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I. Introduction and Background o | R S

-, The first work relating to recent anadromous fish restoration efforts for the Merrimack River began
(=4 in 1963. Based on this work, Newell and Nowell (1963) reported that excellent potentral for salmon
S restoratron exrsted wrthm the upper reaches of the watershed, an area located in the State of New

Hampshrre They 1dent1ﬁed obstacles to restorahon as'dams located on the mainstem of the river
and major tributaries. Bridges and Oatis (1 969) concluded that the lower portion of the watershed .
located within the State of Massachusetts did not contain Atlantic salmon (Salmo salar) spawning

*’ . or nursery habitat. These early surveys documented migration and habitat constraints associated
- "with the restoration of salmon in the river. Thus it was known at the inception of the anadromous
. fish restoration program that salmon returning to the river would encounter obstacles while transiting

......

- comprehensrve descrxpnon of the program L.
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"‘Anadromous fish restoratron commenced on a ‘formal basrs in 1969 when the ﬁshery agencies of
- Massachusetts and New Hampshrre and two federal fisheries agencies, the U.S. Fish and Wildlife
“Service and National Marine Fisheries Servrce, mutually agreed to support a fisheries program for
7" the river.- A thxrd federal agency, the U.S. Forest Service joined the effort in 1982." Today,

waters in Massachuseits and New Hampshire, and traveling a total of 241 river kilometers (rkm) to
spawnmg and nursery areas. ; : .o
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anadromous fish restoration is a multi-agency, cooperatrve effort, and the Strategic Plan and Status’
Review, Anadromous Fish Restoration Program Memmack River (in draft 1996) provrdes a
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o The umque salmon stock that had evolved in the river was extrrpated in the 18005 As aresult, state
.. and federal hatcheries have focused on producmg Juvemle life stages from donor stocks. Initially,

hatcheries produced fry, parr, and smolt for release, but the program has since been modified to
empbhasize fry and smolt producuon Releases from 1975 through 1996 totaled approximately 17.7

" million fry, 0.8 million parr, and 1.8 million smolt. Annual fry and smolt release totals have varied

- -greatly among years: 8,000 - 2,900,000 fry (z - 821 000), and 2, 100 - 189, 000 smolts ( % = 80,000).

“basin and it is anticipated that adult sea run salmon will have access to approxrmately 65% of this
habitat some time in the future.” Spawning stock escapement for fu]l or complete restoratxon has been -
, estrmated at 1,400 multl-sea winter (MSW) females. - R

Upstream fish passage development is based on stock abundance of salmon and other anadromous
fishes, notably American shad (4losa sapzdzsszma) and herring (4losa spp). Upstream passage

..+ Atotal of 64,900 units (1 unit =100 m? ) of salmon nursery habrtat has been quantlﬁed within the *

", facilities at key mainstem dams are functional, yet work continues to improve efficiency and

effectiveness. Efforts have been undem ay to provide both hatchery fry origin smolt and hatchery
smolt safe downstream passage. In some cases, excellent fish passage faellmes have been provided
at dams, but in most cases passage routes have not been adequate to



3

Qe | CM 1996/T:8

P T L - 7
AHNS VSR ER N SHTH doijoning et

et

ensure safe and efﬁcient passage.

n.-». Salmon returning to the nver are captured at the first dam and transported to a holding facility, where
- n(,wheld until eggs are taken. -The facility has a capacity of 300 salmon and when exceeded additional "
soviishare transported to the spawning grounds and released. Since the inception of the program, there
i has been only one occasion when the known number of returmng ﬁsh exceeded 300.;In 1991, 332
b- = salmon were known to have retumed to the river. [+, Sn) ;«, s puniie ,: BT RIULY
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SRR '«I\nown adult returns to the river for the period 1982 through August of 1996 totaled 1,821 ﬁsh (226
“ '. 20 gnlse 1,552 two-sea-winter salmon, 37, three-sea-winter salmon, and 6 repeat ‘spawners). - Adults
" enirof hatchery fry stocking origin composed 52% of the returns, whereas 3% were from hatchery parr ‘
0t releases and 45% from hatchery, smolt releases. , i ;mﬁ v Los e hdentinia ol 215
I RIS ulr‘ urtiire b nnuu:uu L e T
: The program requrres six million eggs annually to sustam ﬁsh culture needs. With 300 séa run adult -

to 5 ﬁsh the projected egg take approaches 1.5 rmlhon eggs 5% less than that required for the program.
o _‘5-‘."‘5 1 +To overcome the egg deﬁcrt, a broodstock rearing program has been established, Broodstock, reared -
‘. AR wtthm the hatchery system, are first generation salmon produced from'sea run eggs., Broodstock V
o o f ’ : il become surplus to the program after artlﬁcml spawmng, and first generatxon year-classes are reared‘-.
S ueto supplement the spawmng CYCI% SVHIETaGTO 01925 -itlum = 21 notielnon dail evatnorhirs ;
T U anhiveg (OO P 0l i oerd e o 1A 01 "~x:t,::> as] i eromsihoal ovaid

Smce 1993, surplus broodstock have been re-condmoned in  the hatchery and these post-spawners

have been released in the main stem of the river to prov1de angling opportunities. To dlstrngursh,
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Y them from sea run salmon, they aré marked thh disc tags. ; It is intended that this interim release- -
' “;;.} program be phased out as the number of s sea run returns mcreases suff crently to provxde comparable .
. . ¢t Langling opportumtles ranian i e .:tz:,eff.':::e'i_ 3-:3:,-77::; Buis rise el Brsulrg o ol L
'xu" o Y '.’ \ilftrr' s RS Coe i J;’ dn l:ﬁ',"!"ll Y )! r 1t S enia STy i ut\"'m y! l.c T 'u e r)‘ e v:m'{t-nc

‘:;' Begmmnt7 in- 1994 small numbers of pre—spawner broodstock were, released on the. spawmng _

" rix grounds in the headwaters to determme the efficacy of their use in enhancmg productxon of j uvemle ‘
;; salmon. , Though the results have been mconcluswe, the uutlatrve is expected to contmue through
the remamderoftlus Century . D A N LT .
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II Merrlmack Rlver Basm Descrlptlon B e

' .+ The 12,975 km? watershed (Figure 1) consists of densely populated metropolitan areas in the lower
reaches to mountamous rural commumtles in the headwaters. The mainstem of the river is formed

by the joining of the Pemxgewasset River and the: Wmmpesaukee River. - From the extreme
headwaters to the ocean, the river covers approximately 291 km. The Merrimack River has an

average annual flow of approxxmately 2,240 m’/second at the mouth of the river, with extreme
fluctuations occurring among the seasons and within a ngen month. - .

As recently as the 1960s, the river was among the ten most polluted in the United States. Today,
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largely as a result of the construction of municipal 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 hydroelectnc Idams' wlrereas the mainstem of the

., Pemrgewasset River has two hydroelectric dams and an open flood control structure. The tributary

vt
e &

system contains more than 100 dams, some utilized for power producuon and others provrdmg only
water control Upstream fish passage facilities exist at the first three dams on the river and at three

" dams on two lower river tnbutanes Downstream fish passage facrhtres of some conﬁguratlon exist
G at all ofthe 1mportant dams T

" e w

Dunng the last 300 years approxrmately 20 new ﬁsh specres have colomzed the nver Recreauonally
important species include largemouth and smallmouth bass (Micropterus spp.), northern pike (Esox
lucius), walleye (Sttzoste dion vrtreum) carp (Cyprmus carpzo) rambow trout (Oncorh}ncus mykzss),

goldfish (Carasszus auratus). Today, the watershed supports approxrmately 50 specres of ﬁsh mne

U e T

of which are anadromous (Stolte 1982). . .orwel o Teic Ll b st i

i III Historical Perspectlve _;z"- ; AT - P S A VL
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noe Colomal records (Farmer and Moore 1822 Whrton 1845 thtle 1888 Lrverrnore and Putnam 1888

.. anadromous fish were not adverse, since spawning and nursery habitats remarned accessible and -

..and Musgrove .1904) indicate that salmon frequented -the Merrimack River and many. of its

tributarfes. They also indicated that the Pemigewasset River contained the principal salmon

spawning and juvenile production areas. Followmg colonization of the watershed by the English - ----

in the 1600s, and until the late 1700s, anadromous fish resources remained abundant. Development
of the river by colomsts focused on the lower tributaries. The affects of this development cn

unaffected. However, by the middle of the 19th century manufactunng along the nver had grown
tremendously e : _ N

~_The river and its ﬁshery resources were soon affected by pollutron resultrng from human populatron

increases and development in the lower watershed. Runs of anadromous fish declined during the
period of raprd industrial dev elopment within the watershed (Stolte 1981). Salmon stocks were

~ acutely affected in 1847 when the Essex Dam in Lawrence, MA was constwcted without fish
* .passage at rkm’ 48. By the mid-1850s, salmon ceased to enter the river ‘and Amencan shad and
herring stocks were only remnants of therr former levels. .

In 1866, salmon restoratlon was attempted in the watershed. Initially, eggs were obtained from
Canada and the State of Maine. The effort was abandoned in 1896 due to fish passage problems.
However, during that 30 year period, a fish hatchery was constructed; approximately 6.3 million

. salmon fry were released into the watershed; five fish passage facilities were constructed; 839 adults

were counted passing upstream through the fish passage facility at Lawrence, MA; and
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vk <438 adultsWere.captured in the headwaters. ;- .- v ity oo ot Yo siees o s vivg s
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IV. The Prc.sent Scttmg _
ool o i il P BRIt ,t SHNY Ll and wevis b
' '1~'~The Atlantrc salmon restoratxon program for the Memmack Rtver is now 1n its'most critical and
ylar precarious posrtlon since ‘inception. ¥ Eno (1995) an ardent supporter ‘of * Atlantic- salmon’
,v‘ 7mJconservatron , when speakmg of the entire Atlantrc salmon program ‘within New England stated "The
7 Key issuethat you must grasp is that Atlantic salmon conservatron efforts for the last 20 years have
been a failure. The issue is: To date we have failed. You may choose the acdjective depending on-
o “your humor; "spectacular" failure, if you're of sardomc mind; "miserable" failure, if you are of dour. ‘
e - dispositior.” =5 : ‘ 1‘3{3 crealodsrmimGe -
semn U et e oo i ol: l\t‘t"‘;t“*l —n.«': um«lzz va*l\ls" LIty
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T “his ‘1) pubhc perceptron ‘and expectatron 2) program accomplrshments 3) the salmon constrtuency, and .
[ -'“*f’ 4)’ polmcal “climaté.* We believe, in the’ context ‘of publrc expectatton one ‘that fishery'1 resource .

| SUSPNIRG IS Jhd U L s DA -

Rt e agencres played arole in developing, that the program 1 has been'a fallure FOLNE TSNS GG

Salmon stocks have not responded to management initiati\'}es.i'Some“ac’eomplishme'n'té have been-
B . si gmﬁcant in that donor stocks have been identified, an mfra-structure established to meet life stage
o ‘nuk producnon targets,,and qualxty habitat ‘reclaimed via- ﬁsh passage. Fi Marntenance of:a: strong
' - ) et constrtuency has stalled perhaps due to false expectations.: Polrtrcal support is wavering as economic
1567 constraints requrre greater scrutiny of, benefits garned for. monetary resources expended. IR H
TR et pd Brdtamtsa sl Y0 naflizinolos wariolis® fess nsitsnb i 2lins /i Bua gelawsos
SR “,z:::*::'-:r.‘:,:'. Uannhida bamnmnr s Pubhc Perccptmn and Expectanon AR hon -!‘Q‘l ~d
"f‘ DI mntorsh s -') N ‘;:;;~; TSR k4 r;:‘ Teit **"“l 'm i gvnx"t /i 1 :.,.-_'.:. 'u 1° 117 =1, ' 'ir_r .
~ baz:In the early years of program development administrators provided the public.with mformatron .
- rve related to adultreturns from anticipated smolt and fry stocking initiatives.; A’ planning document
‘prepared in 1982 (Stolte- 1982) contained a wild smolt production estimate of:103,000 fish and
) expected adult returns of 1,820, annually.. No timetable for achieving the numbers was reported.
Co A revised" document (Memmack River Polrcy and Technical Committees : 1985) contained adult
<" return estimates that ranged from 142 in 1989 to a total of 2,450 in 1996. -An Environmental Impact
s Statement (United States F 1sh and Wildlife Service: 1989) contained language stating that for the
"7 period’ 1989-1996, the average'adult return to the river would be'1,170 fish: : Return estimates
.~ provided to the public and the actual number observed are tabulated in Table 1. Clearly the prolected
number of homewater returns has not been achieved nor public expectation satisfied. :

"~

s
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< Results of the I’reSent Atlantic Salmon Restoration Program ‘

Although the program has many components one aspect most often addressed centers on the
number of salmon retummg to the river. Total returns to the river now number 1,821 (Table 2).
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Annual returns have vaned fromalowof2]toa hrgh of 332, yet have remained comparatively ™~
lowforthelastﬁveyears S AN T

The return rates are tabulated m  Table 3 and it is noted that they vary greatly among years. No trend
e, is apparent with respect to rates of return for hatchery smolt origin salmon thh the exception that
- they are low.. The rates of retum of hatchery fry orlcm salmon have declmed srgmﬁcantly from

those of prevrous years C o :

R IR

4

‘ __" :Hypotheses have been offered to explam low and declrmno rates of retum Smolt Iosses may be high
. at, hydroelectnc facrlltres stock genetrcs may be poorly surted to the nver predation on salmon

.....

" smolts may be lugh m the lovxer rrver and present ocean condrttons may lrmlt post smolt survrval

PRSI SN .

The Salmon Constrtuency

"'(.)' '-r. o ;T : v r“ MRS TSN ¢ 1 A“ \';‘: PO F E N A
Constltuency groups for salmon restoratlon mclude pnvate sector orgamzatxons such as Trout .

tttttt

R

o competrtron for funds and membershrp and leaderslup posmons Programmatlc mvolvement is
e usually drrected at only those i rssues of i unportance to therr respectlve memberslups One pamcular

...........

However because ‘of unreahzed expectatlons whrch lead to a general Iack of mterest by the
membershrp, the organization was disbanded. A T

AAAAAA
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;i No _dr_rect sport ﬁshmg constltuency for sea nim salmon currently exists smce salmon numbers are
. lowand directed angling is not perrmtted .An unorgamzed sport_ ﬁshmg constrtuency related to the
. domestic broodstock fishery in the iver's mainstem has grown SIgmﬁcantly inthe last few years and
s now an extremely vocal and supportive” group The growth of the latter is related dlrectly to the
" number ‘of domestic broodstock rzleased into the river and the angling success that has occurred. |

This has been fully described by Greenwood and Stolte (1996) and McKeon and Stolte (1993)

-

The Polmcal Clrmate » N

E

“F

- At one trme salmon réstoration was directly supported at the Congressronal level of the Umted States
gov emment However, leadership and interest in salmon restoration is now lacking (Baum, et. al.
1995). ‘This waning leadershrp and mterest 1s perhaps drrectly related to the lack of posmve program

results.

- In addition to the general lack of interest, federal as well as state agencies are being restructured and
staffs reduced. This, coupled with budget reductions at the federal and state lev els equates
to fewer dollars available for salmon restoration. : . .

POTp—— e e
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o : ' ‘V “The Future ofAtlantlc S‘tlmon in the Merrlmack Rrver ‘f, e ‘ 2 ‘j(,

. Current low rates of homewater returns denote a lack of program success. This aspect and

L

R e wavermg pubhc and political support have mcreased the challenges assocrated wrth ‘the restoratxonlj )

e . "‘v

RO st .of extrrpated salmon stocks. Favorable rates of return observed in the prevrous decade for the’

e Srevbe

factors are reducing stock abundance. Credible hypotheses profess that an increase in the abundance

|

l - Merrimack River and other New England salmon restoration nvers suggest that new and complex -
- o

l

3% marine envrronment may be adversely affectlng salmon abundance and hmmng restoration : success

rrey Sieser ey Y

“The processes occurnng in the marine envrronment are now better deﬁned and although predator

!‘ll’

- ~"" prey interactions ‘are not well understood, scientists remain opumrstrc that restoration is possxble for‘ .

SR the Merrimack River, albeit on a reduced scale than previously ant1c1pated o
. Lo ... ERT ;'3 ltuﬂn RN PR Jf!l o Rt

pessae e e

:, of predators that prey on salmon, and the effects of 1nterrn1ttent biotic arid abiotic factors in the -

. .
e e - P U -

...................

) & “ﬁ" '?‘ i to 1dent1fy and 1mplement strategxes that reﬂect a plulosophy not narrowly focused on expectatlons' :
A CIREL iy “of large numbers of salmon returmng to the river in the near tenn Program mmatlves 1ncorporate T
ERRI *ﬁ‘»: ~ *“altérnative screntrﬁc strategtes promote a stewardshxp ethic; provrde an understandmg of watershed v

- r are
A Y

PR e A BT R - seracer”
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% TS An abbreviated description of, sclentrﬁc, soc1o-econormc, and polmcal strategles is presented here R

P Lo e R T s T oY N T 3K

: ?5’ R but they are outhned in greater detail i xn a plan to be available for pubhc revrew and comment 'Ihe

. -v.l!
Ky
o

\J.llq

_f — i “”mtended that ‘soliciting” comment from the pubhc and mvolvmg water'resource users'in-plan

development will promote a watershed stewardshrp ethtc among users ‘Such actron uevelops a -

~ bl e

= ‘, constrtuency w1th reahstrc expectatrons of the outcome of program actxons and mltrattves H

Loy SR oToee et

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

adult salmon. Broodstock, surplus to the program after artxﬁcral spawning, . haveé béen tagged,
released to the river, and made available to anglers through a regulated fishery. The fishery is linked
to the restoration program, for without it, riverine angling opportunities for salmon would not exist.
The fishery provides- large dividends including economic- support from pemut sales; a
knowledg=able public and political constituency interested in salmon; and publxc a\xareness of
anadromous fish restoration and watershed resources.

Fa_ced wrth these increased challenges we believe it necessary to alter the focus of the restoratron*';":*"_ )
program to ensure that the acluevement of short term Obj»CthCS and goals are recogmzed and' :

productron potentlal ‘and emphasize the benefits to be denved from' wrse use of watershed resources =

plan identifies actions to be taken and strategres to be 1mplemented within thc next ﬁve years Itis

** production of broodstock has supported the creation of an intérim sport fishery for non-migratory
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_The increase in broodstock numbers provides opportunities to experiment with alternative production
schemes for salmon. One such opportunity involves the release of pre-spawners or ripe fish in
headwater spawning areas. The release of pre-spawners at river sites yields information about the

. qualrty and quantity of spawning and juvenile rearing habitat; the effects of environmental factors

»

:and human activities on the survival of large salmon, partlcularly in the headwaters; and may

. decrease the dependence on hatchery produced and distributed juvenile salmon.. Sport fishery and.

"pre-spawner releases provide high visibility for the restoration program. These releases place
. Atlantic salmon on the spawning grounds within river reaches prox1mal to urban areas and where
- adult salmon have been absent for well over 150 years L . S e o

QH . :- . . LU et LY

Hatchery protocols are bemg reﬁned to achleve annual fry and smolt productlon target levels.
Productron of these life stages has been variable, which has limited the abrlrty to meet target numbers
1n some years 'Additional release sites for fry and alternative release sites for smolts are identified

* furnish smolts derived not only from sea run returns, but from progeny of donor stocks with | genetxc

characteristics thought to be well suited to the river: -7+ =0 W77 - LoD

“ A large and diverse predator population, in conJunctron with mainstem dams and an’ estuanne
physxography that concentrates predators and prey,’ suggests that predatlon may be’ acute'in the

- Merrimack River.. Smolts of hatchery fry origin from the headwaters, and hatchery smolt released

in the lower river are likely being affected. Accordmgly, an initiative wrll be undertaken to evaluate
_the extent of smolt predation in the estuary and if desirable to design, rmplement and cvaluate a

~+*:10 maximize production and survival, and mmlmrze predatron Also, changes in hatchery productlon )

predator avoidance conditioning program for hatchery smolt. The initiative would determine the
efficacy of the program in enhancing return rates, and include an evaluation of mortality of _

~ downstream migrant smolt of hatchery fry origin. These evaluatrons are'to be conducted in
cooperatlon with hydroelectnc power producers and W111 requxre the development of partnershrps
“to Ieverage resources to implement objectrves R : IR ST e

. - l' : - he T,

A second 1n1t1at1ve to mitigate the impacts of productron mvolves a capture-and-haul program that
places large numbers of alewife, Alosa pseudoharrengus, and blueback herring, Alosa aestivalis, at
_ upriver spawning sites currently inaccessible due to dams. Itis antlcrpated that stocks will respond,
witha potentral for the numbers of fish to increase by an order of magmtude over that observed at
countmg facrhtres in the last few years. The achievement of desirable results has been demonstrated

in rivers near the Merrimack River. Herring should provide an alternate forage base for stnped bass-

- (Marone saxatzlzs) “and perhaps limit their predation on 'smolts. Adult herring and striped bass,

enter the estuary coincident with the arrival of downstream migrant smolt. In the Merrimack River,

~ herring stocks are depressed, yet strong year classes of striped bass are anticipated in the river and
the Gulf of Maine for at least five years. Smolt predation by birds may also be significant as double-

crested cormorants (Phalacrocorax auritus) are abundant in the estuary. Thus, the capture-and haul
program for hemng provides multlple benefits: it has great potential to mmgate the impacts of avian

and piscine predation on smolts in the estuary; enhance commercial and recreational anglmg
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...opportunities for anadromous ﬁshes increase v1srb111ty of program actrvmes and develop pubhc

; Tarod o /_ N
l|\

Polmcal strategxes are devxsed to gam economlc support for program Ob_]CCllVeS and center on acuons o

to augment public vrsrblhty The broodstock sport ﬁshery is a key element in the strategy to increase
I pohttcal and economic support. Since its mceptron in 1993, fishery permit sales have grown from
-..930 to 2 033, and dollars expended by anglers has mcreased from $66, OOO to $217 000 These

watershed education program called Adopt A Salmon Famlly has been developed that 1nvolves

students and teachers. Students gain an understandmg of the bxologrcal and cultural dynamxcs of a .

. watershed by focusing on anadromous fish restoration. Juvenile salmon are raised in the classroom

“ a1, and students learn about watershed resources; experier.ce ownerslup in thetr Wi atershed and de\ elop

-a stewardslup ethic. Although immediate benefits may be difficult to evaluate the Adopt-A-Salmon

3
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Farmly Program is uniquely positioned to engage students in ! the study of watershed | dynamics and

, 1nfluence their env1ronmental actlvxtxes and, attxtudes Ostens1b1y these efforts wﬂl foster an
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o i We beheve it appropnate to contmue salmon restoration on 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 production levels are near optimal. Program components are now fully int=grated ‘and to

xmmedxately abandon or minimize the program is not prudent. We intend to ensure that scientific

.strategxes are well founded and stnve to implement socio-economic and polttrcal strategles that are
innovative and lend support to program objectxves Our .approach to program operation can be

" described as one of adaptive management. Achievement and aecomphshments are recognized and
" setbacks analyzed to develop pragmatic solutxons Intenm or short-term strategies have been
- estabhshed and 1mplernented the results of which are to be used to dev elop further action. The -

: program is dynamrc whxch ensures ﬂex1b1hty to alter or rev1se strategxes based onnew and addmonal

mformatron ' . ‘ A

Grven accomphshments to date, we must now challenge the pubhc program constituents, and

watershed resource stakeholders to assist in identifying the measurement of restoration success.
M‘\/Ieasurxrv success will require a candid portra\al of expectations and agreement on whether
" program resulits are scientifically, econonucall\ and pohtlcallv acceptable ‘

[ -
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Table 1. Projected and observed Atlantic salmon returns to the Merrimack River, 1989

through 1996.

Year Projected Number of Observed Number of

Adults Returning to the Adults that Returned to the
River River

1989 142 84

1990 255 248

1991 707 332

1992 892 199

1993 1,012 61

1994 1,050 T2

1995 1,283 34

1996 2,450 70!

! Returns include only fish observed through August.




Table 2. Total Atlantic salmon returns to the Merrimack River, 1982 through 1996.

Year  Number of Adults that Returned to the

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

! Returns include only fish observed through August.



>

Table 3. Rates of retu

rn for Atlantic salmon of Merrimack River origin.

Release | Number of | Adults Returned /| Number of | Adults Returned /
"~ Year Fry Released 1,000 i'ry Smolts 1,000 Smolts
in Released Released in Released
1,000s 1,000s
1978 106.1 0.17 47.2 No Information
1979 76.9 0.56 39.7 No Information
1980 125.5 0.34 31.0 0.65
1981 57.0 1.42 100.9 0.56
1982 50.0 0.96 71.0 037
1983 8.4 2.74 .109.9 1.42
1984 525.5 0.09 68.2 0.54
1985 1484 | 040 | 1893 T 7055
1986 524.6 021 104.0 0.22
1987 1,078.3 0.26 141.6 0.19
1988 1,717.8 0.06 944 121
1989 1,033.5 0.04 58.6 1.38
1990 975.2 0.02 1169 0.58
1991 1,458.3 0.01! 120.1 037
1992 1,117.5 0.01° 96.4 0.48

! Life cycle not complete.
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