M  T _ « a„A Tnarmp Powell 1983. "Respondent Burden. A Test ofSharp. Laure M. and Joanne rowerr. A y . , 1 7 n  Much
Some Common Assumptions". .Public Opinion Quarterly. Vol M
of the literature cautions against expecting returns from more than
of the general public with mail questionnaires, but many authors
demonstr ate*" that persistent follow-ups can

a «tâHHEa /c ~p citations in Goyder, John. 1985. Face to race
Interviews and M a i U d  Questionnaires: The Net Difference^in Response ! 
ÎS B B U Ü IS  on Quarterly M  49:234-252; see also Brown, Tommy
? C . °ubil P .. . 1978 "Clues to Reasons for Nonresponse and

T " ™ i  *  . » - « " * ■
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Table II-l. 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.2 It should be a reasonable 
if not entirely accurate3 assumption that the 41 nonrespondents whocould 
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

2
Some 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 e 
that they have no interest in Atlantic Salmon restoration. Similarly, 
the mos/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% 
ill8/216) of the nonrespondent subsample is analysis based on direct 
« u p h . ™  r L p o L L . Sine, only « %  .£ persons receiving the «ail survey 
returned a questionnaire, this means that there is little or no 
Information on approximately 345 of the 1320 persons whoReceived 
questionnaires. After accounting ^deliverable mail

’r s n z r e i's f«  h™

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 
risons a related consideration must be addressed. The corporation 

that selected the initial sample of 1500 (Survey Sampling, IncO warns 
its data base covers only 86% of all households nationally. 11115 

coverage is based on listed phone numbers as supplemented
auto registration data. Although 1980 census statistics show that 95.4% 
of New England households had phones, mail coverage is ower ecause n 
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 items. It was not 
possible to ccnclude thet there were no significant differences between
the two groups.

4Table 149, Detailed Characteristics, US Summary, 1980 Census of 
Housing.

^Telephone directories of listed numbers only have been 5^ w n  to 
Hi «proportionately exclude households of lower socioeconomic status, a

Er ¿ri mm
small compared to other sources of bias.
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Table II-2. Questions asked of 

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

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
Small
Large

Large
Large
Small

Small
Small
Small

Small
Small

Large
Small
Large
Small
Smgll
Large

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.

1



V-31

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 reports of 13%-26% functional 
illiteracy among the general public,6 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 difficul y 
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.y 
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 m  
the issue should be less motivated to expend effort on a mail

6US 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 illiteracy" at 26%.

7Again, it is possible that differences between the samples have 
been distorted because of a telephone nonresponse bias.



V-32

questionnaire; whereas the effort and attention required to give a short 
telephone response is much less.®

Because several of these discrepancies are significant,^ 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% Large
No 68% 56% Large

Atlantic Salmon oleasing
even if will never fish
for or see them (n-452) (n-64)

Yes 77% 100% Large
No 23% 0% Large

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.

O
Similarly, 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).

9
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.



Responses to all of the questions displayed in Table 11-3 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 
indirect 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.10 The lower educational levels 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
Results

Follow-uo
Results

Difference*

They fished or hunted 
durine the oast Year (n-449) (n-63)

Yes 52% 48% , Small

They boated or swam in 
lakes, rivers or the 
ocean during the 
past vear (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.



Table 11-5..Willingness to pay questions asked only of
respondents who "care" about Atlantic Salmon.

Variable Described flail Follow-up
ResultsResults

Would prefer to pay 
increased federal 
income tax (n-449) (n-60)

Yes 48% 43%

Would prefer to pay 
increased state 
income tax (n-449) (n-60)

Yes 32% 40%

Would prefer to pay
increased electric hills (n-449) (n-60)

Yes 12% 8%
Would prefer to pay
in some other fashion (n-449) (n-60)

Yes 17% 8%
Would prefer to not
pay anything (n-449) (n-60)

Yes 10% 18%

Willing to pay the
amount we sDecified (n-102)

79%

(n-25)

79%Yes

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

Difference*

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 II-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 II-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, * 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.

^Total 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 whether or 
not enough people are intereated in Atlantic Salmon to justify 
continuing with their plana. They've already begun to restore 
this fish to many oi the rivers in New England where Atlantic 
Salmon uaed to live. But the Fiah and Wildlife Service may 
decide it is better not to spend the public's money on aalsion 
restoration ii not many people are intereated. So. . f

1. Do you care one way or the other whether there are Atlantic 
Salmon in any New England rivers?

[ 3 NO - skip to question 7.
1 3  YES - continue.

2. Now please tell me ii any of the following statements about 
Atlantic Salmon apply to you:

NO YES
t 3 I 3

I 3 l 3

[ 3 ( 3

I 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 PEOPLE WILL FIND ATLANTIC SALMON 
IN NEW ENGLAND RIVERS

3. If the program to restore Atlantic Salmon is continued, 
several methods might be used to raise extra money. Which of the 
following four kinds of payments would you prefer to see used to 
pay for thé 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 iour)

I 3FEDERAL INCOME TAXES .
I 3STATE INCOME TAXES 
t 3SALES TAXES 
[ 3ELECTRICITY BILLS

<Dont read) t INONE - I'M NOT WILLING TO PAY ANYTHING (skip to
Q. 6)

I 3ÛTHER
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4. Using en increase in (choice Iron 0. 33, vould 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 £ 3YES

5. What is the very highest extra payment you would
be willing to pay rather than see the Program stopped?

________

6* Now, could you please tell me it you have participated in any 
of the following outdoor recreation activities during the past year ?

£ 3 HIKING OR CANOEING
£ 3 FISHING OR HUNTING
£ 3 BOATING OR SWIMMING IN LAKES, RIVERS, or the OCEAN

7. In what year were you born? ....... ...... . .
YEAR

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

9« And finally, what is the highest year of school that you have 
completed?

£ 31-6 YEARS
£ 37-9 YEARS
£ 110-11 YEARS
£ 3HIGH SCHOOL GRADUATE
£ 3SOME COLLEGE
£ 3COLLEGE GRADUATE
£ 3SOME GRADUATE SCHOOL

I
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I '

THANK YOU VERY HUCH FOR YOUR COOPERATION!


