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I. Introduction and Bach:ground " l' .

.,'

The first w~rk r,elating to recen,tun~dro?lou~ fish ~estorati01.1 efforts for the Merrimack River began
',,:. in 1963.' Based on this work, Newell und NoweIl(1963)reported that excellent potential for salmon

~estoration ex'isted within'the upper'reaches ofthe watershed, un area located in the State ofNew
". Hainpshfre~ They identified obstacles to restoration as'dams located on the mainstem ofthe river

and major trlbutaries. Bridges arid Oatis (1969) 'concIuded that the lower portion of the watershed,
located within the State ofMassachusetts did not contain Atlantic salInon (Salmc/salar) spawning

, : : , or nursery habitat. These 'early surveys documented migration und habitat constraints associated
.. ':with the restoration (>{salInon in'the river. Thus it was knO\'vIl ät the inception ofthe anadromous

, fish restoration program that salmon retuming to the river would encounter obstacies while transitirig
, waters in MaSsachusetts und New Hampshire, und traveling,a total of 241 river kilomete~s (rIcin) to

spawning~~ n.l!!s~ry.are~. , . "
, ..::'.,!:~ : ... :',:. ~', . : ) .:.1 :.: '.:;r::~j (r ~•• "'.:' ._~ ~ .. ;.:: ,-

...;;~Anadromousfish restorationcomnlenced on a'formal basis in 1969 when the fisherjr agencies of
,:_:: ~ Massachusetts and N~wHarnpshire, and two federnl fisheries agencies, the V.S, Fish undWildlife,
.. :":,' Service and National Marine Fisheries Service, mutually. agreed to support a fisherles prograrn for
~':';' the river:' A third federal agency, the V.S. Forest Service joined the effort in 1982.', Today,

" imadromous'fish restoration is a'multi-agency, cooperative effort, and the Strategie Plan und Status'
, Review, Anadromous Fish Restoration Program, Memmack River' (in draft, 1996) provides a

comprehensive description ofthe prograrn:. ' :.:; '. ",'
. ,.l;- ~' i'.. . ... (': ." •. 1;. .',' )'. '.~~' ~~i

:':.'. The unique salmon stock that had evolved in the river waS extirpated in the 1800s.:'"As ri result,' state
.>.:.' und federal hatcheries have focuse'd on prod'ucingjuvenile life stages from donor stocks. InitiaIly,

hatcheries produced fry, parr, und smolt for release, but the prograrri has since been modified to
emphasize fry and smolt production. Releases from 1975 through 1996 totaled approximately 17.7

',' million fry, 0.8 million purr, and 1.8 million smolt. Annual fry und smolt release totals have varied
~ .',,' ,greatly among y~ars: 8,000 - 2,900,000 'frY (51 = 821,0'00); and 2,100'- 189,000 smolts ( ~ ~,80,000).

. A total of 64,900 units (l unit =. i00 m2 ) of salmon nursery habitat has bee~ quantÜied within the
, basin and it is unticipated that adult sea run salmon will have a~cess to appr~ximately65% ofthis.
habitat some time in the future.' Spa\\mng stock escapement for full or complete restoration has been '
estimated at 1,400 multi-sea winter (MSW) fe~ales.··

Vpstream fish passage developmeilt is based on stock abundance of salmon and other anadromous
fishes: notably Americun shad (Alosa sapidissi111a), und herring (Alosa spp). Upstream passage

, ': facilities at key mainstem dams ure functional,. yet. work contimies to, improve' efficiency and
effectiveness. Efforts have been underway to provide both hatchery fry origin smolt und hatchery
smolt safe dO\\TIstream passage. In some cases, exeellent fish passage faeilities ha':e. been' provided
at dams, but in most eases passage routes have not been adequate to
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ensure safe and efficient passage.
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fH.". Salmon returning to the river 'are captured at the first dam'and transported to a holding facility. where
.,;~lo;iheld until eggs are taken. ;TheJacility has a capacity of 300 salmon and when exceeded.additional'"
, h~~fish are transported to the spawning grounds'and releaied: Since the in~eptionofthe prograrn, there '
'i-:/ii has been ocly one occasion when the.kno\yri number ofreiurrnng fishexceeded 300~·;.In 19.~.1; 332
b~ s~lmon.were knov.nto have. return'ed.to the river:' r', ''-<l.n t,~;l; ?::t'Li::';' .' '.; .:;" i':~'.;i',il! L"I'
~ ;. - ... '(' ,,\,\, ,., ,; ~ .~ , ·l·~ ..~t.!, ·~·l .' I., "" '("" • .,; ;",. ~.t .. q,:,·, ,tl;~ " H,"~:' ., :~ q·~.lf.,' .. ··,:tA .. q,fcf!.ddl.r:-. \ .• '.' '''''.\.. / ,,~·L C: ~IL .. , .l. ,l.~ ,,~ .~'" 'i,d ( ·.... 1.... '.1.:. I::> .". '- ~ .•. ;t! I .. 1.....,_ ,I

i)~J;Knov.n adult returns tothe river for the period 1982 through AugustoOQ96 totaled 1,821.fish (226
.. ;'iwlgrÜse,I,552 two~sea-wiriter"salmon: 37, three-sea-winter'saImon,and 6 repeatspaWners)::Adults •

i :.; ~ n; Jofhatchery fry stocking origin composed 52% of.the retUrns" ~vheieas 3%:'vere.from hritchery parr
10.:. n"-,; I. ·releases and 45% from hatchery'smolt releases. ; ";,(,; .. ··I"'~T~,· .. /" i·:fl· ~ (-'":'';;J';''~''''' i.i'- [:~\ 1"""; ...

• : ~. . & • ~ , c..... .l .. J.. "ll l1..'J • c. f''''' ~ L", .•• .J J ....., I .1,..........'\" t,..••.J • '.. '-! l.,. _..; I ..." I (I

:·,·,;~.·;I ..: .~._ K_._.•.....'._ ' ,' .., • l I ."". ~ <.,;~; .. ~-:..,-=-~-~"':-,.:~::..::.,--.._:.. ~ .... $- ~ ... ~ "~.~r.C)~~ ~~~~;..'!'.::·.i,f\t,(~ ~:~ff·r'!J~~~?"
The program requires six million eggs annually to sustain fish culture needs. With 300 sea run adult

1~; ~ fish; the projected egg take approaches;l:5 riiillioneggs, 7~,% less .than tha~ required.for ih~ program.
::·...' .. ·~·l!·:·:Toovercome the egg defici~ a broodstock reariIig progriun,haS been ~stabJished~ Broodsi6c~ reaied .

.. .' .10t ;.\vit!!in !he hatchery sy~tem,'are fir..st generatio~ salmöii produc~d fr9m"sea run egg~~; Broo51.stock
,:/l~~. become surplus.to the prograrnafter artificial spawning,and first generatio'n year-:classes are r~ared

'.' f..:.•"tos·upp··lement·the spawning cycle:.;~"i",'f·~·{:,('·; .... ·;{.... l·I:') ...~:_;·jlJ..~rN ........,; ~;'i.· ..0.~r:l ri~t'~ ;,,(~.; .... ro:,i, /.;, '
~"I- • ; .,..;. . "" •• ~ "",~ ..... ;;..~ .. J ~.JV"'.t. ~ .~-:" .... J~ /"~~.1"'"."l".~:,f"'-:.'<I'I,:-: He" ....'-<io..~d4'J:... J'.~ ••. ~

'" '·'b;·/r.,·. (;",;,,:." ...n( ,:, /,:', .. '1;<; "'lU-';" "~I: NH '\')(]1([ ·~,·'I-'::·'-;"'~''''(l'lhl'~l ""("J".,,,.,l'r "1 -'. "''';'1''''';(';'
". (~- .. J \.t .v. ~ .. (/«" ,'" ~." ~." ... 1 .., ... ill.'&. '" ... , .. l •...,.~.) .. ,t. ....... i~ .. ,V4 ..... ~ .• G ~ l .••• \ ...... ~ ... l..~~ • .a ... {"".1 .''''I'k

Since 1993, surplus broodstock have been re-conditioned in.the hatcheryand thes~ post-spa"mers
, " have been released in the main stern of the river to provide. angling opportunities. To distinguish .

.... .'; \!:,·".'tliemfrom sea runsaImon, they.aremarked,Withdisc,tags.j His.intendeci that"thisinterini release"
.. ~;: (i, program be phased out as the mimber ofsea nm returns increases sufficiently.to.providecomparable '

.... ; f'anglingopportunities-, r,"'~:~"....;..',.'A •• :;--"rr"~":i 7~"~~'~' ~ .. ~...··~rt ........ : , ..... ,1 ""r. ,,,::,,.••I ........ j· •

. . ~: \:-: '{!~.tr-rr:;.·:,·:r:'~;v.;::: ;:l:' "r~:)./,·:;t ':;·\~~)·!T;;~·~·~;·~,~·;\.';··:',~"'·!,:~';~:,,·!~;~.!·t '~/:;:~:~·~<:.;~:; ~.~;;~:!~~~.;.~ "..
,.b~ ~-: Beginning. in ~1994, small numbers.of. pre-spa\vner. broodstock were. released .'on. the.. spa~'ming

< • --. .. , •• .\ ,'. •

. ;1,f;~:grounds ,in the headwaters t~ deterinJn~ ..th~.~~cacyo(~e~~.e}I.! eI!l1ap~ing pr~~~c~i.,?p. ~Du~7nile.
",; I salmon. ,Though the results have been iriconclusive; the initiative is expected to'continüe through
':<:therem~fnder ofthis Century..::·· :, '{' : ': ·~,~.~·l·,: ~ , ... ~. ':'. ". ....,.:',....... .: ~'.v, :.:

,-.... .. '. .. .. .1,

11. l\icrrimack Rivcr Basin Dcscription ;:'':'',:,~;' '::':;~ . ' .
• ' '1 '. ; ~ r f •••

• "" _ ~ 'C.'.

' .. ' The 12,975 kffi2 watershed (Figure 1) consists ofdensely populated metropolitan areas in the lower
reaches to mountainous rural commUnities in the headwaters. The mainstern ofthe river is formed
by the joi~ing of the Pemige\vass~i River ~d. the' \Vinnipesaukee River. '. From the extreme
headwaters to the ocean, the river covers approximately 291 km. The Merrimack River has an
average annual flow of approximately2,240 m3/second at the mouth of the· river, with extreme
fluctuations occurring among the seasons und within agiven montll..

As recently as the I 960s, the river was among the ten most polluted in the United States. Toda)',
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largely as a result ofthe construction ofmunicipal and industrial wastewater treatment plants and
the enactment of laws regulating discharges into the river, it is significantly cleaner.

The mainstem of the Merrimack River has five hydroelectrlc 'd~s~ whe~eris the ~ainstem of the
: .:, . Pemigewasset River has two hydroelectric dams and an open flood control structure. The tributary
,. . 5y'stem contains more than 100 dams, same utilized for power production and others providing only
.. : ~vater control. Upstrearri fish passäge facilities exist at the first three'dams on the river und at three

.: ';' .'. dams on two 10wer river trlbutanes. DO\\1istr~~ fish paSsage facÜities ofsome 'configuration exist
. (,I. '. at all ofthe importarit darns. ...... ' ; . ; .... :; ,.. . '. ' .. " .. ..... . .... ; ... ':'. ,.,.

7" ,'"

,.. ~~~~' the 'Iast 3'~~ ~em:s '~pp~6x~at~iy '2Ö'~~~v risi;~pecie~ h~~~ ~oloni~~dili~·river.\t~6r~aJi~nallY
important species include largemouth and smallmouth bass (Aficropterus spp.), northern pike (Esox
lucius), walleye (Stizostedion vitreum), carp (C}prinus carpio), rainbow trout (Oncorhyncusmyldss), __ .

. ;l brook trout (SalveIinus fontinalis), bro\1.n trout (Salmo 'trutta};catfish (lctalurus punctatus) and' ._- ...
, : '. goldfish (Carassius auraius). ·.Today, the watei'shed supports approximately' 50 species offish, nine "
, . ofwhich Ure anadiomous (Stolte 1982)., ; /~ ':. " ,'. ~_.~, ' ., ',: _ :.. - :!:. ::~': • < :: ..'.. , . \ . '.

;;'; ... 111;' Historieal Perspeetive .'

•

e·.t" ... ;) .::.;J;! J'" ~,., . . " . • 1..
""r:','C ..... ~•••': .....- :':.. 'i .:.' ..... : .... ...;.'. :.:...,'~~: ,: ',,, :::~.:'~'_ I .... ;., .,f~,,~l .. ,~~.~,,; ; ~~~'. ~.::"; ~~~ !~:·':'...'i",iJ:.'" '~'"

';"r- :.Colorual records (Farmer and MOOl:e 1822, Wruton '1845, Little 1888, Livermore and Putnarn -1888,
.. and Musgrove 1904) indicate that salmon frequented' the Memmack River and many. of its

tribtitarres. They also indicated that the Pemigewasset River contained the principal. salmon
spawniiig' andjuvenile production areas. Foilowing colonization pfthe watersbed by the English ... :.­
in the 1600s, and until the late 1700s, anadromous fish resources remained abundant. Development .
of the river by colonists focused on the lower tributaries. The affects of this development cn

.-..' '. anadromous fish were not adverse, 'since spawning and nursery habitats remained accessible and
unaffected. However, by the middle ofthe 19th centUrY~ manufactuiing along the nver bad grown
tremendousl.y..•...... ", ... _. __.. . "'~-'-" .... ·1 ••. -.-'

~ ,. " ..
. ., ~ .

..The' river a:nd its fishery resourees were soon affected by pollutio~ resulting from human population
increases and development in th~ lowerwatershed~ Runs of änadromous fish declined during the
period ofrapid industrial development within the watershed (Stolte' 1981). Salmon' stocks were
acutely affected in 1847, whe~ the Essex Darn in Lav"Tence, MA was 'constlilcted without fish

.. passage at rkm'48. By the mid-1850s, salmon ceased to enter the river'and American shad and
. herring stocks were only reffinan~s of tJ.1eir former levels~' . . .

In 1866, salmon restoration \vas attempted in the .watershed. InitiaIly, eggs were obtained from
Canada and the State of Maine. The effort was abandoned in 1896 due to fish passage problems.
Howevcr, during that 30 year period, a fish hatchery was constructcd; approximately 6..3 million
salmon fry werc rcleased into the watershed; five fish passage facilitics wcre constructed; 839 adults
were counted passing upstrcam through the fish passage facility at La\\TenCe, MA; and
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Lirh ~438 adults.\vere.captured in the headwatcrs·'r;~:·:.:·,; ,'''it:iJ~'!'u "". ':d,lo:;r:~';; L ..:: 'iL-~I',':l
'!"'~··!"·:r~, • L"t '- " '.• i ;.,',;;, ?#.~.: .. i.i,:...,:!: ...... ".~~ ~...':t:l.· "'j~. '::.' '1")' ll!

IV. Thc Prcsent Setting
• #"~'/..,..., 'I" '.. .,., ') ·l·~""f·.:;i'#~·.~·:,t ~" ,.,'r : !",>'.~' l' ; .. ,j;l",p ~ .c ••',..~t,,, .. ~:. :'.,."";,,,'.' '"1 z,'tt'" ,l''''t''l.-,~.·)., LJ.";".' _. r .J 10 ••••J I. :11.",. ~ j ... '. s..., •~" .• .... • , vl. , \,' .) ; d • L .),. ,.•.•1 1J •• h ....... , r. J JA ..d '.. w L j • Ir•. "I • f ., .. •• v It i

~ '.. . '~E;"'The AiI~'nti~ 'salmon ~estoration pr6gram for the:Memmack Rivcris~ow irl' its'most c'ritical'~d .
. . '-. \::lnr' piccarious ':position since 'inception: !":Eno! (1995);' an' ardeni supporter' of:Atlantic: salmon'
, : :<:,jljcorlserviltiö~; when speaking ofthe'cniireAtianiic saIindn progfan1\Vithin New'England, stated "The

}:'7;'::-. k~y'isstie"that you must iffisp is'that Atlantic:salmon conservation effcirts for the last 20 years have
, ,been a failure. The issue is: To date we have failed. You may'choose the' adjective'depending'on ..

, ' yoUr humor; t'spectacular" failure, ifyou're ofsardonic mind; "miserable" failure, if you are ofdour.•
:,.F·f"l;lI'·d·~· - . -te ~.,,'.n .. ,...h ~_<':;('r.,"·"'''' ,..<, ..... ,-? "I" ;~~..- .. , •. :.~:; -}P .... i'.r.' •• f;'~;""···"n~......... "'" "'- ... ~'. I i~rl:-~.,..,.t'l ~;L .. .... : .• ,.r:

. , .' .':.:~~;, ~~R?~:.~~~;·:'.:·: ·,-;::2:;·.·,~:· :::~.,.""~~~:" \'.-~',",~ ':;.,':':.:::;rIt~.~: ~'~.:':: ~~~::~~:~.,.~ ..\v:!':_:;':~.~'~.:;',~::,~~:~.~ :~~:.~ ..:;- ~
.: ~ ,,":~'''~' ~""~1 ......:,&"u ......... :.~-~"~," .... ,.~ .. : ....__".. .......:J.~.~'~:_ ~~'~ ..... ~.~#.~'~~ ....; ..;u ..... ~,.,.~ ......H•. ~ .. ~ .......:H..U"..,,,_~_' .... l .. ~ •• ~ .... ,..~:~ ... ~'_· •."'J"!~ ... 4

;;. , :. >. :1,;:<.I:··The' strittis 'ofthe program is best revealed'whenconsideration is'given to'fciirr key' areas::b\\ .
..~ ~~-c~~· :. ':,' .• r5iI;; (i) !Jtiblic'phcepÜon'and~expe~'taiiorl, '2) program'accoirtplishiTI~rits; -3) the'salfnöi1 consiiiUency;and'
:: . .. '. ~rt ft: 4)'politicarclimaie:~;webeIieve,1 in-the' contexi:of publict expectation;:one' tluit'fishery:resoufce .
l' oi ' • , ' .. _ ~ . <", .' ~,' , ~ ,.. ", ro< ,.' ••. '4"" 'f " . e- , . i;":" "'. . .....7· . 'e '.' agencies p1ayed a role in developing, that the program has been a failureJi';:;:;::~':' ..;;;;...: .~; ., ,

"#'" •• -',~. ~•.. - _.- ~ - •.' .

Salmon stocks have not responded to management initiatives.:·So~e'·accoiriplisluneitts have been'
. ., significant in that donor stocks have been identified, an infra-suUcture established to meet life stage>
~.~~ (; E: pro'duction ~fargets~arid.'qUality: häbitat :recla1m'ed~via' fish; passage.:~~Maintenanc'e~'of) a: strang
?1l }constituency has stalled perhaps due to false expcctationS~:'Politic:lI support is wavering as economic

. fl~.rf!·coristrairits require gfeater.scrutiny 6fbenefits gained for:nionetaiy resomces expended.·;~f~j
·.··.·ri~:i ;~!;:i:\ ·~M·{d E~·r1Gl~~il: ~dff() ·r.ri[::~illOb6 ~'l~r /.füf Jc:r .ic?,r. '(IJH ::::Jf.rJfrf ~Iin::; ~IJ i. 6:;~ :::;:;iav,:r.~?

;.-~·t .••• """-,.·_,..l~.-... :.:.rl .••..: ..:~, _.jf'.·l. ..... _~-~._....,_ •.. p bl' p .. ,~ t·, .' dE ··t·t·i·~·-;;:·f~·:··':'_-~" ·... ,....o:\.r '"\,1 .. ;
.,. • ~ : ~._" ••• 1..1" , •.' , U lC erccp Ion an xpec a Ion· ii i i'101· ,rll ,_.! ·..'!i rl •.

,. ~;~.~;~: ;:~~:l :::~ ;;:~~)~~ ::r~.~~~T ~~~~;:~~~~~ ~~,~~~:~i~ir~:;~~i~;~ 2;;:~:;~b'~ ;~~~ i~o~ation •

rr~'(, related.to· adultretUrns from anticipated smolt andfzy stocking initiatives:; A planning document
prepared in 1982 (Stolte- 1982) contained a wild smolt production estimate 0(;103,000 fish and
expected adult returns of 1,820, annually... No timetab1e für achieving the numbers was reported:

" ";[' ;':A revised'. document (Merrimack River Policy arid Techriical Corrimittees: 1985) contained adult
,..:. '.return estimates that rariged from 142 in 1989 to a total of2,450 in 1996.:An Environmental Impact
.~.: Y: Statement (United States Fish and \Vildlife Service 1989) contained 1anguage stating that for the
'r . . . " ~. 1 • • - -

. ~ , period'1989-1996, the averrif;.e'adult retilll1 to the river would be·I,170.fish::Retum estimates
provided to the public'and the actual riWriber'observed Ure tabuhüed in Table 1. Clearly the projected
number ofhomewater returns has not been achieved nor jniblic expectation satisfied. :" ."

Rcsults of thc Prcscrii Atlantic Salmon Rcstoratiori' Program .
.'..

Altho~gh the program has man)' componcnts, one aspect most often add~essed centers on the
number 'of salmon returning to the river. Total returns to the ri\!er now number 1,821 (Tablc 2).

" . .
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Annual returns have vari,ed from a low of21. to a high of332, yet have remained comparatively----.
low for the last five years. ' '. . '.' ". ,,' .. -. . . ~ '. ...

, ' " ..The reiurn'rates are tabulated in Table 3 and it is noted that they' vary greatly among years. No'trend
:::..":is app'arcnt with'iespect to rates ofreturn for hatchery smolt o'rigin salmo'ilwith the exception that
::' 'they are low~. The ratesof return of hatchery fry.origiri s~lmon häve declined significantly from

. . .~os~:6,fprevi6us years.·. . : '.. " .... ~-.:~...·.~·l ':'.. . ... :. ~:.'" ...: ,:.'" ....,.,. ,.

;~.:: :'; .·:l~ ',' . :1:. ,~.. -I. ".. , ".' :"'\ ~.' t'-' ""_,"'t ·,.(!f'ft~:·.. ", ' ~ ";. "; " .

'. Hypotheses have been offered to explain low'rind dec1ining mtesofreturn. Smolt losses rriay be high
~.: '.' ai hydro'electric faCilities, stock genetics rn'ay be pö6riy suiiecl t~. the rlver,' predationon salmon
. ' .. SITloltS inäy be high in the lower river, arid pres~I1t ocean ~onditi'Q'ns'riiay limit post-smoIt ·~uivival.
___ ..l_ ... ~_ """... :..., !~" '.i • JI ... , • • _.~.

.." ":,' .. ' :' :'~='1 ",.-~ .. L ;':c; j: ..:' ..
Tbe Salmon Constituency ,.;

. '1 . , ....

•

~();·f,-,,~"'"-';''' i~i '; i ~'. ~ 1·... ',', - ,,. ir,r\t ~ .":j,"':' ·.........pn.i:'C'(.. ,.,::.-· ·,-·::·:~;·~~-·;:"--·~:"-·i.;"" .....__._~--_._--~-"

i.:(;.~"~<?'n~?iUer:cy,gro?PS for ~almon rest?~ati~~.'incl~d.~, P#y~!~'s~'ctl~r' org~~tion.~:·su~~·.as .Trout , .
;~,::~ UI1F~~ted, th~, ~e~<England. S<l1In0n ~ss?_~~a!~~?~f.~~mo~~ •.l!J1Ii~ited, and. the Atl~t!c,'.~~lmon

. ..:.. ·Federation...The effectiveness ofthe various organizations is sometimes compromised .bY their
.,'::.' competitionfor runds"arid members1llp.äilefIeadership-pösiuöns: Progr~atic i~volvement is
t J,._ .......... _... r'" ,.. . • ~ ,#0 •••• ~.... ;. ~ c ,-'.. .... 'l '

'i"- usually directed at only those issues ofimportance to their respective memberships.. One particular
, ....... ~ ........ ,.f ... , t-~ '" ..• , • '_ .. '. ,> ,' •• ~ ,,··t l •• ·.., ....'" .-"_ "'4 "'Il,....... .i ...li :".1_ I ... I.' '.lo. ••.••• __ l' ,

. :':. r organization, the Merrimack River Salmon Association," was extremely active in the early, 1980s.
'~~ ... Ho,~~ver, because 'cf umealized 'expectations,"whicli'leaci'i'o"a genera(b~k'of i~ier~stbythe

... - ... -.~ .• .:, .• _.- ..J. _.... _(_... ,.,~ •..~ 'J......... ' _~ •..

. membership, the organization \vas disbanded. . '.' .. . .
'- ; ,
~:r:·;.< hJ~;;·':-(:~ :~'. 'r'" ..... >.~~i.r--~.. ~ )~:;iot~ t . , .. ;tL-.hrt,: ,.~.u' ;""-t;.. ....j;·t;!:l~Lj~ f'_i ttt·,:;o;.,'...·:.:b !./'< ;.·1:';1:J~1 :!/ ..

i, No direct sport fishing constituency fOf sea run salmon currently.exists since salmon numbers are
:':', lö,väI;c:i directed angling is not pei1nitted..~:Än unorgäirlied'sport'fishing cönsti'tüency'rebied to the
.'.. ~" domestic broodstock fishery in the nver'smainstem lllis' ~own·sigD.ificaniIY'irith~ last fe\vye~ and
:.".: is'no'\v an extremely vocriI ancl supportive·group.,';The groWth 'öfthe latteris related dir~c't1y to the
.. " nümber'of domestic broodstock r~leased into the nver and th'~ angling success thai has' occurred..

This'has been fully described by Greemvood and'Stolte'(996) c:ind McKeon and Stolte (1993).

" 'f r:

~ •• J •

Thc Political Climate. :--. . .

_ . . _ .... '" . "j, ... '1: .
At one time salmon restoration v,:as directly supported at the Congrc'5sioriallevel ofthe United States
goveriunen·t.· However, leadership and interest in salmon restoraÜon is nO\v lacking (BaUm, et. al.
1995). This waning leadership and interest is perhaps directly relatcd to the lack ofpositive program
results: . . " . .

In addition to the general lack of interest, federal as weIl as state agencies are being restructurcd a.,d
stuffs rcduced. This, coupled with budget reductions at the federul und stuielevels, equates
to fewer dollars available for salmon restoration. .
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L, r ',.C~rre~t 10\~ rat~s o~homewater.r~~urns denot~ ~ lack ofprogr~ ~,:!~c~~s..Ih~~ ~~e~t.~~.;T
~ ~ , .., :-,.; wavering public and political support have increased thc challenges ~sociated;with the restoration .' .
,':- .. , J;'I~:. of extirpated 'salmon stocks. Favorable rates of return 'observed in the'previou's'dec'ride- für the'

. r""" ~. , "I '. • • '. .. ". • • ..... '. ~ - ~ ~. ~ • ~ 1""' "', -' t ....... ~: ... _... ~ , I • .'. ~ .

........ Merrimack River and other New England salmon restoration rivers suggest that new and complex
factors are reducing stock abtmdunce. Credible hypotheses profess that an rti~rease in'the 'abundance

,'jh: ::~ ?X P!~~~~.o:s th~~ prey.~~ ~~mo~, .~~ ,tbe. ~rfects of i~te!:I?it!~~~~l~.tic;,~~~~i?ti?_fa~~ö!~.i,nthe .
..',; r;:~ ;,:m~~ ~~Ylro~e~t~ ~ay. be a~vers~Iy...~~~!1?g,s~o.~ ~~p;n~~~~ ~.d ~~~.ng r~sto~t!0~3~~cess. .'., .
,'., ,:' The processes occumng In the manne enVIronment are now better defined; and although predator

f.'i','.' : "-1' ' " " 'r,..... . , .. ~. ,.- .,..... .~.\ 1" -•• -.-' , \,. t>~ ,., •

• • - • I. _ preyinteractions are not weIl understood, scientists remain opti~istic tb~t restoration' is possible for ,.. ,.-
,~.=, the Merrimack River, albeit on a reduced scale than previously anticipated. .,t:,·
'":, . ' .' 1,;.... . • ·~.JLYI)"";;)':; •.: ';lldl;~~. :.lftl . , ,',r.~
~~:.. , __ ..... ..t-....:..-._.... . ~

:':-:'" - '''--'~:' ~ .. .: -~F;~~·d ~~th·the~~ increased challenges, we believe it nec~s-~~t~~it~;th;'foc~softhe r~~1~ratiön "'~:;-~.- :.l
...... ~'jü"" ... '" ,.~......... Jl' •• , "',,, ........ ~ '" ".\.<..... ~ ''''''~'''I " •••• ~ •• , ... ~rt'·,I. ... - ... _ ... .,..".· ... ".I .... -~t,~ ..... ,.. "l # ~

.! . "", . ::: .' prograin·to ensure that the achievement'of short term objectives and göals'are:recognized and'
<.'j . _ • " 11~~';li'."" , --i"ll·' .. " •••' •• , ~ .. f....... ',.,.. "" , , 01\>., • ...... ro ... • ""..,~" '0 I ,,,".,JA.- '., .. " ·,'··,l t •.

:.<~ .. '. .':': ::'."" ...-;:~. understood. 'Recognition of achievement and accompIislUrients will mold public perception and
::':'. . . ~ ,.:. ~ -::~ ::~ ex-pecüiiioti;'inspire interest iii theprogrnm: äiid develop pubÜc and poliÜca! support:; \vitRisöintend

. '. <f I·..... ·,. .. ., - Oll •• ' " • "'" ,., .,_ •• 0, .'''. .-.". • "~." •• , ." ~I'i .. ,... "t· "",', '"I' .....,.~ ....... ' ••• " .• , ... _ .... ,..

, ~. 'j. : •.~::... : .' : • ,"to identify and implement strategies that reflect a'philosophy not narrowly focused on expectations'
:;~ ;:r· :~, .,' '. "W::J:"of'iärgc'nurribers'ofsaIßion'retuiriiIlg'tothe nver ulthe nerirterm.'cPrograrrliriitiatives 'i~corporate ",

,,,. ..~l.,~.t*' Ji ,. _". _"'+1 , '.-' ~ \~ i _ ,.,.,. .,..'••• -.",lt: .,,.,.. . ~, -, -"oflot •• " ..J· ,..,.." •.. '"' , ~, .,..·.t·· ""- ~;' _...,~. -
'. :;" .~~... ,' ~.~. ~'j , : ~t~m~~v.e sc~entific, .~~ategies; promot~ a,~~~\\~ds~p ethi~; p~yi,~e. an'~d~~~~.~ng ~f~!~~hed ,.

•. '.I!~ ." production potential; und emphasize the benefits to be derived from wise use ofwatershed resources.· ,
. ".. E. -. I .,;,;~,n.. :.1 "':,~r:. :'~\t/~f~·~::~:).~.::I-::!""() ~~;~ ::1;Al1~::r!r~:::;a." .

) '," ;·37.:-: ' An abbreviated description of scieritific, socio-economic, and pOlitical strat~gies isOpresented here; .
. .=.. : :'l;:.:=blit'theyare'outIiIl'ed in:greäict-'&iail m'a'plan tö be'üvmlable"forpublic ·revie\vand·commeiit::. The

_ . o.t..'l' ,.' .• ' .. ... . -..... r' .... , • . • \. .. • ~.... . , •• • - '.- • --"- ...... •• ... ... I ,r. ~_"l"" ... -- - '- h __ ".... , .., •

..=.,:: . ~ ~',' plan identifies actions to be taken and strategies to be implemented within the next five years;' It is •
; .• ,', J~"":. 'inten'ded thai 'solidting"comment' frorii' the.~pubÜc' and 'involvini ,,;ater resoUrcc: lliiers'iiÜ:plan

" .:1/1: ':'development ,\vill promote a' watershed 'stewardship' ethic' among Users.' Such üctiöü develops a .
'~'<:;cönstituency with realistic 'cxpectatioris'öf,the'outcomeofprögrarrl'actio'ns and initiä'tives.~:J~ .

.t'."\'" )." . .t ..... ': ;,.;~,," a .:,':')j-', I ·,· ..... l·. '.:') ... ·,.1;.~·:,·;t'('~.:.':···· ~.·r,·'s';·-:·:~·~!~·~:!:1k

Scientific strategies address critical cornponents'ofthe culture program including the production of
broodstock, fry, and smolt. The target number offry to be released has been increased, a strategy
that required an increase in the number of broodstock reared in' cUlture facilities. ,Increased

, pr6duction of broodstock has supported the creation'ofan intenrn'sport fishery for iiön:migratory
. ; .. adult salmon. Broodstock, surphis to tbe program aftec'artificiaI spawning,ha,,;e been tagged,
. released to the river, and made available to 'anglers throu~ a regwated fishery. The fishcry' is linked

to the restoration program, for without it, riverine angling opportunities for salmon would not exist.
The fishery provides· large dividends incIuding economic' support [rom jJermit. sales; a
kno\vledgeable public and political constituency interested in salmon; arid public awarencss of
anadromous fish restoration and watcrshcd rcsourccs. "."

·4
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.The increase in broodstock numbers provides opportunities to experiment with alternative production
scheines for salmon. One such opportunity involves thc release of pre-spawners or ripe fish in
headwater spawning areas. The release ofpre-spa\'mers at river sites yields information about the

<..' quality and quantity of spawning and juvenile reanng habitat; the effccts ofenvironmental factors
",:and human, activities on the survival of large salmon, particularly. in the' headwaters;" änd may
, decrease the dependence on hatchery produced arid distributedjuvenile salmon. Sport fishcry and,

" , ' pre-spawner releases provide high visibility for the restoration program. These releases pIace
, , Atlantic salmon on the spa\\l1ing grounds, within river reaches proximal to urban areas, and where
:~ adult salmon have been absent for weIl over 150 years. ',' ',,'. : '... '
.. ; \ • .. . ~ ... ' .. ',. . :...; ~:lJ -:' ._ ... J': .... .~

.. . .. .
, Hatchery protocols are being refined to achieve' annual fry and smolt production target levels.

•" Production ofthese life stages has been variable, which has limited tbe ability to 'meet target Immbers
, '>: in some years'. 'Additional release sites for fry and alternative release sites for smolts are' identified ,

..-.'---,-" ~:!: to m'aximize-produc"iionand surVival, arid minimize'predaticn: Also: changes iiihätCIlery·piöäuetion----·:-
;1~. fumish smoltsderived not only from sea iiin retUrns, but from progeny ofdonar stocks jvith genetic . '

characteristics thought to b~ weIl suited to the river:-.', ~ ':,,:', ,.': ", ' :::\':,:. ~:: :., ~ '- ': :,!~':~2: .i:J

•

.'

'!!, A large and diverse predator population, 'in conjunction ,~th mairistem dams and an' estuarlne
"··physiographY that concentrates predators and prey;: suggests that predatiori may be 'acutfdIi'the
,e::. Merrimack River. Smoltsofhatchery fry origin fröni theheadwaters~ and h~tchery ~molt rel~ased

in the lower river are likely being afTected. Accoroingly, an initiative will be ,un~ertaken t6 evaluate
, the extent of smolt predation in the estuary and if desirable to design, implement, and evaluate a
predator avoidance conditioning program for hatchery smolt. The initiative'would detennine the
efficacy of the program in enhancing return rates, imd include an evaluation cf mortality of

" downstream migrant smolt of hatchery fry origin. These evaluations are' to be conducted in '
'., cooperation with hydroelectrlc po\ver producers and will require the development of partnerships
, ' to leverage resources i~ implement objectives. ' ~ , " .' "

I ; • ,',....

, A second initiative to mitigate the impacts ofproducti~ninvolves a capture-and-haul program that
, pIaces large numbers ofalewife, Alosa pseudoharrengus, and blueback herring, Alosa aestivalis, at

upriver spav~l1ing sites currently inaccessible due to dams. ' It is antiCipated that stocks will respond,
,\vith°a potential for the numbers of fish to increase by an order ofmagnitude over thrit observed at
counting f'lcilities' in the luSt few years. The achievement ofdesirable resulis has been'demonstrated
in rivers near the Memmack River. Herring should provide an alternate foroge base f01- strijJed bass'
(Ala~one saxatiiis), 'and perhaps limit their predation on 'smolts. Adult herring and siriped bass,
enter the estuary coincident with the arrival ofdO\\11stream migrant smolt. In the Merrirriack River,
herring stocks are depressed, yet strong year cIasses of striped bass are anticipated in the river and
the GulfofMaine for at least five years. Smolt predation by birds mayaiso be significUni as double­
crestcd cormorants (Phalacrocorax auritus) are abundant in the estuary. Thus, the capture-and-haul
program for hcrring provides multiple benefits: it has great jJOtential to mitigate the impacts ofavian
and piseine predation on smolts in the estuary; enhance commercial und recreational angling
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•• ,. '1;': •.opportunities for anadromous fishes; increase visibility of program activities; and de\:elop public
awareness ofrestomtion effo'rts.. -: J\ .

• • r \ • • ~ 1 '. 1, 1-.-.:'

.. ~"~ "', Political strategies are devised to gain economic support for prograrn objectives and center on actions
. ~. ::'io äugmentpublic' v{sibility. 111e broodstock sport fishery is akey eiementinthe'strategy'to'ificrease .

;". 'political and economic support. 'Since its inception in 1993, fishery pennit sales have gro'~\n'[rom
.. : '.930 to 2,035, and dollars expended by anglers haS increased from $66,000 to $217,00Ö: )bese
'::ecorio~icbenefits are sh~ed by business, municipalities and fishery resour:e agencies. AIsö,ä ~ew

., \\'ate'rshed education program caIfed Adopt~A-Sal'mon Fmnily has' been'developedthat- involves'
: ' students and teachers. Students gain an understanding ofth'e bi~logicai and culttrral dyn'iUUicsöfa •

0' , , ' watcrshed by focusing on. anadromous fish restoration. Juvenile sUlmon are raised in the classroom
, " :' .: ,~, I' ~d students leain about '\vater~I-ied resöurc~s'; experienc'e o\~nership ill ih~k \\'ater;hed; ~d d~\:elop
_'_',__~~~ ';' ,,·a.~!~~Mdihip' ethi~ÄIth~ugh iriiffiediiitc'beE_efits-~~y~ be~,?}iit t2.~y~~.t~:~~~>~~9Pt~A:~~~!1_, _._

-.",. ", _.. f':~Family.Programis uniquelypositioned to engage students in the study ofwatershcd djnamics und '
"'4,"+~ •••. ,,~ •• ~ - - __ ••• J •• ~.~ ,.~~ - .._ J, .- .. ...,.- 1 - ~_" __ ....

: -:;' ~ .. ,inf1uence their environmental activities,and attitudes Ostensibly these efforts·will foster. an. "4r~.., _.. ~. - - _ i'""' ~ "' ( ••• J,.. ~ ~ ~ ~ ,,' "''' t.~ ·.., ~.J.~ .._.~'".l\_ .. ".· .,..~~.~.. t

.:' ., ..:. enlightened public and political constituency:' ,,'. ;, ':,; i ,;.;; ;i{:;. ,~';' ,: "'(j'":,, '~i' ,:.,'1' ,.,:.,.;" ~(" '.
•• " .".' ~li"" (. , '0"" J ' . .... 1.~~~.IJ1" ~ .. ...; .P• • .,j, ~·, ......Il ...

,'.
;..
"

..
\.;

~,:. Ongoing activities include informational sessions with'regional political leaders; the distribution of
. :~:~~~~e~ng p~cIa:g~~'~~1~ntei~~i g~<?ups A~~~!i~1~g',apädr()l~~i~ ,~sh_!~~i~~!!<?~'p~og~~s ,~f~~(~ted
'. ';'.; initiatives; news releases' and public serVice aImouncements; and active and concerted 'effort among ,

..J~_. ..~. . ._ .. • ....... ~~ ., ...• ,.". ". . ........ ~. ,<.'. ......... <" ', •. ""'_"~""'~'"

.. ' :,;p'~o~ram.s~f!~_~icula~e progfal?l.goals,' ~trategies an~ obje~tives. i::'/;;'lc' .',: , '. i ...i':.',:; zii
.' ":~:'<J ,l;,"~:~·:l: >(,:.. ;,:..:,~'!',: ,J, .: .... : "1: ';;;:;;~'.: ..:::·:i ::':' '·I .. ,;i';'J.~::;.·.;;;,.i~,::, ... ;.; ;i\~r;:~'(, j'·I.;'::.") :':;

- ) JVI.:, Concluslons"', ,; " 01. 1. ., I ,,; l r 'r" . " ':1' ~';L f'')" " " ••.•• " ,. ," ''"I''" ~!;; ·;;jL~~;~;:t::n:,'1 'I~);j:;::',:, ::: .;'.' : "; '1'" ,'....': ..,..,' :1',''-.';..0 ':,~:,',;:: :::,;,;., ..',·;',·;r, ·:i',~;;,.' ..·;~i~ .':.',. """;i~;; ..
. :,' \Ve be~iev~ it appropriate to continue salrrion r~sto~~onon the river for at least' the next five years, •

;" when objectives and strategies are to be reevaluated.' Fish culture protocols have been refined and
target proc!uction levels are near optimal. Program components are now fully int~grated'and to
immediately abandon or minimize the program is not prudent. \Ve intend to ensure that scientific

;, ,stiategies are weIl founded and strive'to implement socio-economic and political strätegies,that are
innovative and lend support tO,'program objectives. Our .approachto prograin operation can be
described as one ofadaptive management. Achievement and accomplishments are recogruzed and

, setbacks analyzed to develop pragmatic'solutions. ' Interim or short-term strategies have been
" esiablished and 'impletnented, the results of which areio be used to de\;elop further act:on. The

prograrn is dynamic which ensures fIexibility to alter or revise strategies based on new and additional
information.' .

Givcri accomplishments to date, we must nO\v challenge the public, program constituents, and
\vatc'rshed resour~e stakeholders to assist ir~ identifyi~g thc' measun~ment of restoration success.
Measurir.,3: success will requirc a candid portrayaI of expectaticins arid agreement on whether

'program re~uIts are scientifically;economically,-and 'politically acceptable.
• • I','< '..;'
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Figure 1. Merrimack River in relation to other

important rivers in New England.
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Table 1. Projected and observed Atlantic salmon returns to tbe Merrimack River, 1989
tbrough 1996.

Year Projected Number of Observed Number of
Adults Returning to the Adults that Retumed to the

River River

1989 142 84

1990 255 248

1991 707 332

1992 892 199 -"-"--

1993 1,012 61
_._------~ ..•

1994 1,050 21

1995 1,283 34

1996 2,450 70·

I Returns include only fish observed through August.
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Table 2. Total Atlantic salmon returns to the Mcrrimack Rh'cr, 1982 through 1996.

Ycar Number of Adults that Rcturncd to thc
River

1982 23

1983 114

1984 115

1985 213

1986 103

1987 139

1988 65

1989 84

1990 -. 248

1991 332

1992 199

1993 61

1994 21
.. ,

- • 1995 34•
1996 _._..~-- 70·

Total 1,821

I Retu...-ns include only fish observed through August.
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Tahle 3. Rates of return for Atlantic salmon of l\1errimack Rinr origin.

Release Numher of AduIts Returncd / Number of AduIts Rcturncd /
-- Year Fry Relcascd 1,000 Fr)' SmoIts 1,000 SmoIts

in Rclcascd Rclcascd in Rcleased
1,000s 1,000s

1978 106.1 0.17 47.2 No Infonnation

1979 76.9 0.56 39.7 No Infonnation
---

1980 125.5 0.34 31.0 0.65

1981 57.0 1.42 100.9 0.56

1982 50.0 0.96 71.0 0.37

1983 8.4 2.74 -109.9 1.42

1984 525.5 0.09 68.2 0.54
-~.. -.---- -----_ .. - .•.~- - -- -~- -- - --. - , . __._-- ,---

0.55
--._. +- ._-----_._-.-

1985 148.4 0.40 189.3

1986- 524.6 0.21 104.0 0.22

1987 1,078.3 0.26 141.6 0.19

1988 1,717.8 0.06 94.4 1.21

1989 1,033.5 0.04 58.6 1.38

1990 975.2 0.02 116.9 0.58.
0.01 11991 1,458.3 120.1 -- ~--_... --- 0.37_______.__

1992 1,117.5 0.01 I 96.4 0,48

I Lire cycle not complete.

~)


