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F0REI^¡0RD

Efforts to restore Lhe sea-run Atlantic salmon in New England are

focused principally on the Penobscot' Connectlcut, and Merri¡uack rlver

systems. The Penobscot and Connecticut were deslgnated as ModeL Rivers

for salmon restoration a decade ago, and the Progress made refLects

increasing investment and effort by prlvate organf,zations, the StaLes'

and agencj.es of the federal governuent. At present, speci-alists in

research, culture, and managemeriË of AtLantle salmon are invoLved on

each of the rlver systems

The Penobscot, Connecticut, and Merrlmaek rivers have been greatly

altered by manrs activiËies sínce coLonial limes. IË is iurpossible, of

course, to return the rivers to pristine conditlons, but thei'r l-ong-ter-m

degradatíon may be revetsed sufficiently Ëo PermLt restoratlon of self-

perpetuating populatlons of salmon in some of the former range.

Although the three river sysLems are not f.ar apart geographÍcal'ly,

they d.o differ sharply in their basic phy.slcal and chemical charactells-

tics and in the nature and degree of degradation suffered through manrs

actívities. In their presen¡ condition, lhe Penobscot, Connecticut and

Merrinack also díffer gfeatly from rivers in eastern Canada and northern'

Europe where Atlantic salmon stjll maintaín na¡ural populations' Salmon

interests have considerd ft important, Lhereforer Ço characterize the

physical, cheuieal, and biological, condftj.ons of the Penobscot'

ConnectlcuË, and Merrimack to access their potenËials for salmon restorâ-

tÍon and to detect factors r¡hich rnay work for or agalnst the fish' In

Èhls connection, the II.S. Fish and Wi1d1lfe Servlee awarded a three-year

research conttact to fhe University of Maine at Orono for a biological

ti
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the biologists w'ished Ëo compare the results of fry stocking ín the

MaÈtawankeag wlth resuLts of concurrent fry stockings in the upper trf-

butarfes of the ConnectÍcut and MerrÍmack rivers.

A further complication to the, survey arose in the sprlng af L976

when State-federal efforts t,o suppress a wídespread spruce budwotm

infestatlofi by aerlal application of insectlcide were extended to

portions of the Matrtawamkeag drainage basin. The U.S. Fish and l,Illdlife

Service awarded suall addi.tÍonal funding Eo the University of Maine to

expand the Mattawamkeag survey to include observaÈi.ons on Ëhe effect

of the budv,¡orr inseeti.clde oo brook trout' landLocked salmon, and

sLrear¡t invertebrates.

In the first of the fo11owÍng reports, Princlpal Investigator

Philip t{ulbert presents the findíngs of the three-year survey of ehe

Mattawankeag River. In the second report, Mf. ilulbert presents data

collected prior to and folJ-owing the applicat,Íoû of the insectÍcide

SEVIN to supprêss the spruce budwom in the Mattawankeag drainage area.

It should be apparent to the reader that the followlng rePorts are

not the l-ast words on the status of the Mattar,Tamkeag as a candidate for

restotatlon of sea-run Atlantíc salmon. The survey represenËs a major

and important steP, but only a st,ep, in the J.engthy and continuing pro-

cess of evaluating a riverts pot,entiaL for supporting restored populatlons

of the very fastidlous salmon. The ínvestigators bel-ieve that the

contÍnuíng evaluation must be funded and accomplished lest the problems

of restoring sea-run salmon be over-sinplifled in the eyes of adminis-

trators, nanagers, and the publíc.

Robert E. Lennon
Contract Project Officer
U.S. Fish and ![tld].1fe Service
Decenber 1977
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ABSTRACT

Astudytoinvestigatelimitat'ionsontherestoration

of Atlantic salmon (Salmo salar) in the Mattawamkeag River'

Maine, \¡ras conducted from Lg74 to Lg77 . Physical character-

istics such as vrat,er temperatl¡re, discharge, and habit'at type

were examined. Selected water quality Parameters were non-

itored regularly. Biological investigations centered on

relativeabundanceandlengthfreguencydistlíbutionsof

resident fish species, performance of hatchery-reared salmon

parr stocked int,o t'he Matta$'am*:.n drainage l and qualitative

assessments of macroinvertebrate populations in selected areas

of the drainage-

Suitablephysica].habítatforJuvenilesa].mon\â'as

linited; most of the main stem consist,ed of flat water and

deep pool habitat,s. Several of the larqer tribut'aries con-

tained abundant areas of favorable Physical habitat.

water quality was acceptable f,or salmon survival

throughout t,he lotic areas of the Mattar^Iamkeag drainage '

summer v¡ater temperatures were unfavorable for Juvenile

salmon during parts of two years and reached nearly lethal

levels f,or several days in Lg75. Iligh water temperatures and

the low water leveLs associated with drought conditions in

LgTS,aPParent'lyreducedsurvivalofhatchery-rearedsalmon

ParrstockedintotheMattawamkeagRiversystem.Abundant'

populations of chai.n pj-ckerel (Esox, níger), smallmouth bass

MicroPterus dolomíeui) , and American eel (AnsuilLa rostrata )
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should li¡nit production of Juvenile salmon. The migration

and sport fishery harvest of adult salnon may be adversely

affected by high water temPeratures in the Mattawankeag River'

ThecombinatlonofbioJ'ogicalandphysicallínlting

factors indicate the Matta$tamkeag River will be a marginal

habitatfortherestorationof,Atlant'icsal¡non

ç
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INTRODUCTION

The u.s. Fish and !{íLdtife service awarded Research

cont,ract No. 14-16-0008-842 Eo the MÍgrat'ory Fish Research

Institute, unÍversity of Maine at orono, in L974 for a three-

year study on the physical, chemical, and biotogical factors

bearing on the restoratíon of Atlantic salmon (lal¡no g-*¡es-)

in the Mattawamkeag Ríver, Penobscot Ríver system in Maine '

Field research began on July 8, Lg74 and ended on November

20, Lg76. The results of t,he study are Presented in this

final regort.

Many individuals from various organizatíons assisted me

during t,he study, and I am grateful to them' In partícular'

I wish to acknowledge assistance receíved from personnel of

the; u.s. Fish and lfiLdLife service, Maine cooperative Fish-

ery Research unit,, Maine DePartment of Inland Fisheries and

wild.Life, Maine Department of Environmental Protection, Maine

Forest Service, and the Maine AtLantíc sea-Run salmon Com-

missíon. The following research assistants were employed

part-ti.me on the project; Brian TarboxrEdward spear, Gary

poisson, Joan Trial, Bruce Grantham, charles Peters, and

Linda Rowell. In addiÈion, valuable assistance was províded

by George Mccabe and Donald vlilliamson during the L975 field

season.

Hist,orical background

The penobscot River, the largest river in Mainer has four
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majorsub-drainages;thePiscat'aquisRiver't,heMattawamkeag

Ríver,thewestBranchPenobscot,andtheEastBranchPenob-

scot. Ifistoricatly, the Penobscot and its sub-drainages sup-

portedanadromousAt].anticsa].mon,andcommercialcatchesin

the lower main stream ranged up to 15'OO0 salmon per year

(Cutting1963)'Today,thePenobscotandthePiscataquisand

Mattawamkeagqub-drainagesaredesignatedasaModelRiver

for atlantic Sal:non Restoration (Everhart and Cutting f968) '

ÍheMattawamkeagRiver(FÍgurest-3)waschosenforthis

study because of a specific request by the Maine DePartment

of Inland Fisheries and Wildlife' The Mattavtamkeag has a

lowgradient(apProximatelyo.lÈ),relativelywarm\^'ater,and

extensíveflat$'aterateas.Themainstemoft'heMattal,ramkeag

RiverisT4kmtongrandtheEastand!'restBranchesofthe

Matta!'¡amkeagaad62.5and49.3kmIong'respect,ivety.TableL'

modifiedfromFendersonandAuClair(1956)'presentsseveral

wat,ershedcharacteristicsoftheMattal¡'amkeagRiverin

relationtotheothermaJortributarj-estothePenobscot

River. Other characteristícs appeaÍ in Flgures 4-7 '

The Mattarrramkeag River was reported to contain 20t of

thetotalspawningandnulseryateainthePenobscotsyst'em

(Cutting1963)'Est'inratesoft'hesizeofformersalmonruns

in the Mattardamkeag are not, available, but t,he Mattat¡¡amkeag

salmonrunsprobably.paralJ.eledthoseinotherpartsofthe

Penobscot sYstem'

Tr¡ro predat,ory species, ttre chain pickereL Eg1¡l niger)

and the smallmouth bass (M icrop te rus dolomi eui) were intro-
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rabLe 1 !'latershed characteristics of naJor Penobscot River
tributaries.

Stream discharge
River Drainage

area
hectares

Lake
area

hectares

S tati.on Average
ilailv
m',/sec

Minimum
daily

rn3lseó

P enobs co t,

West Br. Penob.

East, Br. Penob.

P is cataqui s

Mat,tawamkeag

Passadumkeag

3 ,140

850

445

607

615

159

100,539

43,356

16 ,170

15,598

L0,376

I, L48

tlest Enfield, 334 46 .2

49 .6

55 2.2

67 I

7A I

L4 1

Medway

Grindstone

Medford

Mattalüamkeag

Lowel1

2

I

0
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Figure4:MattawamkeagR.iver^Drainage0eneralsoilsMap
tor t'f'ã Þeñóuscot County Area' Maine

Soil Associatìons

Bangor-Di xmont-Thorndi ke associ ati on :

Süñt and stone-cl eared, deep to shal I ow

sl aty soi I s of the uPl ands '

Bangor-Howl and-Pl ai sted associ ation:
ffiñi .nã uione-cleared, deeP mainlY

;üïi ióilt of the uPlands; some have

a comPact laYer.

Hermon-Pl aisted assocìatìon:, Stony

uñà iton"-cleared, deep mainly qranitic
soils of the uPlands.

Monarda-Burnham-Di xmont assocì ati on :

hËi, ãã*iñ.niiv verv stonv soils of the

upl ands .

Pl ai sted-Thsrnd'i ke-Howl and associ ati on :

!iäÅu-ãñ¿ 1edsv, ãeep to shal.1ow ' srani ti c

and 
-sl 

atY so'il s of the uP I ands '

Canaan-Thorndi ke-Hermon-Pl ai sted assoc'i ati on :

Mountainous I and.

Stetson-Machi as-Al'l agash-Hadl ey assoc'i ati on:

c;;ãiïy ána saniv iðiis of the terraces and

flood Plaìns.

t

l l¡later

't
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Flgure 4: Mattawamkeag River Dralnage General Soils Map for the
Penobscot County Area, Maine
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F'igure 5 : Mattawamkeag Rìver Drainage -General S0ils Map for
iné nroostoõk CountY Area, l'4aine

Soi 1 Assoc'iati ons

SSSN Caribou-Mapleton-Conant association:
N--\ì ä;;ii;"ttliing soils on till derived

Nì\l chì efi Y from I 'inestone '

Pl ai sted-Perham-Howl and association:
ilåiñft tlopins so'ils on till derived
chìefiy- from acid rocks

Thordi ke-Howl and associ ati on: Ime-
;;i;iy sloPins so'ils on tiil derived
óniertv from acid rocks

ØZ Colton-Machi as assoc'iation: Nearly
7Z/ ]evel to slopìng soiis on terraces'
V 

" '' .ik.tt, and þlacjaj outwash'

t"---ffi] Monarda-Burnham associat'ion: Nearly

l'i'- : :1 üv;ì 
-io-õåtiiv 

:lopi ns , poorlv draì ned

[ì,,,:t.t,l soils on iirm t'ill.

l .l¡later
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Figure 5: Mattawamkeag Liver
Drãinage Geaeral Soils MaP for
lhe Aroostook County Area' Malne
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FÍgure 6. Mattawamkeag R'iver Fjowage Genera'l Bedrock Map for the
Penobscot County Area, Maine.

--- 
Ð'iabase dikes -- Devon'ian/younger

:Faul ts

Biotite, biotite-muscov'ite granite, and quartz monzonite
(includes some q"äñóãiotite-and feisic jntrusjve rocks in
Àö;ñk õ;. j : Oàvonian New Hampshire Plutonic Series.

Sha'le and sl ate.
Lower Devonian.

Swamback Formation and unnamed units -

Quartzite and metamorphosed conglomerate, :l?1:' siltstone'
àñã r.""uginous slate'. Daggett Ridge Formation - upper

Si I uri an.

Metamorphosed gray and green.siltstone, sandstone, sha1e,

ilü;;iä;-;;^öìòireiatel sedimentarv ironmansanese de-

óoiiis. Smyrnã Mili;,-Ísland Falls, and A1lsburv Formation

- Middle Silurian.

f l¡t f
]t r¡f*¡
r t ¡xr

Metamorphosed I jmestone, calcareous siltstone, and shale
;iiñiñ ti,e ttland-Falls Formation - Middle Silurian.

conglomerate, sandstone, and s'iltstone, jncludes Frenchv'i'l'le

Format'ion - Lower Si I uri an.

Granitic and dioritic rocks - sjlurian/ordovic'ian.

5u,

o

Metamorphosed shale, siltstoneo sandstone, and quartzite -
Upper Silurian.

,\1
It

g

Diabase of Caradocian Age - 0rdovician'
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F'igure 6. (continued)

Slate and metagraywacke - Upper 0rdovician'

sed limestone, calcareous sandstone, and shale'
s Formation - Middle Ordovician.N Metarno

Carys
rpho
Mfl 1

w

d,

Metamorphosed fe]sic to mafic volcanic rocks with inter-
bããã.¡ inàtase¿imentary rocks - Middle grdov'ician'

Metamorphosed felsic to intermediate tuff and tuffaceous'
fñðlu¿ei Shin Brook Fonnation - Middle ordov'ician.

s'l ate, metasandstone , and quartzi te, incl udi_ng .green ,and
bi;;k'tiãiã, an¿-iômé metavolcanic rocks - Mlddie 0rdovician'

lilllltTltlÏÏÏ rnterbedded quartzite, metasi r tstone, and state, inci udins

lllllltffillll 
red and sreen varieties - cambrian'

Metamorphosed dark gray and þlack shale, chert, sandstone'

;ñd-ri nbr vol can'ic iocÏ.s , si"l i ci fÍed i n pl aces - Mi ddl e

0rdovi ci an.

Congl omerat'ic quartzose metagraywacke - M'iddl e $rdovi ci an '

Indicates areas of contact metamorphism'

l" t'.
ta
at
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Figure 6.
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COVER MAP

MATTAWAMKEA,G RIVER

including the EAST BRAIf$l

Lnterpret,ed and MaPPed bY

Linda A. ilright

L1 October 1977

PIIOTQGIAPI{Y: Color infrared, LzLZO,0O0, Septenber 1973

MAP SCALE: Approxlnately 2 inches per n11e

LEGEND W = Forested; nore than 50% softr¿ood

H = Forested; more than 50% hardwood

I^I = l,Ietland, bog, marsh

0 = open areas: residenllal' farm, clearcut, borrow

Pir

North arro\r parallels long edge of nap'
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Map of Ehe Mã'ttawa¡okeag River iocluding the East Braach, showing:

foresr lrÍth uorå rhaa 5oz hardwood (.8) , aad wetlaods of bogs or

oarshes (Tf) , aad oPeo aleas (0)'
Flgure 7.
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duced into waters contiguous wíth the Mattawamkeag River in

the Nineteenth Century. Pickerel lfere stocked into the upper

Penobscot River in Línco]n in L824 (Maine Commissioner of

Fisheries 1867). In 1877 smallmouth bass $¡ere introduced

into Mattaceunk Lake, which drains into the Penobscot River

several kilometers upstream from the mouth of the Mattawam-

keag (Maíne Commissioner of Fi.sherÍes L877) . The inpact of

these introductions on the salmon populat,ion is not known.

The dj.stribution of bass and pickerel in t'he Mattar¡tamkeag

Ríver may have been linited in the mid- and Late-Nineteenth

Century by three dams on the main stem of the Mattawamkeag

below Kingman (Maine Commissioner of Fisheries tg73). Today

bass and pickere.l are widely distributed ín the Mattavtankeag.

fable 2 cont,ains a list of the fish species captured in the

Mattawamkeag Ríver drainage d'uring-this study.

Adult Atlantic salmon were commonly seen below the dams

on the Mattatfamkeag River in the 1870ts. FishwayS l^tere

calLed for and were finally built in 1880, giving salmon

access to most of the Mattawamkeag River (Maine Commj.ssioner

of Fisheries I88o). unfortunately, developments on the

lower Penobscot River doomed the At,Iant,ic saLmon runs of the

MattavTamkeag.

The lumber industry along the Penobscot RÍver expanded

rapidly in the Nineteenth Century. f.ogs harvested in for-

ests near the headwaters hrere floated. dor¡n the Penobscot to

be cut at many of the sawmiLls located close to Bangor. The

combination of massive 1og drives and sawmill operations
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Table 2 List of
f ishing
between

fishes
in t,he
JuIy 8,

captured bY nettíng and elect'ro-
Matta$Tamkeag River draínage

Lg74 and October 31, L976'

Common name

American eel

Atlantic salmon

Brook trout

Chain pickerel

Golden shiner

Common shiner

Blacknose dace

Creek chub

F aI1 f ish

IrOngnoSe SUCker

White sucker

Brown bullhead

Bì¡rbot

ThreesPine stickleback

NinesPine stickleback

![hite Perch

Redbreast sunfish

Pumpkinseed

Smallmouth bass

Yellow Perch

Scientific name

AnquilIa rostrata

Salmo salar

S alve linus font inal i s

Esox nager*
Notemigonus cxY soLeuc as

Notr opas cornutus

Rhinic hthvs atratulus

Semotilus a tromacul atus

Semotilus corporalis

Catostomus c atostomus

Catostomus commersoni

Ictalurus nebulosus

Lota lota

Gas terosteus aculeatus

Pung itius pungitius

Morone americana

Lepomis auritus

Lepomis qibbosus

Micropterus do 1o¡uieui

Perca f1 ave s cen s



2L

produced vast quant'ities of sunke¡r logs' bark' and' sawdust'

Íhis wood-waste pollution coated parts of the river bottom

with a layer of oxygen-demanding material '

Many dams were constfucted on rtaterh¡ays in t,he Penobscot

River system to run the milLs associated with the logging

industry. Provisions for fish Passage $tere not always included'

and the proliferation of dams began to timit salmon runs ' A

major catastrophe occurred in 1887 when a dam spanning t'he

penobscot River at Great works" 22.5 km upstrêam from head of

tide'wastorndown,includingthestate-ownedfíshway.

shortly after, a ne$¡ dam was built wíth no fishway. The

entlfe Penobscot Rj.ver uPstteam run of salmon in 1890 was

blocked because of this dam. Fish resting below the Great

lforks dam were subject,ed to poisonous wastes such as lime,

soda, and sulfuric acid that \i7ere discharged from the adjacent

pulp miIl (!(aine commissloner of Fisheries I8g9-1890) ' Íhe

deterioration of Penobscot River salmon runs due to polJ'ut'ion

and inadequate fish passage ProgÏessed rapidly' and by 1900

only 2OO salmon ascended, the upper reaches of the Penobscot

(cutting 1963) . From that poinÈ ollr it, is unJ-ike1y that'

sizeable numbers of AtLantic salmon $tere present in the Mat-

tawamkeaq River.

As stocks began to

salmon was

decline,

realized.pagat,ion of

ted in the

salmon fry

the need for hatcherY Pro-

Salmon stocking was ínit'ia-

year

(Maine

Penobscot River ín L872 and the followÍng

lvere released into the Mattal'tamkeag River
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Commíssioner of Fisheries 1873) ' Since t'hen' the MaÈt'a$tam-

keag has received numerous p1-antings of Juvenile salmon'

Ilatchery releases into the Penobscot drainage between L812

andlg5garesummarizedbyCutting(1963).sea-runsalmon

stockings into the Mattawamkeag River during the span of t'his

project'LgT4throughLgT6rêÏêsummarízedinTables3and5.

Present status

Currentlythelilatta$¡amkeagRiveriscomparatively,free

ofman-madehabitatalterations.Nodamsaxistonthemain

stemoreitherofthebranches.Low-headdamsarefoundat

the outlets of several lakes draíning into the Mattawamkeag

Ríver,suchasRockabemaandMattawamkeaglakes.Thesedams

r¡rerebuilt,primarilyforlogdrivesandtomaintainwater

levels in the lakes for camp owners (cutting 1963) ' Discharge

isinfluencedbythesedams,butstrictflowcontrol'âs

exemplified by the St'' Croix River' does not exist in the

MattawamkeagRiver.Pollutionismi.nimalandisessentially

comPosed of domestic sesrage from the few srnall towns alonq

theriver.Agrículturalactivítiesinthedrainagesinclude

timberharvestandcultivationofpotatoes,oats'corn,and

hay.TheEastandWestBranchesMattawamkeagRiverplusthe

MolunkusStreamdrainagewereestimatedtocontain4,500

hectaresofthenon-timbercroPsmentionedaboveinLgT4

(Kennet,hchaPman'cooperativeExtensionService,personal

communication) . Recreational uses of the river are moderate

andconsistprincipallyoffishingandcanoeing.Increased

ç
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Table 3. Hatchery-reared sea-run Atlantic salmon released into main stem of Mattawamkeag River

in 1974-1976.

Location

Mattawankeag to HaYnesville

Mattawankeag

Haynesville, confluence of
E. and ltl. branches

Haynesville, neat village

South Bancroft

Wytopitlock

Kingnan

Mattawamkeag

Totals in: 1974 -
1975 -
1976 -

6/s7 4 16,700

Date of
. releiesê

, Salnon
stoCtieä

24 | 895
4,L04

6,559
5 ,816

4r961
4, 181

5,424
6,960

3, 160
8,557

34,303

tL,427

Tolal lengtl
range nm

76=L02

L52-2A4
ro2-.152

102 -15 2

ro2-152

140-178
roz-152

102-178
toz-r52

r02 -152

140-178
I27 *203

I52-279

r27 -2A3

Renarks

Age l+ parr

Age 2 s¡nolts
Age 1+ parr

Age 1+ parr
Age l+ parr

Age I snolts
Age lt parr

Age 1+ parr
Age lt parr

Age lt parr

Age 1 smolts
Age 1* parr

sls-7l7s
612/7s

7 /22/76
e/ rs/76

s/7 [76
s/L3/76

7 /23/76
e/r3-L7 /76

s/7 /76
9/ 17 -2O/7 6

s/3-,5/76

I / L7 -2r/7 6

9114-16l'7 ç 10,431

,

16
24
42

,700 parr
,895 snolts and

,424 snolts and
104 parr
,315 parr

LVtS

aTr

1smoA,ge 2

clip
Age 1ï

¡\)(¡)
4,
59
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Table 4. Hatcherpreared sea-run Atla"ntic salmon releaEed into tributari.es of the Mattawamkeag

River in 1974 and 1975.

Location

East and West branches,
Haynesvi I le

Molunkus Strean, Molunkus

Macwahoc Strean, Macwahoc

Wytopitlock Strean, Reed

East Branch, Haynesville

t{ytopitlock Strea¡n, Reed

Totals in: L974 - 18¡400 Parr
1975 -. 2,734 parr

Date of
release

L974

6/4

6/4

6/4

6/q

197s

Salnon
stocked

4,600

4,600

4,600

4,600

r. s34

1,200

Total length
range run

76-LAz

76-LAz

76-L02

76-LOz

LOz-IS2

t02-L52

Remarks

Age l+ parr

Age 1+ parr

Age 1+ parr

Age 1+ parr

Age 1+ parr

Age 1+ parr

6/2

6/2

¡\)
5
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Table 5. Ftatchery_.reared sêâ-Trr' Atlantic salnon rereased into trihutaries of the Mattawankeag

River in 1976.

Location;

East Branch, HaYnesville

West Branch, HaYnesvÌlle

Molunkus Stream, Monarda
Route 2

Macwahoc Strean, Route 2A

Wytopitlock Strean, Reed

Wytopitlock Lake, Reed

Hot Brook Lakes, Danforth

s/6
s/7

4,337
4,500

Date of
release

7 /2r
s/t4

7 lLe
7 /20

9/ 1s- 16

Salmon
stocked

8,34L
4,572

r1¡245
8,725

12,209

2 r00o

00

10,509

13,033

Total length
lange nm

101- 1s2
t02-Lsz

76-J52
76*L52

ïo2-L52

140=178
140*1 78

140= 178

140-J78

L78-2s4

rs2-2s4

Remarks

+ Pârr
+ parr

Age It parr
Age 1+ parr
Age 1+ parr

Age 1 s¡nolts
Age 1 smolts

Age I smolts

Age 1 smolts

Age 1+ Parr

Age 1+ parr

eI
el

Ag
As

sl6

s/6-7

9/22-29

9/22-2e

lr5

Totals in 1976: 68,634 patr and 12,337 snolts

¡\)
tn
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useoftheLowermainstemislikely'duetotheoPening

of the Mattavramkeag Wilderness Park in t'he lown of Mat-

tawamkeag several Years ago'

BecausetheMattawamkeagisatributarytothePenobs-

cotRiver,conditionsinthePenobscotwi].laffectanadro-

mousspeciesoriginatíngint,heMatta!''amkeagRiver.Five

damsrallonthePenobscot'arepresentbetweenthemouthof

theMatt,avramkeagRiverandthePenobscotestuery.Thedams

rangefrom5to6minheight,andallhavefishways.The

effícíency of severar of these fishways, particularLy at the

GreatWorks,Milford,andWestEnfielddams,hasbeenquest-

ioned (Cut'ting 1963 I Meister Lg11) t but quantitative studies

havenotbeenconducted.somelnformationontheuPstream

movementsofadultsalmon'includingPassageoverdams'q¡as

obtainedinLgT6inaradio-trackíngstudyconductedbyDr.

JamesMcCleaverMlgratoryFishResearchlnstitute'Univer-

sity of Maine at orono, and supported by the U's' Eish and

lfiLdlif e Service '

WhencomparedwithmostofthePenobscotRiverdraj.nage'

theMattawamkeagRiverisunusualforitslackofenviron.

mentaldegradation.Tworecentdevelopmentsinvolvíngthe

use of chernical insectícideg howeverr tnêY influence the

futureofAtlanticsalmonpopulations.InLgT6theForestryo

Bureau of the Maine DePartment of, Conservation

8.6 million-hectarê spraying operation to limit

conducted an

damage

inflicted bY the sPruce budworm ( Chori stoneufa fumifer na) on
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spruce-fir forests. Aerial apptications of Sevin' a car-

bamate pesticide, were used on nost operational areas '

including head,water locations in the Mattat,famkeag drainage.

Results of a study conducted !n Lg76 to evaluate some effects

of Sevin apPlication on fish populatÍons in parts of the

Matta\úamkeag drainage are included as an addendum to this

report.InLgTTproposalsafebeS.ngfina].izedtoconduct

field tests of several chemicals for bleck f1y ( S irnuLium

spP.)control.Partsoft'hePenobscotRivermaybeincluded

inthesetests.Chemicaltleatmentshavebeenwidelyused

in the past in conJunction with Mainers spruce budworm

program and pressure to attempt chemícal control of black

fliesisbeingappliedbyseveralmunicipalitieswíthinthe

penobscot River drainage. The threat of potential damagie to

Atlanticgalmonrestorationeffortsisreal,particularly

becausethesub-lethaleffectsofchemicalpesticidesare

poorlY known-

Jus tifícatíon

Recenteff,ortstorestoreoraugmentNorthAmerican

stocks of sea.run Atlant'ic salmon have,Íncluded loca]., state,

federaLr and internatíonaL cooperation' The It'S' Fish and

wild,tife Service is currently expendíng large amounts of

manpot.rer and funds toward the goal of restoration' Two

National Fish Hatcheries in Maine ¡ plus four others in

nearby Ner,.¡ EngLand states, are propagating Juvenile salmon

forreleasesintosuit,ablewaters.TheMaineAtlanticSea.

Run salmon commission, a state agency, has a fuLl-time staff
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of five biologists workj.ng on management of salmon popula-

tions in Maine r¡taters. The Penobscot River has an ultimate

production goal. of one ni]lÍon smolts per year under its

Model Rj.ver designation. Other New Engl.and rivers being

investigated for Atlantic salmon potential include the St.

Croix, Connect,icut, and Merrimac_k rivers. CJ.early, regLonal

interest in New England, salmon restoration is exceptionally

hish

Iiabit,at quality is crucial to the success of introduced

species. Biological surveys shouLd include sanpling of dif-

ferent habitat t,ypes withj.n a given river system. The Mat,-

tawamkeag River is representat,ive of much of the lotic habitat

avail-able to At,lantic salmon in the Penobscot River drain-

age. Similarities and differences uncovered in surveys of

t,he Connecticut and Merrimack rivers, when compared ',çit,h the

Mattawamkeag River results r IIIâY def ine f actors whích wilL

influence the success of salmon introductions. A massive

commiÈment to hatchery production, combined wit'h environ-

mental quality assessments, will enhance chances for achiev-

ing salmon restoration. Can the present habitat in the

Matta!'ramkeag River stí11 suPport large populations of anadro-

mous Atlantic salmon? With that question in mind, the Mat-

tawamkeag River study was undertaken.

S cop e of study

Pri.or work centered on assessing spawning and nurserY

drainage (Cutting 1963) . In t,heareas in Èhe Mattawamkeag
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past, li¡nj.ted blologicaL sampLing was accomplished by person-

nel of the Maine Department of InLand Fisheries and !{ildIife.

The obJective of the current study lvas to detect and examine

physical, chemical, and biological factors which may affect

restoratíon of Atlantic salmon in t.he Mattawamkeag River.

Physical factors examined 1Íere water temperature Pafterns,

stream dischârge, and habitat, tyPe. The study of chemical

factors centered on regular monitoring of selected water

quality paramet,ers. Biological f actors included the rel-ative

abundance and length frequencies of major fish species'

qualitative assessment of benthic macroinvertebrate popula-

tj.ons, and the perf,ormance of hatchery-reared salmon stocked

into parts of the Mattawamkeag drainage

princípa1 field-oriented activities are listed below for

the three years of this study

EY L97 4 1)
2)
3)
4)

FY 1975 1
2

3

FY L976' I
2

3

reconnaisance of drainage
hydrothermographi c monitor ing
sampling of fish populations
initíation of monthly water quality surveys

) hydrothernographic monJ.toring
) !"at,er quality surveys
) extensive surveys of fj-sh populatj.ons

) hydrot,hermographic monitoring
) sampling of fish populations
) int,ensive sampling of macroinvertebrates

PHYSICAL FACTORS

Water temBerature and stream discharqe- methods

Water temPeratures were measured

the Mattawamkeag River drainage using

at numerous sítes in

Ryan ModeI D recording
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hydrot,hermographs, maximum,/ninimum thermometers, and labora-

tory thermometers. The sites included the main stem at the

towns of Mattawankeag, Wytopit,Lock, and Haynesville. Addit'-

ional monitoring sites were the lower East and West Branches

of the Mattawamkeag River, near the tordn of Haynesville. Tem-

perature recording generally extended from early June through

October I but one unit was maintained in the East Branch Mat-

t,awamkeag from October 19, L974 to March 20,1975.

some observations from aircraft and ground were made on

t,he extent and duration of ice cover on the main stem' East

Branch, and part of the lfest Branch in Èhe winter of Lg74-

1975.

Stream discharge rôtas measured at several Locations in

the Mat,tawamkeaq drainage in August 1975.

Water temperature and strean dis charqe- resuLts

lrlater temperatures reached level-s unfavorable for AtIan-

tic salmon during portions of each summer from L974-1976.

This r¡¡as most Bronounced in 1975 and least severe in L976.

Mean daily ïtater temperatures were 25 C or higher in the nain

stem at the Town of Mattawamkeag for a total of 29 days from

June I to August 31, L975. Daily temperature fLuctuations

at the lower main stem recording sit,e averaged 2.2 C for

those 29 days. Durj.ng nine consecutive days in July !g75,

mean water temperatures in the lower main ste¡n did not fall

below 25 C (Figure I ) . No large inf luxes of cool water int,o

the main stem were located. T\do small tributaries to the

Iower main stem, Big Gordon and LittLe Gordon brooks,
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generally had. d.ay-t,ime temperatures 3 t,o 5 C lower than the

Mattarrramkeag River.

High

lower East

summer water temPeratures lvere aLso common in the

and lfest Branches of t,he Mattawamkeag River.

water temperatures often reached the same valuesDaily maxímum

recorded in the lower main stem. In early August L975, v/ater

temperatures were 29 C for portions of two days at both

branches and at the main stem (Table 6). Mean temperaÈures

at the East and west' Branches, however, '¡tere 2 to 4 c less

than those at the mai.n stem in the summer. ÐaiJ.y temper-

ature ranges of 3 to 4 C were typical in the summer at the

East Branch in 1975 and L976 (Figures 9 and!.10). Several

cool-water tributaries to both the East and !{est Branches

were located during reconnaissance float trips by canoe.

!Íater temperatures recorded Ín the fall at the Mattawam-

keag draj.nage fLuctuated widely between the L975 and L916

observations. In late October' mean wat,er temperatures in

the main stem and East Branch l{ere 5 c less in 1976 than in

L975.

Aerial reconnaissance of the river on March 10, L975

revealed maJor ateas of open water on t,he main stem from

Gordon Falls to Matta!.ramkeagr Wilderness Parkr near the toqtn

between Bancroft andof Kingman, and at Ledge Fa1ls

vrater zones rrere located. near t,he

tlayne s -

outl e tviL1e. Other open

of Pleasant Lake on the East Branch and, from the upper

the West!{ebber Company Bridge

Branch. All of these

to Mattawamkeag Lake on

ice-free areas contained some rapids,



Table 6

JJ

Results of $rat,er temperature nonitoring at several
sites in the Mattar¡ramkeag River drainage from ,fune I
to September 20 in 1975 and L976. Mean temperat,utre
(C) is listed first, followed by range in parentheses.

Sarnple period

Main stem, Main stem,
Town of Town of

Mattawamkeag !{ytopítlock
East Branch, West Branch,
Webber Road V{ebber Road

,f une I
June I
June 2

Jui.y I
JuJ.y 1
July 2
August
August
August,

-I0
1-20
L-30
-10
1-2 0
l- 31

( 13-1e )
(r3-2r)
(20-26)
(22-2s)
(22-26)
(2L-26)
(22-29)
(re-26)
(16-21)
( L6-19 )
( 1s-19 )

1975

L4
15
20
25
24
25
24
23
20
I9
N/A

( 11-18 ) a
(L2-L7 )
(L8-22)
(23-26)
123-27 )
(23-27 )
(23-26)
(22-24)
(19-21)
(18-20 )

( 10-r7 )
(13-20) a

( 16-2s )
(19-26)
(2a-28)
( r8-26 )
(1e-2e)
(1s-26)
(L4-2r)
(14-19)
(15-r9) a

(14-r8)

lLg-27 )
(20-25)
(20-26)
(19-2s )
(2O-2e)
(r6-2s)
( r4-1e )
(14-18)Septemb

Septenb

r- 10
11-20
21- 31
er 1-10
er 11-20

16
L7
23
23
23
24
24
24
L9
18
L7

14
16
2L
23
23
23
,)t

22
L7
16
16

16
N/A
2t
22
22
23
24
22
L7
16
N/A

Main stem,
Town of

Mattawamkeag
East Branch,
Webber Road,

L97 6

Jun
Jun
Jun
JUI
Jul
Jul
Aug
Aug
Aug

el
eL
e2
yl
yI
y2
ust
ust
ust

-10
1-20
1-30
-10
1-20
1-3L

1- 1o
11-2 0
2L-3L

t8
20
22
2L
20
23
l9
20
20
16
16

(16-21)
(L8-22)
(L9-26)
(L9-24\
(r8-24)
(Le-24)
(18-21)
(1e-2L)
(L8-221
(r4-18)
(14-18)

N/A
N/A
N/A
N/A
t9 (t6-24) a

2L (L6-24)
19 (t6-22)
1e ( 16-2r. )

1e ( 14-2s )

L4 (12-16)
t6 ( r.3 -18 )

September L-10
September 1.1-20

N/A data not avaj.lable
a data missing for 2 or more d,ays
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$tith vertical gradient,s ranging from approxímately I to 4

m,/krn over each area. No maJor infLuxes of ground v¡ater were

found in subsequent examinatíons of these sites.

Sporad,ic discharge measurements taken during the summer

habitat reductiondrought condit,ions in 1975 showed extreme

occurred the Matta$tamkeag drainage. Discharge at

the !{est

throughout

Branch and East Branch temperature monítoring sites

¡ras 0.4 and o. 3 *3,r".. ' respectively r orl August 28, 1975 .

Flow reductions r¡tere particularly severe in some of the

smaller tribut,aries like frtytopit,lock Stream. (Figure 11). At'

the lower main stem, the minimum flow recorded in L975 \^tas

?L.7 m"/secr orr September 3. Precipitation measured at the

Houlton Airport, a site near the East Branch Mattawamkeag, \,ras

L.2 cm in August Ig75. This total v¡as less than 15? of the

average August rainfalL recorded at Houlton since 1941

(Cooper and Lautaenheiser 1975). TotaL monthly ¡rrecipitation

and discharge data for June through Sept,ember were substan-

t,ially different in 1975 and L976 (Table 7:). High water

temperaËureS ín the Mattawamkeag River usually occurred when

discharge was 1ow (Figure 4) .

Habit,at t,ypes- metbods

Assessments of the maJor habitat t,ypes in the

hrerê.made in conJunction with bioLogical sampling

purposes, habitat,s were classified as

main stem

t,ríps. For

flat water,descriptive

deep pool,

assigned to

fIat, water-

or rapids. The following characteristics were

those habitats:

surface unÈrokeni current slight; mud, sand, and

't
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-A hìghway bridge
/sec) on this date.

Figure '¡1. Photograph of ldytopìt1ock Stream near- the jvlaine,Route 2

on Ruéui! ze, lbzs. stream flow was 0.0 m'/sec (0.5 ft3
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Table 7 Short- and long-term t,ot,al monthly precípitation
and discharge åata recorded durJ.ng the sr¡mmer in
the Mattavfamkeag River area. Frecipit,ation \úas

measured at t,he F.A.A. Airport in lloulton, Maine.
Total discharge \ras recorded at the U'S'G'S'
station on t,he lotver main stem Matt,al,tamkeag River.

Total preciPitation ( cm)
June July Aug. SePt.Year

L97 4

L975

L97 6

l{ean from
L946-L97 6

7 .34 9. 30 6. 15

9 .47 8.98 L.25

8.40 15.09 15.73

10.62

tr.. 55

6.95

9.09 9.588.21 9.81

3Total discharqe (m ,/sec )

Year June July Aug. SePt.

L97 4

1975

L97 6

Mean from
L9 46-L97 6

3,477

4,510

1,400

L,62L

690

2,L73

444

r60

2,788

368

207

Lt64l

2,262 L,205 92L 1,045

o
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deep pool-

gravel substrates predominate; rooted aquatic
plants very common; dePths rarely exceed 2 m

surface unbroken or slightly rípp1ed; current
slight to moderate; cobble, rubble, and bouLder
substrates predomínate; rooted aquatic PLants
scarce ¡ depths range to 3 m

rapi ds - surface sLightly to greatly rippled; current
mod.erate to strong; graveJ., rubble , and exposed
bedrock substrates predominate; rooted aquatic
plants scarce; depths rarely exceed 2 m

Habitat t,yPes were noted f or t,he East and West Branches '

but quantitative estimates were not made as some sectíons

t'rerê not observed. Some remote areas on t'he East and l{est

Branches r¡¡ere surveyed during f loat t'rips by canoe. On May

28-29, L9?5 the llest Branch was travelled from Route 11,

below Rockabema Lake, to the Town of Island FaLLs. The East

Branch, between the t,owns of Oakfield and llaynesville, was

floated on Sept,ember 3, L976, Some of the Larger tributar-

ies encountered on these trips were briefly examined.

Habitat t,ypes- re sults

Based on the criteria used, the principal habitat type

totalin the main stem is flat vüater, amounting to 50t of the

afea. Extensive flat r¡taters were located from Ðrew to Wyto-

pitlock and from North Bancroft to Haynesville. Deep pools

constituted approxi-mately 3Ot of the main stem habitat'

fhese areas $lere exemPlified by the section between the

Matta!,tamkeag highway bridge (U.S. Route 2) and the mouth of

Mattakeunk Stream, although similar deep pools were inter-

spersed from Kingman to Haynesville. Rapids were t.itirr"ry

t

scarce and comprised onLy 2OZ of t,he main stem area. Most
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rapíds $tere found neatr the access road to Matta$tamkeag V{ild-

erness Pa3k, in the Town of Kingman, and in t,he Bancroft area'

Estimates of habitat, availabi3.íty were not made for the

East and llest Branches because portions of them $tere not

observed, but general habit,at descriptions !'tere made for the

areas examined. The llest Branch Matt'av¡amkeag betl'teen Rock-

abema Lake and, Mat,tawamkeag Lake contained extensive areas

of sal¡nonid habit,at. At least one-half of thís 25-kn section

!ìfas classified as rapids. Most of the f lat waÈer and deep

pool zones 't¡{ere located near the Town of IsLand Falls ' Below

Mattaqtamkeag Lake, the lifest Branch flows 20 k¡n before Joining

the East Branch at Haynesvílle. The first 5-km beLow Mat'-

tawamkeag Lake was mostly rapj.ds. Downstream from this area'

deep pools and some f Lat' !'taters ltere common '

ApproximateLy one-half of the tot,al length of the East

Branch Matt,avtamkeag lúas observed on a L7-kn float t'rip

bêtween oakfield (Red' Bridge) and, Ilaynesville (Webber eridge) '

Near}y t,he entire section was rapids. The highest gradients

ïrere near the area of the Pleasant Lake outlet. DeeP pools

with many large bouLders characterized the East Branch

several kiLometers above the !{ebber Bridge '

water quality
CHEMICAL FACTORS

surveys- methods

some data on water quality were obt,ained during the

summer of L974, and monthly water chemistry surveys lìrere

initiated in November Lg74 and continued until March L976'

4
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The surveys wetre taken at three sites on the main stem, two'

each on. the East and west Branches, and one each in Molunkus '

Macwahoc, and !{yt,opitlock streams . vlater temperatule '

dÍssolved oxygen c6ncentrati6n, ambient conductance, Pt!' and

totalalkalinityweremeasuredateachsite.Dissolved

oxygen concentrations lfere determined using the Alsterberg

azide modification of the !{inkler met,hod (Brown et al' 1970)'

percent oxygen saturation and carbon dioxide concentrations

\.rere d.erived using method,s described in' Brown et al' (f970) '

Ambient conductance values Î¡tere converted to sPecífic con-

d.uct,ance at 25 C f or rePorting Purposes '

VÍatêr qual,itv survevs resuLÈs

All v¡ater quality parameters neasured ftom L974 to L976

\,ìrere ,¿ithin acceptable ranges for Atlantic salmon (DeCoIa

1970). Mont'hly r,rater quality surveys revealed only small

variations in plf, percent oxygên saturatíon, carbon dioxide

concentration, specific conductance, and tota! alkalinity

among the locations exami¡red (Table I ) ' At a given site '

carbon d,ioxide levels often ranged wid.eJ.y. carbon dioxide

concentrations !Íere not directly measured, but werê carcul-

ated from observed pH and total alkalinity values (Brown et

al. 1970). Some of' the differences' thereforer mâY have been

an artlfact of t,he method used to caLculate carbon d'ioxide

concentratíon.

supplementary dissolved oxygen measurements taken durlng

the summer in Lg75 ranged from 90 to 98t saturation' watêr

temPeratures usuaJ-ly exceeded 20 C when t'hese oxygen
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Table 8.

Strean
Town

Mattawankeag R.

-Vlattâwankeag

South Bancroft

Haynesville

East Branch
Haynesvil.1e,
Webber Road

Smyrna Mills

ÍJest Branch
Hayne sville,
tùebber Road

Moro,
Hall Cr. Road

Specific
conductance
ni.crornhos/cur

57t10
(36-84)

62!L4
(4r-84)

6lil4
(35-83)

73!14
(s2- r r r)

65r20
(40- 1 16)

68t12
(40- 86)

39!7
(2s-4e)

pH
units

6.7l-0.2
(6.4-7.2)

6.7lO.3
(6.2-7 .3)

6.7!O.2
(6.2-7 .L)

6. 8r0.3
(6 .3-7 .4)

6.810.3
(6.4-7 .3)

6. 810. 2
(6.4-7 .2)

6.610. 3
(s . e-6. e)

PPM

t2,5t2.5
(8. 0- ls .0)

12.4t2.2
(s.0-r4.8)

L2.2x2.L
(8. 4- r4 . 8)

t2 .4!2.t
(8. 4-14 .6)

L2.8!2.1
(s.2- ls . o)'

t
saturation

98t5
(e1- 108)

9614
(e1- 104)

94t6
(80- ro5)

96t5
(82- 100)

98Ì3
(8e- 105)

water quality data collected monthly at 10 sites from Novenber 1974 to March L976'

and standard deviation are followed by range in parentheses'

Dissolved o Carbon
dioxide

ppm

3.5!2.2
(r .2-e. s)

2.5!3.3
(0.7-e.6)

3.8!2.3
(I.6-1o.e)

4.2!3.8
(0 .8-1s .6)

3.512 .8
(r .2-e. e)

2 .9t2.I
(1 . o-8.8)

Mean

Total
alkalinitY
ppm CaC03

12.3!2.I
(8.4- 14. B)

L2.9!2.2
(s.2-1s.0)

96!5
(8s - 10 r)

9813
(e2- r03)

3
(1

2.1
7)

4t
0-8

LO.6!2.6
(s .8- 1q .0)

8.911.9
(s .8- L2.2)

11.lt2.5
(s . 3- 16 .4)

12.9t5.5
(7 .s- re. 1)

12.4t3.6
(s.8-le.1)

L2.T!5.4
(s.8-le.1)

5 .611 .6
(2 . s-8. 2)

s.
l\)
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Table 8. continued

Stream
Town

Molunkus S.*-mìm,
Route 2

Macwahoc S.
c,

Route 2A

Wytopitlock S.
Reed

Specific
conductance
nicronhos/c¡n

8711 1

(70-rro)

49r8
(36-61)

3918
(28-s7)

Dissolved oxygen
Percent

saturation

93!7
(7s *103)

96!4
(84-102)

.95!4
(8e- ro3)

Carbon
dioxide

Ppn

Total
alkalinity
ppn CaC03

t
eRout 2^

pH
units

ó .910.3
(6.s-7.3)

ó .7r0. 3
(6.2-7 :L)

6 .610. 3
(9'9-7.1)

ppn

12.0!2 .L
(8.4-1s.0)

L2,3t2.3
(8. 2-14.8)

L2.2t2.3
[8.0-1s .0)

4.3!3,6
(0.8-e . 2)

3. 813. 1

(0. 7-10. s)

3.5t2.8
(o1q-lo.g)

14 .5r5 . 7
(2.s-24.6)

8.812 . 1
(s.8- 13.7)

6.1r1.6
(4.2-s.6)

Þ(¡)
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measuremenÈs xrere taken. Dissolved oxygen Levels r t4'eref ore '

were consistently favorable for Atlantic saLmon survival even

during the periods vrhen high water temperatures ltere encount-

ered

BIOÍ.¡OGXCAL FACTORS

Fish p opulations- methods

Fish populatj.ons !úere samPled in riffle aleas t'hroughout

the d,rainage to obtain data on species composition, relative

abundance, and size distribution. Most' sampLing lfas done

with a Ðc electrofishíng unit that was mounted in a small

boat and towed by one of the cre\¡t. only one pass l/l'a,s made

through a given stream section. Blocking seines \itere not

used. Catch and effort data Î¡tere computed f,or the speciês

captured.

Fish populations in flat !'laÈer areas of the main stem

andlirestBranchMattawamkeagl^'eresampledinL974and1975by

trap nets, nylon gilL nets, and..monofilament giLt 
_nets.

Details of net construction are described by McCabe (1976) '

The gill nets and trap nets werê set perPendicular to shore

Ín sLack water zones, whereas they were set parallel to

shore if river currents were evidenL'

Fish collected by netting and electrofishing ldere

weighed and measured for total Length. Group weights and

ranges ln total lengt,h vtere obtained for most young-of-the-

year, especially cyprinj.ds. stomachs lfere removed from the

larger American eels caught in L975. Eel stomach contents were
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analyzed to indicate, leveIs of

Sightings of adult sea-run

tawamkeag River ltere recorded..

piscivorous pred,atíon .

Atlantic salmon in the Mat-

Several areas along the main

and Molunkus Stream r¡tere surveyed by

during t,he fall
stem, East Branch'

wading to look for

in L975.

adults or spawning redds

Fish popuLations- results

Itiqh water levels prevented effectíve electrofishing in

the main stem except in 1975, hence most results were con-'

fineð to t,hat year. Resident f ishes (Table 2) capable of

competing wit,h or preying on Juvenile Àtlant,ic salmon are

abundant in the main stem rapids and they include American

ee1, small¡nouth bass, burbot, and fallf ish (Tables 9 and

I0). All are known to be piscivorous (Scott and Crossman

1973) . Stomach contents of 29 eels larger tham 500 ¡nm in

t,otal length contained mostly aquatic ínsects (55t) and fish

(35*), based on percentage of tot,al volume of stomach con-

tents. Young-of-the-year smallmouth bass frequently

occupied areas within the rapids that l,fere qualitatively

Judged to be suitable Atlantíc salmon habi.tat. Large bass'

however, !ìIere not abundant ín the rapÍds.

White suckers \.tere the most abundant species captured in

gi1l nets and trap nets set in flat water areas, although

chain pickerel and smallnouth bass hrere frequently captured

there (TabIe 1I-). Approximat,ely 35t of t'he píckerel sam-

pled htere greater than 370 mm in total length. Specíes that



Table I

Spec íes

American eel

Longnose sucker

V{hit,e sucker

Bro!'tn bulLhead

Burbot

ThreesPine stickleback

NinesPine stickleback

Redbreast sunfish

Pumpkinseed

Smallmouth bass-adu1t

Young-o f -the-Year

46

Loca ion
L 2 3 4 5 6 7

12.0 5L.7 30-o 7 -3 28'4 9'3 L8'2

2,L l. 3

Relative abundance (catch/hr) of fishes ' excluding
cyprinids and salmoníds ' taken by elect'rofishing in
the Mattawaurkeag River drainage from July I to
September 30, 1975 '

0.3

3.8 7 .L 18.2 7 .g L4 -7 22.7

0.5

6.8 20.8 L2 .g l - I L2 '6 26 'O 18 '2

5.3

4.2

0.5

0.5

2.L 7.3 6.3 o.7 4'5

30.0 L8.2

4.5

2.5 3.0

59. s 155.4

1.8 4.2 0.7
à ow Pe ch

Hours físhed 4.0 L.7 0.5 0.6 1'9 l'5 0'2

2 5,250 4,375 15 ,07 5 10,9 25 L, 525
Area f ished (n 25, 000 7 ,500

ocation codeI¡

Main stem¡ Penobscot River confluence - Molunkus Stream

Main stem: Molunkus Stream - Wytopitlock Stream

Main stem: Wytopitlock Stream Baskahegan Strean
tlainstem:BaskaheganstreamconfluenceE'Branch&v{'
lriest Branch Mattawámkeag: belo!'t Mattawamkeaq Lake

EastBrancht'tattawamkeag:nearllaynesville
WytopitJ-ock Stream: near U'S' Route 2'A

I
2
3

4
5

6
7

Branch
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Tab 1e 10. ReLative
saLnonids
tawamkeag
tember 30

abundance (catch/hr) of cyprinids and
taken by eLectrofishíng in the Mat'-
River drainage frôrn JulY I to SeP-

, L975.

Spec ies Location

1. Oa

0.8

4.7 19. 3aAtl,ant,ic salmon-Parr

Young-of-the-Year

Brook trout-adult

Young-of-¡6s-Year

Comrnon shi.ner

Blacknose dace

Creek chub

Fall f ish

r-4.3 13.1 2.L 49.1

2.5 4.2 2.L

2.O

22.O

4.7

23 .3

3.2

2.L

0.5

L4.2

3L.8

9.r

61.3 L25.3 53.6 56-4

flours f ished

.A,rea fished (m

4.0 L.1 0.5

25,OOO 7,500 5,250

0.6 1.9

4,37 5 15,0752

r.5

L0,925

0.2

L,525

I
2
3

4
5
6
7

tocation code

Main stem: Penobscot Ríver confluence - Molunkus stream
Main stem: Molunkus Stream - !{ytopitlock Stream
Main stem: WytoPit,lock Stream - Baskahegan Stream
Main stem: Baskãhegan stream confluence E. Branch & $I.

!{estBranchMattawarrkeag:belowMattawamkeagLake
East Branch Mattavtamkeag: near Haynesville
WytoPitlock Stream: near U.S' Route 2rA

Branch

a stocked sea-run salmon Parr
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Tabl-e 11. Length frequency distributions of
the Matta$tamkeag River with traP
All fish were measured for total

the maJor fish species captured from
nets .nã gilL nets in L974 and 1975'
length

S ize
ínterval

(m¡n)

1-49

50-99

100- 149

150-199

200-249

250-299

300- 349

350-399

400-449

450-499

500- 549

550-599

Chain
No. of

fish

icke re I
Mean

length

153

249

272

336

371

416

476

522

552

white sucker
No. of Mean

fish length

Smallglouth
No. c¡f

fi sh

o

o

6

3

o

o

6

6

o

o

o

1

I

bas s
Mean

length

134

L75

233

270

328

365

440

Yellow Perch
No. of l{ean

fish length

82

130

L77

22L

260

o

5

9

L4

23

I9

9

5

3

I

25

54

96

137

131

t79

224

277

330

382

416

466

81

2A

20

2

o

0

o

o

o

o

46

6l

22

3

L

o

o

o

6

o

o

Total number
of fish L42 r

@
76 411 64
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are common only in fLat water areas includ'e chain pickereL '

golden shiner, brown bullhead' whlte perch' redbreast sunfish'

pumpkinseed., and Yetlow Perch'

ResidentPoputationsoflandlockedAtlanticsa].monare

presentinport'ionsofthemaínstemandinboththeEastand

Irlest Branches of the Mattavramkeag ' In t'he East Branch '

sal¡oonaremostabundantwithinsevera].kilornet'ersoft'he

outletofPleasantLakeandarescatceelsewhere.Salmon

are common j.n t,he !{est Branch uPstream from the upper l'lebber

Bridge.Fe$'landlockedsalmonarefoundinthemainstem'

althoughseveralofstate-hatcheryoríginwereangledin

Lg|4. These salmon Ì/Íete initially stocked into lakes draining

into the main stem t{attawamkeag River. only four young-of-

t'he-yearAtlanticsalmonweretakenduringelectrofishing

surveysinthemainsteminL}TAandLgTs.Theiroriginwas

not determined-

PotentialnurseryareasforanadromousAtlanticsalmon

1n ttibutaries such as the East and I'rlest Branches Mattawamkeag

RiverandMolunkusStream,containmostofthecompetitor

físhspeciesfoundinthemain.stem.Residentpopulations

ofAmericaneel,burbot,andfal].fishareabundantinal].

threelocations.smallmouthbassareknowntooverlapt,he

Presentlandlockedsalmonhabitatint,helowerl.restBranch

MattawamkeagRiver(Table9).BassarePresentinthelower

reaches of the East Branch and Molunkus Stream, but the uPper

Limit of theír distribution in those waters $tas not determined

int'hisstudy.Brooktroutarepresentinmosttribut'årieS

J
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to the main stem,

they r¡¡ere rareIY electrofíshing surveys

in the summet-

Short-termsuccessofsea-runsalmonParrstockedint'o

theMattawamkeagdrainageseemedtobeinfluencedbywater

].evels-Populationestimateswerenotmadeihowever,surviva!

ofstockedPartlt¡asevidentinL}T andLgT6.Drought

conditíonsinLgT5apparentJ.ycausedahighmortalityoft'he

parr stocked ínto the East Branch Mattawamkeag and wytopit-

lock Stream (Table L2 \ ' over-winter survival was not examined

becausehigbwaterlevelsinthespring].astedbeyondthe

time of natural smoltificatíon and emigration'

tlatchery.rearedsalmonparrst'ockedintotheEastBranch

MattawamkeagweresampledthreetimesinLgT6.Useful

biological data vtere apparently being obtaÍned in these

samples. Ilowever, subsequent to the t'hírd sampLing trip '

lve learned t,hat the East Branch was stocked twice in L976'

conclusions concerning relative growth and' dispersal of tbese

. fish were obscured by the multipte stocking'

whitis.hskinlesions!'ereobservedonsalmonthatwere

stockedinthesummerofLgT+andsampledinthefall.Parr

bothwit'handwithoutlesionsf.ferecapturedfromsi¡ni].ar

habitatsintheEastBranch,Molunkus'Wytopitlock'and

Macwahoc streams. These lesions nay be carcinomae' Dr'

RogerHerman,HistopathologistattheEasternFishDisease

LaboratoryinLeetovrnrWestVirginia'statedt"Previous

specimens from hatcheries have been deposited wLth the

Registry of Tumors of Lower AnimaLs as possible examples of

especialJ.Y

captured in

in headwater locations, however

conducted
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Table L2. Relative abundance
electrofíshing ín
from October I to

Species

(catch,/hr) of sPecies taken bY

the Matta$¡amkeag River drainage
31, L915.

Locat,ion code

I6 7

Atlantic salmon

Brook trout

Common shiner

Blacknose dace

Creek chub

Fallfish

tongnose sucker

lfhit,e sucker

Burbot

ThreesPine stíckleback

NinesPine stickleback

S¡oall¡nouth bas s-adult

Young-of-¡¡s-Year

Yellow Perch

IIours f ished

Area fished (¡n

t.t
3.0

20 .3

30.3

0.8

55.7

L.4

24.1

5.7

L.4

0.3

ll. 6

3.7

LL 1967

ocation code

3.0

8.3 63.6

22.7 39.1

0.3 4.5

5.3 11.8

0.9

3.0

5 ,904

I

5,532

0.3

11. 7

14.3

0.9

L7 .3

23 .6

t-

2

L

6
7
I

East Branch Mattawamkeag:
!{ytoPit,lock Stream: near U

Molunkus Stream! near U'S'

neatr Eaynesville
.S. Route 2-A
Route 2
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carcinoma in åi.*" (personal communicat'ion) . !'ihen i'E occurs,

this condj-tion appears in the fall anð disapPears sometime

during early winter. wild landlocked, salmon with similar

lesions r,vere taken from scott, Brook' a tributary to the st'

croix River, in october L975 (McCabe L976) '

Fin deformities nere present in approxiuratety 90c of

alI hatchery-reareð parr captured from the East Branch Mat-

tawamkeag in Lg76. The pectoral and dorsal fins ltere most

commonly eroded, and indivídual fin condition ranged from

nearly normal to practically absent'

Adult sea-run Atlantic salmon were sighted in the lower

main stem in Lg74 and L975, and four aduLt' salmon stere

reportedly angled from the Mattawamkeag in L975 ' Most

observat,ions occurred near the mouths of Bis Gordon and

Little Gordon brooks. some adult salmon captured at Bangor

Dam fishway on the Penobscot RÍver \¡tere trucked uþstream

d.uring each year of the study. These fish \ilere release'd

into the Penobscot between t'he- towns of Costigan and

Howland(A].fred'MeisterlChiefBiologist,MaineAt'lant'icSea-

Run salmon Commissíon, personal communication).

Some of, the adult salmon captured in the Mattavtamkeag

River system in 1975 sl,fam distances uP to 70 krn and survived

$rater temperatures over 25 C after their release in the

penobscot River. Their movements between the time of

release bei.ow ltowland and subseguent recapture $¡ere unknown'

No spawning salmon or redds r¡Iere located during three trips

to the ¡{attaf,famkeag drainage between November I to 10, L975'
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Xn 1976 three aduLt

released into

salmon '¡rith. internally placed radio

t,he Mattarúamkeag River near Bancroft.t'ags !'fere

This i,vas part of a study on aduJ-t salmon movements conducted

by Dr. James McCleave, Migratory Fish Research rnstítute,

University of Maine at Orono. One of the fish was known to

have been rel-eased into t,he Mat,ta!,tamkeag River as a smoLt.

Movements of these fish were recorded for uP. t,o 30 days.

Contact with alL three salmon l,vas lost by October L9, L976

(,James McCleave, personal communication) . Their activity

during the L976 sBawning season was unknown-

Macroinvertebrate populations -methods

Benthic macroinvertebrates $rere collected. duríng Novem-

ber Lg74 at all of t,he sj,tes used for monthly water quality

surveys except the main stem at Haynesville. SampS.es were

taken using a kick net, (0.3 mm mesh) in a riffLe siÈe. The

sampting technigue used was to d5-slod.ge bottout materiaLs by

kicking or digging with one or bot,h feet. The net \¡fas held

in position about 0.5 m downstream from the kick area'

thereby capturing many of the invertebrates uncovered.

Varíous sites wlthín the riffle hrere sampl-ed until 5 min had

elapsed. Collections $tere identlfied by Dr. Charles Rabeni'

Research Assistant,, Entomology .Department, university of

Maine at Orono.

Macroinvertebrate populations -re sults

Most orders of aquatj.c insects lvere we}l- rêPresented in

the kick net samples obtained in November L974. A range of

l8 to 34 aquatic insect genera r,r7as ident,ified at the nine
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sanpling sites (TabLe 13 ). The EphemeroPtera, and

the total numbers of
Diptera '

91t of

samples.

lrichoPtera comPrised from 6I

aquatíc ínsects "oft.ctea 
in

Merg anser sishtin gs -methods

to

the

ameri

Síghtíngs of American

canus ) were recorded

mergansers (M_ergq.s

on days sPent at th

relative abundance

merg anser

e Mattawamkeag

of t,hese birdsRiver. Information on tÞe

des iredin the drainage was

predators on salmon in canad,ian rívers (Elson L962) '

Mergans er siqhtinss-resuLts

American mergansers 1¡tere sighted in the Mattawamkeag River

System on several. occasi.ons each year of the st'udy, Itlostly

onthelowermainstem.Thelargestsinglesighting

consisted of 3o to 40 birds between Matt'akeunk sÈream and

Lower Gordon Falls on November L,7, Lg75. No broods r'ere

seen during any of the summers '

IMPoRTANCEoFFAcToRsEXAMINED[oATLANTICSALMoN

Phys ical and chemical factors

BecausethemainstemoftheMattawamkeagRiverispri-

marilyconposedofdeeppoolsandflatl¡'ater,naturalpro-

duct,ion of Atlantic salnon will be concentrated in selected

tributaries. In Canadian salmon rivers ' rapids are the

preferredhabitatofJuvenilesalmon,althoughpooland

deadwater areas support some salslon (Saunders and Gee L964¡

Gibson 1966; Elson 197,5 ) . Salmon f ry are most abundant in

shallowrgraveLlyrifflesnearspawningsites'butsal¡non

because ¡nelgansers can be serious
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Table 15. Results from kick net sa¡nples of strean macroinvertebtates co1-
lected at 9 sites in the Mattawamkeag River drainage in Novenber
1974. Nunber of aquatic insect genera identified is listed in
each row.

0rder'

Nu¡nber of genera per order

Locations sa.npled
AB c D E F G H I

Trichoptera

Plecopterà

Epheneroptera

Diptera

Coleoptera

0donata

Megaloptera

5

4

4

2

3

1

0

7

5

6

10

3

2

2

5

7

4

7

4

3

2

5

6

8

7

4

2

1

6

5

6

3

3

2

0

3

1

6

3

3

1

1

5

6

7

3

1

0

6

5

4

2

4

2

1

4

6

5

7

2

I

0

Total mrmber of
genera per location 25 24 27 18 25 33 32 3s 19

Location code

A. Main stern: Town of Mattawamkeag
B. Main sten: Town of Bancroft
C. East Branch Mattawankeag: near Haynesvll1ê
D. East Branch Mattawamkeag: Town of Smyrna Mi1ls
E. West Branch ir4attawarnkeag: near Haynesville
F. West Branch Mattar,¡ankeag: Moro-Herse¡ line
G. Macwahoc Strean: near U,S. Route 2-A
H. Wytopitlock Strean: near U.S. Route 2-A
I. Molunkus Strea¡n: near U.S. Route 2
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part seek deeper water with faster currents and coarser sub-

strates (ELson L975; Jones f975). The East Branch Mattawam-

keag

the

River and

substrates young salmon.

Additj.onal sites with suit,able physical habitat are found in

the main stem rapids, in the West Branch Mattawamkeag, and

in several of the small mai.n stem tríbutaries such as Mat-

takeunk and Macwahoc streams.
' summer water temperatures in the Mattar¡ramkeag River

were marginal for Juvenile At,lantic salmon during parts of

tvro years, Lg74 and L975. !,fater temPeratules should rarely

exceed 22 to 25 C for good gro\{t,h of salmon parr (ELson 1975) .

Some parr move into spring seepage areas and abandon their

normal territ,orial befravior when temperatures exceed 22 C

(Gj.bson f966). Increased vulnerability to predation can-

occur when part desert their territories (Symons L974).

Water temperatures surpassed 25 C at various sítes in the

Mattawamkeag dralnage in 1974 and L975, and the maximum of

29 C measured in 1975 can be letha1 for some stocks of

salmon (Gars j,de Lg| 3) . !{hen day-time temperatures are high,

night-time cooLing is irnportant for parr survival, and growth

(Elson f 975) . Niqht-tíne cooli.ng of 3 C comnonly occurred

at the East Branch Mattahramkeag, but less diurnal cooling

vras recorded in the main stem. Salmon can tolerate sudden

changes which occur on a diurnal basis (Scott 1975). The

high r^rater temperatures observed during some summers can be

tol-erated by salmon, but they are not favorable for salmon

Molunkus Stream contain extensíve

anð gradients most favorable fox

areas with
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product j.on.

Temperature data. are not avaiLable for Maine's other

Atlantj.c salmon rivers during L974 to L976. Published

records for the Narlaguagus River from 1963 to 1965,however'

showed mean water temperatures reached 25 C in onLy one year

(scott 1975). In that year, 1963, mean l,{ater temperatures

r{ere at least 25 C f or a totaL of 5 itays. A thermograph

operated by t,he U.S. Geological Survey provided summer water

t,emperature data for the Dennys River from 1959 to 197L' Mean

daily temperatufes were not tabulated, but maximum temperatures

reached 25 C an average of 4 days .(range 0 to L2 days) per

summer during those 13 years (U.S. Geological Survey Records).

In contrast, mean water temPeratutes in the Mattawamkeaq

Ríver in Lg75 $tere 25 C or higher for nearly 30 days. Rain-

falL was abnormally low in Lg75 (Tabfä 6) and comparisons

among rivers in d.ifferent years must be viewed cautiously'

The data suggest, however, the Mattawamkeag River nay

experience higher water temPeratures than other Maj.ne salmon

rivers.

Extreme fluctuations in water 1eve1s, wíth consequent

habitat reduction in the summerr TriêY adverse}y affect Pro-'

duction of Juvenile salmon (Huntsman L973). The outlet dams

on several of the lakes that which drain into the Mattawankeag

Ríver do not regulate discharge signj.ficantly. Therefore,

wide natural fluctuations in water level are expected, and

they do occur.
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Atthoughanempiricalrelationship!.¡asnotestablíshed'

an association between low discharge and high \^tater temper-

atures in the summer was indicated (Figure 4)' The combin-

ationofreducedflowsandhighsummerwatertemperatur.es

probably contributed to the poor survival of hatchery parr

stockedintofytopitlockStreamandtheEastBranchMat-

tawamkeaginLgTs.Ifemigrationfromthestudyareasin

thosestreamsoccurred',theparrdid'notrecolonizetheir

formerhabitats"n.,.favorableconditionsreturnedint,he

fal]..I,owsummetrflowswerebelievedtoberesponsiblefor

ape.riodicscarcityofAtlanticsalmoninCanadianMaritime

fisheríes (Iluntsman 1973) ' The 1ow flows reduce survival of

age I+ part, and corresPondíng adult returns for t'hat year

are clininished' (Huntsman l-9?3) ' Low water in summer in some

oftheMatt'awamkeagRivertributarieswasident'ifiedasa

potentiatlirnit,ingfactoronsalmonproductivitybycutting

(1963). Similar low summer flows were also considered a

IirnitingfactorinpotentialnurseryareasinthePiscataquis

River, another naJor tributary to the Penobscot (Fenderson

and AuClair 1956).

Physicalcondítlonsinthewintermightalsolirritsal-

mon production in t'he Mattawamheag River' Low winter fLows

arecommoninNewBrunswicksalmonriversandmaycontribute

tothehighmortalítyofJuvenilesa].moninthosev'aters

(Redmond r975). Parr become inactive at low water temper-

atutesandmayhidebeneathrocksandgravelinthewinter

(SymonsLgT4).IlabitatrequirementsforoptÍnalover-wÍnter
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sutvival of young saLmon have not been, adequat,ely deflned

(Redmond 1975) . !{inter discharges, particularly in January

and February, are often greatLy reduced in the Mattawamkeag

River. !{oreover, the Mattawamkeag River area generally

receives I0 to 20 cm Less annual Precipit,at'ion than coastal

salmon rivers in Mainers !'lashington County (Cooper and

Lautzenheiser L975). Most of this difference occurs during

the winter. In addition, more of the winter precipitation

al.ong the coast, when compared to inland atreas in northern

Maine, ig J.ikety to be raín. These factors could result in

relative winter water Ievels bej.ng lower in the Mattawamkeag

River than in !,Iashj.n9ton county streams such as the Machias

or Narraguagus riVers. F'urther studies are needed to

clarify the effects of winter river condltions on survival

of salmon in North America.

Before reaching the Matta!Ùamkeag River most aduLt salmon

must perform a complicated nigration. Thts includes ascend-

ing the Penobscot Ríver estuary, entering the fish trap aL

Bangor Dam, being trucked to a release site in the Penobs-

cot River below llowlandr Pêssing through the fish ladder at

t,he tfest Enf íeld or llowland dams, and swinrning 40 k¡n to the

mouth of t,he Mattawamkeag River. cutting (r963) rePorted

that the maJority of the salmon runs in the lat'ter half of t'he

Twentieth Century reached Bangor after t,he peak of spring

runoff had occurred. Entrance of the fish after peak runoff

plus the questionable efficiency of several fishways on the

Penobscot River, reôuce the chances of salmon successfuJ'Iy
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reaching the headwaters of the Penobscot by natural means.

This problem has been

Run

the

Salmon Commission

Penobscot River are

area. Further obstacles

recognized by the Maine Atlantic Sea-

because most fish released upstream in

trucked from Bangor to the HowLand

existr ês recent information indicates

pass prornptlY' t,hrough the Westthat adult salmon do not

Enf ield f i.shr,oay (Meister L977) .

The migration of adult, salmon into and through the Mat-

tawamkeag River drainage may be adversely affected by summer

vrater temperatures. Adult saLmon nay not enter Maíne rivers

when water temPeratures exceed 23 C (ÐeCola 1970) or when

water flows are abnormalLy low (Goodwin L942). In New

BfUnsWiCk, hor,Yever, mor¡ement of adult saLmOn has ogcUrred at

temperatures above 25 C I occasionally resulting in mortality

when temperatures reached 29 to 30 C (Elson 1975). Low

summer flows are uncommon in the Mattawamkeag River before

August, but $ratel cemperatures can reach 23 C by late June.

!{ater temPeratutes at adult release sites in the Penobscot

also may reach t,hese high LeveLs. For example, temperatures

in the Penobscot at West Enfield were at least 23 C for an

average of 2l days in July and August from 1968 to 1975 (U.S.

Geological Survey) . Some adult salmon, hower¡er, did move

from t,he Penobscot River int,o the Matta!'tamkeag during the

study in summers with hígh s¡at,er temperatures ' but t'he

percentage of adults that ïtere trucked upriver and subseq-

uently entered the Matta$¡amkeag in L974 to L976 cannot be

determlned.
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fhe potential sport fishery harvest, of adult salmon from

the Mattawamkeag River wlLL probably be affect'ed by summer

vrater temperatures. Temperat,ures above 20 C reduce activity

leve,ls of Atlantic salmon and are not favorable for salmon

angling (DeCola 1970). Approximately one week of water

t,emperatures below 20 C is needed before the salmon will

again be responsive to angling (DeCola 1970). fn 1976, the

year with the lowest summer water temperatures in this study '
mean water temperatures in the main stem were at least 20 C

during nearly all of June, Ju1y, and August (Table 6, ) - The

vulnerabil.ity of a salmon to capture by artificial flies also

decreases with t,he amount, of tíme spent in fresh water

(Goodr¿in Lg42) . Goodwin stud,ied the salmon run in the Dennys

River in Maine and found that most fish $tere angled within

several days of their entry into t,he river. Salmon reaching

the Mattas¡amkeag River probably spend at, least several days

in fresh water compJ.eting their natural and artificial mig-

ration. DeJ.ays ín ascending the fishway at West EnfieLd Ðan

(Meister Lg77) nay further red,uce their willingness to st,rike

arti. f,Lcial lures .

Cutting (1963) estimat'ed that anglers could harvest 15

to 25t- of the Penobscot River salmon runs. The percent of

the known Penobscot River salmon runs captured by angli.ng,

below the Bangor Dam, vtas 4*

Lg76 (Baum 1976). Some fish

in L974, 7z in L975, and 8t in

!ìrere also captured in the uPPer

sections of the Penobscot system in tho,se years, but the total
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numbers caught are not known. The concentration of fish'

plus the proxÍnity to the Penobscot estuary, suggests that

reLative angling success should be high below the Bangor Dam'

fhe publi.city associated with the recenÈ salmon runs and the

fact that, no license is required to físh in tidaL waters in

Maine, has ensured a hígh fishing effort below Bangor Ðam.'

Given the conditions saLmon will experience in the Mattawam-

keaq River, it is noÉ realistic to expect Percentage rod

catches to surPass those recorded for the lower Penobscot

River.

Biological facto¡s

The data obt,ained for resident fish populations in fast,

cond,itions in ther,ùater areas trere limi.ted by physical

river. MosÈ main stem rapids were too deep to sample by

electrofishing except during periods of very Low discharge '

When the main stem could be slectrofished' Poor conductivity

and the dark color of t,he r¡tater probably increaseô the

escapement of some f ish. Small tributaries 1j.ke l{yt'opit-

lock Stream could be sampled effectively by eLectrofishing

during most flow regimes encountered from June to November.

Population estimates lvere not at,tempted d'ue to Iinritatíons

in sampling the large ïraters quant'itative3-y.

The relatj.ve abundance and length frequency data obtained

from gill net and traP net catches were biased by gear select-

ivity. Nets set in littoral aleas of the river in the

summer may not adequat,ely sample the chain pickerel and

smaLlmouth bass popuJ.ations due to reduced movements of

these species duríng Peak summer water temPeratures (Scott,
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and Crossman 1973) . Mesh size in the nets htas too large to

capture Juvenile $¡arm$rater game fish or small cyprinids-

Eels, although extremely abundant in much of the Mattawamkeag

River drainage, were rarely captured by net,ting. Ðespite

these Li¡nítations ' valuable information of the fish species

that, could compete with or pfey on Juvenile salmon was

obtained.

Amerj.can eels $Iere frequently captured ín electrofishing

Surveys conducted t,hroughout the drainage. Predation by eels

can cause important losses of salmon in Canadian riverS

(E1sonr94].).somesectionsofriverswithhighdensitíes

of eels produce fewer saLmon fry than comparable sections

with lor¡er eel densities (Godfrey 1957). Eels also eat

many of the invertebrate food organisms that are usable by

young salmon (Elson 1941; Godfrey 1957), and eels and salnon

often cohabit Canadian salmon rivers (Elson L975). . The

J.arge numbers of eels in the Mattawamkeag River could

adversely affect salmon production.

chain píckerel are likely to prey on saLmon snolts

moving through the flat watefs of the Mattawamkeag. Pickerel

Iarger than 370 mm total length preyed on smolts migrating

t,hrough Beddington Lake on the Narraguagus River and apparently

caused, most of the 808 loss of marked smolts (Barr 1962) '

Pickerel large enough to eat salmon smolts are common in t'he

slower sections of the Mattawamkeag River, but they are

scarce in f ast l.¡ater areas. Pickerel spawning may overlap

the time of sal¡non smolt migrations ín the spring (Scott and
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crossman r973). Predation nay be reduced. if a 1ar9e ploPor-

tj.on of the pickerel population has moved into the shaLlow

areas of the river f or sPawnj-ng.

young-og-¡hs-year smallmouth bass dominated the catches

in many of the areas electrofished. Competítion wíth salmon

for space, and for food (Neves L973), couLd occur in fast-vrater

stretches of the main stem, the areas of maximun Juvenile

bass abundance. Adult smallmouth bass are known to prey on

st,ocked land.Iocked salmon Parr (!{arner Lg12). In the Mat-

tawamkeag River, large bass are not common in areas suit-

able as salmon hablt,at, thus losses due to bass predation

should not be severe. smallmouth bass are believed to be

serious competitors ín marginal salmon habitat (Cutting 1956) '

and bass are presently found throughout most of the potential

salmon nursery areas sampled in t,he Matta$tamkeag River drain-

age.

Burbot and fallfish are abundant ín t'he drainaga and

are capable of preying on young salmon' Both species are

piscivorous, and t,hey remaj.n åctive throughout the winter

(Scott and Crossman Lg73 ¡ Muth and Smith L974) . Ilowever'

most burbot and f,aLlfish captured in electrof,ishing safnPleÊ'

$rere smaIl, suggesting predation on young salnon by these

specíes 'shouLd not be severe.

the Mattawamkeag River supports a diverse fish fauna

including many l.¡arm-water or transitionaL

chai"n pickerel, brown bullhead, redbreast

bass, and yellow perch. Several of these

species such as

sunf ish, smallmout'h

fishes, the Pickerel,
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bass, and ye11oW perch l{ùere not native t,o t,he Mattawamkeag'

Even in New England,, the upper tributaries of the Connecticut

and Merrimack rivers, which have teceived plantings of juvenile

Atlantic salmon, contain relatively few of t'he non-salmonid'

species found in the Mattawamkeag River.

Att,enpts to reduce populatj.ons of competitors and predators

have preceded stockings of, juvenile salmon in t'he past. In

Europe, eels, brown trout (Salmo t,rutta,) , and northern píIe

(Esox lucius) haVe been removed from rivers prior to releases

of salmon eggs, fry, and parr (Mills 1971; Arrignon 1973).

Production of salmon parr and smolts increased greatly af,ter a

program to control populations of American nergansers r a plsqiv-

orous duckr w,âs inítiated on Canadars Pollett River (EIson 1975) .

Mergansers are no¿ abundant in the Mattal'ramkea9, but competitor

fish species are. Significant short-term reductions in PoP-

ulations of competitor fishes in t'he Mattawamkeag Rj'ver couLd

only be achieved at the expense of t,remendous anounts of funds

and manpower, if at at1. Therefore, satísfactory growth and

survival of Juvenile salmon will have to be achieved in con-

junction wit,h an abundance of potential competitor and predator

fish species.

The kick-net samples of. stream ínvertebrates collected

in Lg74 indicated a díverse community of organisms was pre-

sent in the areas sampled. Larval Ephemeroptera, Dipterat
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and Trichoptera are maJor components of t'he iliet of young

salmon (Goodwin Lg42; Keenleyside f967) ' IIof fman (1966)

found 3o gienera of Ephemeroptera, Díptera, and Írichoptera

in drift and benthic samples collected at t'he Narraguagus

River over an ll-month period. A total of 34 genera from

the same taxa were ídentified from the Matta!Úamkeag River

in one sampling period.. Barrinq¡ árastíc aLterations ín

water quality, populations of aquatic organisms important ín

t,he diets of juveníLe salmon shouLd remain wel-1 rëPresented

in the Mattawamkeag River drainage.

Based on the biological, chemical, and Physical factors

examined, the East Branch Mattawamkeag River and lvlolunkus

Stteam have the greatest pot'ent'ial for Atlantic salmon Pro-'

ductíon in the Matta!,tamkeag River drainage. To help evaluate

this potential, r/ve proposed an experimentaL stocking of

advanced sea-run salmon fty. Survival and growth of fry are

essential if natural populations of salmon are to become

established. Results from an experimental stocking would

reduce the hypothetical nature of this study, as well as

provide a valuable comparlson with concurrent' u.s. Fish and

V,iildlife Service st,udies involvíng salmon fry planted in the

headwat,ers of the Connecticut and Merrimack river watersheds

and experiment,al fry stocking by the canadian Fisheries and

Marine Service in the St. Croix Rj.ver. The initiat reguest

f,or fry was made on April 30, 1975 and, was approved at the

At,lantic Salmon Research Committee Meeting on May L9, 1975'

the fish Î¡rere to be stocked in 1976. An attempt to flnaLíze
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plans for the stocking

Atlant,ic Sea-Run Salmon

with. the. Ch.ief. Biologist of, the Maine'

Commission wa.s made on January 13,

refusal, indicated

so there would be

L97 6. Iti s

inadequate

not an outríght,

obtained in 1975

response, while

brood stock was

" a contínuing deficít in production for the next 15 to 18

months, " and results , from such a stocking would " do little

to enhance or âdd to our basic knowledge of the Atlantic

sal:non" (Alfred Meister, personal communication). 
'*o 

fry

were furnished for stocking in L976, and therefore an

important element of t,his proJect $tas not realized.

SUMMARY

Product,ion of Juvenile salmon in t,he Mattarnamkeagi River

will be limited primariLy by physical habitat, availability'

summer water temperature and d.ischarge patterns r and inter-

actíons with resident fish species. Of these factors, the

effects of temperature and discharge should be the most

varÍable, depending on climatic conditions.

The movements of adult salmon desti.ned for the Mattaïtam-

keag are probably being ímpeded by inadequate fish passage

facÍlit,ies at some of the Penobscot River dans. Physical

condit,ions in the lower Penobscot River have necessitated

the transport of adult salmon by truck from Bangor Dam físhway

to release points upstream. The need for this man-assisted

phase of the salmonts migratíon is J.ike1y to contínue in the

fut,ure. Those salmon entering t,he Mattawamkeag River may

exhibit, a reduced vulnerability to capture by legal angling

methods due to high water temperatures and t,he lengt,h of time
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spent in f resh water. A lot¡¡ sport f ishe.ry yield, even by

Atlantic salmon stand,ards, should be expected.

No single factor investigated, wilL preclude the survi.vaL

of AtLantíc salmon in the Mattawamkeag River. The survival

and abundance of salmon in the Mattawamkeag shouLd not be

viewed as an aLl-or-nothing phenomenon. Some production of

Juveniles, as welL as a harvest of aduJ.ts, can be expected

in all years. The combined effects of the maJor limiting

factors suggest, however, that the Mattatramkeag River be

considered a marginal candidate for the restoration of

Atlantic salmon from exísting stocks.
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iNTRODUCTION

Aerial app'lications of insecticides have been perìodícal1y employed

over the'last two decades to l'imit damage inflicted by the spruce budworm,

Chorìstoneura fumiferana, on spruce-fir forests in Maine' Although overa'll

impacts are poorly understood, investigations into some of the effects

of these pesticides on non-target fauna, including fish and stream mac-

roinvertebrates, have been accomplished. Effects of DDT appiications on

brook trout growth and abundance in six streams were reported by l¡larner

and Fenderson (]962). More recently, pesticides that are less persistent

and jess toxic to fish have been used in Maine. Marancik (1976) examined

the effects of several pesticides, including Sev'in 4-oil, on brain ace-

tylcholinesterase activity leve'ls in several fish species.

In 1976, headwater areas of the East and l,lest Branches of the

Mattawamkeag RÍver were included in the Maine Bureau of Forestry's 9-

million-hectare operational spruce budworm contro'l program. The 'insecti-

cjde Sev'in-4 was prepared at 0.84 kg/hectare, d'iluted with kerosene, and

sprayed from aircraft at 2.25 liter/hectare. Sevin 4-oij was the

principal pesticide used jn the operational spray program. Ïhe Mattawam*

keag River system was being studied as potential habitat for anadromous

At'lantic salmon. The overlapping of the spruce budworn control program

with headwater areas of the Mattawamkeag River.provided the 'impetus for

a separate investlgation into some effects of the pestic'ide application

on fish populations. The principal obiectives of this study were:

I ) To determine background pesticide residue concentrations
in pre-spray fish samPles

2) To deterrnine changes in brain acetylchol'inesterase levels
over an extended post-spray period 'in several fish species
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3) To compare gnowth of salmonids, i.n sprayed and unspr.ayed
streams duri'ng the summer

4) To determine if major changes iln macroinver tebrate fi:sh
food populations occurred after pestici.de applí.cation

Studv area

Four sampli'ng locations were lncluded in thi's project; the West

Branch Mattawamkeag River, West Hastilngs Brook, Meduxnekeag Stream, and

Greenlaw Stream. The !,lest Branch Mattawamkeag,. vrhîch drains Rockabema

Lake, was sampled about 4 km belon the 'lake. 
Þtest FÌastings Brook flows

into the Ì.lest Branch Mattawamkeag 2 km below' Rockabema Lake. Greenlaw

Stream, the out'let of a 4 -hectare 'lake tn the Aroostook River watershed,

had been previ:ousiy examined by personnel of the l4atne Department of

Inland Fisheries and tlildlife. Meduxnekeag Strearn was chosen as a contnoi

stream. Its source, Meduxnekeag Laken has a surface area of 2,716 hec-

tares and lies east of the East Eranch Mattawamkeag Ri:ver drai'nage.

Meduxnekeag stream is a tributary to the st. John River system. All of

the stneams, except Meduxnekeago were tn areas that were scheduled to be

sprayed by: the Maine Bureau of Forestny.

Prsject personnel were on site to obserye the spr aying at htest

Hasti.ngs Bt"ook and the l,fest Branch Mattawamkeag. These locatí.ons were

sprayed from 1945-2030 EDT on June 3,1976. Spraying uas not obseryed at

Greenlaw Stream; however, Bureau of Forestr¡r records show that jocatj:on

was treated on the evening of June 6. Fi'gure I i.ndtcates areas wlthin

the Mattawamkeag Riyen drainage that were sprayed hy the Bureau of

Forestry.

The Meduxnekeag Lake area was at least 15 km from any schedu'led

spraying by the Bureau of For"estry. Unfortunateìy, a pri.yate operator

reportedly sprayed a '1S-hectare woodiot at the southern end of Meduxnekeag
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lfap of the Maetawamkeag RÍver
system showing the areê sprayed
(horizontal lines) ç¡ith Sevin
4-oi1.

Figure l:
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Lake on the evening of June 4. The reported dosage of 2.40 liter/hectare

oî Sevtn was comparable to the leve'ls used in the Statets operational treat-

ments ' 
MATERTALS AND METHODS

l^Iater ual t tu n'itori n

hlater samples were taken at all four streams prior to pesticide

application. Post-spray coìlections were made approximat'ely 24 hr after

spraying at Greenlaw Stream, !,'lest Hastings Brook, and the hlest Branch

Mattawamkeag River. A'lthough it was not intended to be a post-spray

samp'le, the second water coilection taken from Meduxnekeag Stream occurred

fron 20-24 hr after that area was sprayed. All samples were analyzed

for sevin concentration by Mr. trnie Richardson, Pestìcide Residue

Analyst, Maine Department of Human Services.

l¡later quality was examined in the study streams several times from

May to gctober. The parameters measured were specific conductance at

25 C, total ajka]inity, dissolved oxygen concentration, and pH. In

addition, hydrothermographs were 'installed at hfest Hastings Brook and.

Meduxnekeag Stream on May 25 and 27, respectively. Both hydrothermographs

were removed on 0ctober 31. Instantaneous water temperatures were taken

each t.ime water quality or bio'logical data were obtained throughout the

surnmer and fal I .

Fish po lations-chemical anai YSES

Two species of fish, including one salmonid, ulere sought from each

stream for pesticide residue and brain acetylchol'inesterase (AChE)

analyses. Fish samples were generally obtained by electrofishing, but

angling was employed when insufficient numbers of fish were captured by

electrofish'ing. A general summary of pre- and post-spray sampììng

activities is contained in Tabie l.



Table l. General sutrrnary of samplin
applications of Sevin 4-oi
Maine streams in 1976.

activities conducted to investigate some effects of aerial
on fish and macroinvertebrate populations in four northern

POST-SPRAY

Water samoles

1. Analysis for Sevin
2. Measure water quality parameters

Fish samples

1. Analysis for tissue residues of Sevin
2. Analysis for brain acetylcholinesterase

activity Ievels
3. Examine growth parameters in

salmoni ds
4, Examine stomach contents in salmonids

sacrificed for residue or brain analyses

Macroi nvertebrate sampl es

ect benthic organisms
ect dt"ifting organisms

g

1

PRE.SPRAY

Water samples

AnalysTs for Sevin
Measure water qualify parameters

Fish samples

l. Analysfs for tissue residues of
Sevin, PCBr s, organophosphate
and organochlorine pesticides

2. Analysis for brain acetylcholin-
esterase activity levels

3. Examine growth parameters in
salmoni ds

4. Examine stomach contents in sal-
montds sacrificed for residue or
braln analyses

Macroinvertebrate samples

Collect benthic organisms
Collect drifting or ganisms

I
2

I
2

I
2

Col I
Co'll

\¡t,
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At least five fish of the same species were used for a tissue re-

sidue sample, t0 obtain a minimum total weight of 50 9. Hand'ling proce-

dures for tissue residue analysis were sjmi'lar to those used by Marancik

(1976). Pre-spray fìsh collections were ana]yzed for residues of

organochlorine and organophosphate pestìcides, polychlorinated bipheny'ls

(PCB's), and Sevin. Post-spray fish sampìes were analyzed for Sevin'

Brain AChE activity levels were measured in fish coilected before and

after pesticide appf ication. Pre-spray samples were taken between May

l7 and the actual time of spraying. Post-spray samples were collected

at 24+,4g+, 96+, and 192+ hr after treatment. The sampies included

five fish per species whenever possible. All fish captured were kept

in Iive cages untjl process'ing. The field surgical and freezing tech-

niques were simi'lar to those described by Marancik ('l976). Fish brains

were removed, and frozen by immersion in liquid nitrogen, within 60 sec

of fish death. Fish brains were removed from the 1ìquid nitrogen after

about'lS sec. They were then placed in a cooler contain'ingice until

the day,s f.ield work was completed, at which time all brain samples were.

piaced in permanent freezing facilit.ies. ACht activity levels were

detennined following the methods recornmended by Coppage (1971). The

individual brains from each co]lection date were pooled into a composite

samp'fe for the specjes tested. Fish sacrificed for pre-spray and 24+ hr

post-spray AChE analysis were used in the tissue residue tests previously

descri bed.

ul ati s- iiolo 1Fi sh

Stomach contents were examined in those brook trout and landlocked

salmon sacrif.iced for AChE or tissue residue analyses. Two to six stomachs

were obtained per sampi'ing day. Percentages of total stomach volume and
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frequency of occumence of food items were detenn'ined for each sample of

stomachs col'lected on a given day.

Fish populations were sampled monthly from May through October in

the study streams. During most months, each stream was electrofished

until a minimum of 25 brook trout or 'landlocked Atlantic salmon was

obtained. In June, only the species needed for the postspray AChE

anajyses were captured and measured. All fish caught, except cyprinids

and young-of-the-year sälmonids, were anethetized with ttlS 2?2-, weighed,,

measured, and re'leased. Range ín total length and group weights were

obtained for young-of-the-year salmonids and most cyprinids. Condition

factors for individual saimonids, excluding young-of-the-year, were

computed using the followlng formula: (we'ight.in g X 105) / (length'in
.)

rnm)". Meduxnekeag Stream was not electrofished after July because land-

locked salmon were no longer present in numbers sufficient to warrant

further investi gatì on.

Macroi nve rtebrate oopulations

Aquatic macroinvertebrates in hfest Hastings Brook and Meduxnekeag

Stream urere collected: using drift nets. Two drift nets' with ]-m square

openings, were set: in each stream. Details of the net construction and

operation are described by Hoffman (1966). The nets were set near'mid-

channel in two riffle areas for 45 m'in per sampling time. Drift was

collected at 0300,0900,1500, and 2100 hr. Prespray samples were ob-

tained in May and monthly post-spray collections were taken from July

through October. In add'ition, limited drift samples were collected jn

early June, shortly after spraying. Thirty-minute sets were made at

0900 and l5O0 EDT at l^lest Hastings Brook on June 4, 1976. These samples

followed the Sevin spraying in that area by 13 and'19 hr, respect'ive'ly.
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Simi'lar1y, drift nets were set at Meduxnekeag Stream on June,7 at 0900

and'1500. The Meduxnekeag Lake area was sprayed on June 4. AII inver-

tebrates coi'lected were preserved in 10% formalin.

Stream discharge measurements: were taken w'ith a Model 622, direct

reading Gurley current meter in conjunction with the drift net samples.

Total stream discharge and flow through the drift nets were measured

at each net location two or three times per coliection date.

Benthic macroinvertebrates were collected montly from May to

October on the same days drift was sampled. Collections u,ere made using

a Surber sampier in qualitatively similar riffle areas in l¡lest Hastings

Brook and Meduxnekeag Stream. These riffles were 'located. downstream from

the'lower drift net s'ites. Different areas within the same riffle were

sampled throughout the season. A month'ly sample consisted of the- combined

contents of three 0.09 m2 collections.

All macroinvertebrates were ana'lyzed in the laboratory by Research

Assistants Joan Trial and Bruce,Grantham. lv1ost aquatic jnsects were

identified to the genus. In some cases, particulariy with the Diptera'

identifications were only made to family. Numbers of organisms were

determined for the taxa identjf,ied. hjet weights of the maior orders of

aquat'ic insects were recorded.

RESULTS

lr{ater quality and rature monitoring

Detectable concentrations of Sevin were absent from all pre-spray

water samples, but were present in al1 post-spray coì'lections. Sevin

concentrations ranged from 25.60 to 42.45 ppb at Greenlaw Stream, West

Hastings Brook, and the l.lest Branch Mattawamkeag. These streams were

within areas sprayed by the Bureau of Forestry. Although only a sma'll
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pontÍon of the Meduxnekeag Lake area was sprayed, the concentration of

Sevin in the outlet, Meduxnekeag Streami was 2.82 ppb approximately ?4

hr after treatment.

All water quality parameters examined were s:imi'lar in the'four

study streams (Tab'le 2). Specific conductancen total alkalinity, and

pH leveìs were near'ly identical at West Hastings Brook, Meduxnekeag

Stream, and the l^lest Branch Mattawamkeag. Válues for'these three para-

meters were consistent]y higher at Greenlaw Stream. Dissolved oxygen

concentrations exceeded 8.2 ppm and 9i% saturation throughout the sampling

peri od.

Dai'ly and seasonal water temperature differences were evident

between !'lest Hastings Brook and Meduxnekeag Stream. Diurnal fluctuations

of 5 C often occurred at l¡lest Hastings, whi'le maximum water temperatures

did not exceed 20 C. Water temperatures were higher, but more stab'le at

Meduxnekeag Stream (Table 3). Dajly temperature'ranges were rarely

greater than 2 C at Meduxnekeag Stream. Mean water temperatures. were at

least 20 C from June l1 to August 3l at [{eduxnekeag Stream. The tem-

perature patterns reflect differences 'in the sources of the two streams.

l¡Jest Hast'ings Brook drains an area for heavìly forested land, whereas

Meduxnekeag Stream i's fed by the ep'if imnetjc waters of a large lake.

Fish populations -chemi cal ana'l vses

Iissue samples from fish taken in all four streams contained back-

ground residues of DDT that ranged up to 106 ppb. DDT resjdues were

highest in the fish taken from Greenlaw and Meduxnekeag streams. No

detectable levels of organophosphate pesticides or PCB's were found in

any of the fish tissues analyzed. Pre-spray co1'lections contained no

residues of Sevin. Post-spray analyses have not been completed.



Tabl e 2. ÌJater qual i ty
Mean value is

parameters measured in four northern Haine streams from May to October, 1976.
listed first in each column, followed by range in parentþeses.

Locatl on

Meduxnekeag
Stream

!'lest Hastings
Brook

West Branch
l,lattawamkeag
Ri ver

Greenl aw
Stream

' Number
of

observati ons

Speci fi c
conductance

at25C
mi cromhos/cm

33
(30-37)

29
(22-33\

30
(26-40)

60
(4e-7sl

Di sso'lved oxygen Total
al kal i ni ty

ppm ÇaC0,

0
4.6)

9

4
r 3.6)

9 6.4
(5.6-7

pH

uni ts

6.5
(5.6-7.1)

percent
saturati on

97
( e3-ee )

97
(e6-ee )

9B
(e6-loo)

97
(er-1oo)

concentration
ppm

9-7
(s.2-r2.0)

10.
(s.6-

9.7
(8.6-il.0)

9.8
(e.2-r0.8)

B.
(4. 1-

6.8
(4.1-e.6)r)

5
6.e)

9

9
7. 3)

6.
(5.e-

6.8
(5.5-8.2)

20.2
(12.2.28.7')

9 6.
(6.6-

\¡
æ
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Tab'le 3. Record of water temperatures obtained at Þlest HastÌngs
Brook and Meduxnekeag Stream from June I to October 31,
1976. Mean temperature (C) is listed first, foilowed
by range i'n parentheses.

Locat on

Sam¡i1ing perìod West Hastings Brook Meduxnekeag Stream

June l-10

June 1l-20

June 21-30

July 'l-l0

July 11-20

July 21-31

August l-10

August I l-20

August 21-31

September 1-'10

September I 1 -20

September 21-30

October 1-10

October 'l 1-20

0ctober 2l-31

I 3 (B-18 )

I s (8-20)

N/A

N/A

r5 ( r3-20)

t6 (13-20)

14 (il-r7)

l5 (l 1-'t7 )

l5 (11-20)

ll (B-13)

12 (r1-16)

ro (7-14)

e (6-r 3)

6 (3-B)

3 ('l-6 )

IB

22

22

22

21

?2

21

21

22

17

17

't5

13

l0

6

0q-zz)

(r B-24 )

(1e-26)

(1e-2s)

('re-21 )

(21-2.4)

(zo-zs)

(20-23)

(r 8-25 )

(l 5-]8 )

('16-le)

(13-le)

(12-14)

(B-1 3)

(4-8)

N/A data not avajlable due to equipment malfunction
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Brain AChE'levels were depressed in brook trout and salmon after

spraying. The magnitude and durat'ion of the depressions, up to 48 hr

post-spray, appeared to be related to concentrations of Sevin 'in the

water (Table 4). AChE activity levels returned to pre-spray values in

most salmonids by 192 hr post-spray. I¡Jhite sucker bra'in AChE levels

were elevated after pesticide application.

tlatertemperatures increased at all four streams during the, period

when fish were collected for AChE analyses. Post-spray instantaneous

water temperatures were 2 to 13 C higher than pre-spray values. Water

temperatures were negatìvely correlated with brain AChE levels in brook

trout and landlocked sajmon, and correlation coefficients (Zar 1974)

ranged from -0.23 to -0.81. Although limited data were obtained for

white suckers, brain AChE activity 1evels were positively corre'lated

with water'temperature at Meduxnekeag Stream (r=0.97).

Fish populations -bioloqical data

Pesticide application apparently inf'luenced the feeding activity of

brook trout at Greenlaw Stream, hiest Hastjngs Brook, and the l^lest Branch

Mattawamkeag. Fish, o1ìgochaetes, and larval Simuliidae were the

princ'lpal food items consumed by trout at all three streams prior to

sprayìng. Gr.eatly increased feeding was evident in the 24 hr post-spray

stomach samples, and larval Dipterao Ephemeroptera, and Plecoptera were

the major organ'isms consumed. After 96 hr post-spray, inrnature aquat'ic

insects were not major components of the trout stomach contents, and total

stomach contents volume dec'lined to pre-spray leve'ls.

The l,lest Branch Mattawamkeag River lvas stocked with hatchery-reared

landlocked Atlantic salmon pam on May 26, 1976, two days before pre-spray

fish co]lections were obtained at that 'location. Pre-spray stomach samples
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Table 4. Changes in brain acetylcholinesterase activity levels in three species of fish captured
in four northern Maine streams in 1976. All streams received aerial applications of
Sevin 4-oil. Percent change from pre-spray activity levels is indicated in parentheses.

Sevin concentration
in water

ppb
Brain acetylchol inesterase activi ty

mi cromol es/mqlhr
Post-s

l,lest Branch
Mattawamkeag River

Brook trout
Landlocked salmon
hlhi te sucker

Ìlest Hastings Brook 0.
Brook trout

Meduxnekeag Stream 0.00
Landlocked salmon
l,lhi te s ucker

Greenlaw Stream
Brook trout

0.00 25.60

2.82

0.00 42.45

00 26.80

Pre-
spray

*
0.lB
0. 57

0:48 0.35
1 .22 1 .82 (+qgä\ I .68

Pre-
spray

Post-spray
24 hr r r r

4.44 0.54
0.37 (-35%) 0.35 (-3e%') 0.s3 (-7%:,1

t.l3
58%

0.50
0.24

-27%
+38%

(
(

)
)

0.sB (+21%)

t.7l (+q0%)

0.48 0.39 (-le%) 0.31 (-35%) 0.30 (-37%) 0.36 (-25y"')

0.54
0.44 (-1e7") 0.44 (-rer"l 0.4s (-1r%) 0.48 (-ll%)

*
value not reliable due to analytical error

oo
-{
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were not taken from sa'lmon, but al1 post-spray sa.lmon stomachs were an-

a'lyzed. Nearly all post-spray sa"lmon stomachs contained larva'l

Ephemeroptera, Trìchoptera, Diptera, and P'lecoptera. The largest number

and vo'lume of these organ'ism, however, was present in the 24- and 48

hr post-spray collections.

Brook trout and 'land'locked salmon growth, as 'indicated by conditìon

factors, was not adversely affected by pesticìde appiication in the study

streams. Trout condition factors were generally highest in early sunrner,

and they declined slightly in the fall (Table 5). A similar seasonal

pattern was. observed in the landlocked salmon captured from the l¡Jest

Branch Mattawamkeag River. Monthly condition factors were lowerin

salmon, however, than in brook trout.

Macroi nverteb rate populations

Large numbers of immature aquat'ic insects drifted shortly after

Sevin was sprayed. at l^Jest Hastings Brook. Most of the drÍft in the

June samp'les taken at l¡Jest Hastings was composed of black f1y, Simulium

Sp., larvae. Many tphemeroptera and Trichoptera larvae were a'lso captured.

Anaiysis of drift and benthic samples indicated no abnormal reduc-

tions in the aquatic insect orders most important to salmonids as food.

The, number of Ephemeroptera, Trichoptera, Plecoptera, and Diptera genera

identified in fall collections compared favorably with pre-spray samp]es

(Table 6). Except for the post-spray collections in June, drift at both

Meduxnekeag St'ream and t^lest Hastings Brook was usually highest when stream

dìscharges were also large. |,.Jithin a monthly drift collection, samples

taken at 2.l00 hr usually captured the iargest number of macroinvertebrates.



Table 5.

Spec i es ,

I ocati on

Brook trout

l,lest Branch

Mattawamkeag
Ri ver

West Hastlngs
Brook

Greenlaw Stream

Condition factqrs for brook trout and landlocked sqlmon captured frorn three streams re-
celvlng aerial applications of Seyin 4-oi1 for spruce budworm control in 1976. llean
yalues are listed first in each cÇlumn, followed by fange in parentheses. All fish
were sampled by electrofishing, except where noted.

Date
of

sample

Number
of

fi sh

l1

ll
ì0
l1

a

27
23
30
3l
43
33

25

it,
36
43
ìa

Condi tion
factor

0leight in gllength

in r¡r3) x lo5

o.e3(0.70-l.r3)May 28

June 5-12
September l4
October l9

Mav lg
June 5-12
July 13
August l8
September l3
October lB

May 17
June B-15
July 2l
August l9
September l5
November l2

I
0
0

00 0.89- I . I
0.76-t . I
0.65-1.0

(
(
(

7l
l)
3)

92
B4

0.85
I .05
I .01
0.96
0.81
0.9t

0.49-l.lB
0.81-1.26
0.69-l .54
0.71-1.1e
0.58-1 . I 3
0.75-l .20

0
0
1

0
0
0

@
(^)

96
96
01
92
B8
87

0.64-l .66
0.66-t .20
0.Bl-1.33
0.54-1.22
0.s6-l.I3
0.52-1.07
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Table 5. (continued)

Speci es,

I ocation

Landlocked salmon

l,lest Branch

Mattawamkeag
Ri ver

6 flsh angled

20 fish angìed

Date
of

sample

Number
of

fi sh

Condi ti on
factor

(weight in gllength

in mm3) x lo5

0.76(0.55-o.eo)May 28

June 6-12
July 20
August 1

Septembe
0ctober

ls

20
22
25
30
r1

7

r 14
l9

o. 76 ( o. 64-0. eo )
0. el (0. 75- I .07 )
o.e4(0.73-r.1e)
0.86(0.71-r.03)
o. 82(0.64-o. es)

a

b

æÞ
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Table 6. Number of Ephemeroptera, Trichoptera, Plecoptera, and Diptera genera identified in drift
net and Surber tamþler ðatches îrom lwo sträam sprayed with Sevin 4-oit in .l976. 

Monthly,
collections consisied of the total combined catches from two drift nets and three 0'09 m -

benthic areas.

Location
sarnpl i ng

West Hastings Brook

May

June

Ju'ly

August

September

0ctober

l4eduxnekeag Stream

l{ay

June

July
August

September

0ctober

rpe odi

Total drift
net effort

(hrs )

Mean stream
di scharge
m'/sec

dentifierl ner order,Nrrmhen -nf opnpra i

Ephemeroptera Trichoptera Plecoptera DiPte¡a a

7

5

3

3

3

6

7

B

7

5

4

I

4.5

?.0

6.0

6.0

6.0
6.0

2

2

?

2

I

I

6

3

3

5

3

4

I .68

0. sl
0.20

0.77

0.18

l.l6

2.68

0.98

0.16

2.30

0.48

1.79

12

l0
l0
l0
l0
13

l7
12

B

l0
9

l3

9

ls

4.5
2.0
6.0

6.0

6.0

6.0

t0
I

10

t?
B

ll

7

6

B

2A

æ
úr

a Diptera identified to family level are not included, i.e. Chironomidae
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DISCUSSTON

In recent years, measurements of brain,AChE activity 'levels has

been used to indicate exposure of.various animals to pesticides. Este-

rase inhib'iting pesticides bind to the active site of the AChE molecule,

thereby d'isrupting synaptìc transmission of nerve impulses (Coppage and

Matthews 1974). Many organophosphate and carbamate pesticides produce

reversible depressions of AChE activity in fish (hlil'liams and Sova i966;

Hol1and et al.1967; Coppage 1972). AChE reductions exceeding 80% of

normal values can belethal in fish (Coppage and Matthews 
.l974). 

En-

vironmental factors can be infiuence this enzyme, as Hogan (1970) found

that AChE acitvity in bluegi'l'l (Lepomis macroch'irus) varied directly

with water' temperature.

Marancik (T976) reported ACht reductions lastjng up to 48 hr post-

spray'in brook trout and landlocked Atlantic salmon taken from three

northern Maine streams sprayed with Sevin in 1975. Although most AChE

activit'ies approached nonnal levels within 48 hr post-spray in the same

species sampled in my ;study, the magnitude of the depressions recorded

tn 1976 generally exceeded those reported by Maranc'ik. Íhe 24 hr post-

spray concentratjons of Sevin in the operational spray areas were also

larger in .1976 than in Marancik's 
.1975 study. The magnitude of the AChE

depressions may have been reiated to the .larger Sevin concentrations in

the water, however, the degree of AChE inhibition is not always related

to the amount of inhibitor present or to iength of exposure (Gibson et

al. 1969)

hlhite suckers experienced AChE elevations after spraying in .l975

(Marancik .l976) 
and in '1976. hlhereas water temperatures increased only

slightly between Marancik's pre- and post-spray collections' a range of
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l3 C was recorded between the pre- and post-spray samples taken at

Meduxnekeag Stream 'in '1976. Because white sucker AChE activities were

eievated after spraying in both yearS, the effect of water temperature

in this instance is not clear. AChE activity increases have not been

reported in other species of fish exposed to pesticide appljcation.

Fish exposed to Sevin accumulate only small amounts of the pesti-

cide in their tissues (Korn .l973). 
Marancik (1976) reported no detec-.

table residues of Sevin ín fish tissues collected'in Maìne in 1975. In

my study, Sevin was not detected in pre-spray fish co'llections, and it
is not ìike'ly to be found when post-spray analyses are completed by the

U.S. Fish and tli'ldfife Service's Fish Pesticide Research Laboratory in

Columbia, Missouri.

The fish species examined in 1976 contained background levels of

DDT in their tissues, but no organophosphate pesticides or PCB residues

were detected. ïhe toxicity of Sevin is increased 'in brook trout con-

taining background concentrations of PCB (Aroc'l or 1254) (Schoettger and

Mauck '1976), though synergìstic relationships between Sevin and DDT have

not been reported.

Atlantic salmon exposed to some organophosphate or organochlorine

pesticides may experience increased vulnerability to predation (Hattieid

and Anderson 
.l972), reductions in temitorial behavior (Symons .l973),

delayed behaviora'l deve'lopment (Di11 and Saunders I974), and abnorrnal

temperature selection (Ogiivie and Miller 1976). Sevin is 'less toxic to

sa1monids than many organochlorine and organophosphate pesticides formeriy

used to control forest pests (schoettger and Mauck 1976). Peterson (1976)

found temperature selection was not altered in Atlantic salmon exposed

to Sevin. 0ther effects of Sevin on fish behavior are not known.
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Condition factors are usefu'l for comparing the relative we'|1 be,ing

of fish popuìations (Everhart et al. 1975). Previous studies in Maine

have reported condition factors for brook trout from unsprayed streams

(Rupp 1953) and streams sprayed with DDT (La$rie'1975). Rupp examined

month'ly condition factors for trout angled from May to August at Sunkhaze

Stream, Penobscot County, Maine,. He reported maximum condition factors

in early surrlner and a slight decline in late summer. In all months

examined, the trout from Sunkhaze Stream had condition factors I O-20%

greater than those observed in the present study. LaBrie examined growth

parameters in brook trout from 33 streams 'in northern Maine. Most of

these streams had received aerial appl'ications of DDT from'1950 to 1967,

but some had not been sprayed during that intervaj. LaBrie classified

the streams as controls, heavy, or med'ium treatments depending on their

spray history, and he col'lected 5-'ll trout from each stream by angling

from June 16-30, 1970. He found that condition factors were not signi-

f.icant'ly different between the controls and two DDT treatment classes.

The mean June condition factors ranged from 0.94 to .l.01 in LaBrie's

study. In 1976, condition factors for brook trout captured in June from

the three streams treated with Sevin ranged from 0.96 to 1.05.

Effects- of Sevin on salmonid growth have not been examined prior to

this study. Warner and Fenderson (1962) reported brook trout growth

increased in several northern Maine streams one year after DDI spraying'

possibly due to a reduced density of trout and other fishes in the sprayed

streams. Differences in trout condition factors between my 
.1976 

data

and Rupp's (1953) may be'largely due to factors other than pesticide

application. These factors include differences in productiv'ity of the

streams, variations in environmental conditions among years, and
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differences in capture method. Some studies report higher condr'tion'

factors in brook trout captured by angling than in those captured by

electrofishing; (Carlander 1969). Alì of Ruppls data came from fish that

were angled whereas 98% of my trout were taken by electrofishing

ùfater 'leveis and temperatures v,rere extremeiy favorable for'

salmonid surv'iva'l in streams. in northern Maine in 1976. It is assumed

that growing conditions for trout were also favorable. Aìthough data'

from this study are not conclusive, brook trout growth does not appear

to have been affected in streams treated with Sevin 4-oiT in 1976.

The effects of pesticide appiication on populations of stream

macroinvertebrates are often difficult to assess. Dramatic changes

ln numbers of organisms collected in drift or benthic samples collected

several days apart can occur in both treated and untreated streams

(Dimond 1967; Rabeni and Gibbs .l976). 
Due to the uncertainties concerning

changes in total numbers of insects, come investigators believe altera-

tfons in communlty structure provide better informatjon on the effects

of a pesticide on aquatic insects (Dirnond 1967; Ide 1967).

In the present study, aerial applications of Sevin did not appear

to adversely affect the diversity of the aquatic insect orders most im-

portant as food for juvenile salmonids. The short-term increase in the

dríft of larvae observed at hlest. Hastings Brook was probab'ly attributable

to the sprayìng. Feeding leve1s of brook trout captured in l.lest HastÍngs

Brook suggest maximum drift occurred wihtin 48 hr post-spray and a return

to "normal" drift levels was undenvay by 96 hr post-spray. Drift samples

collected throughout the summer at l,lest Hastings Brook and Meduxnekeag

Stream showed that the norma'l pattern of increased drift after darkness

established for many aquatic insects (l.Iaters 1962) was not altered by

J
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spraying. Burdick et a]. (1960) reported substantial reductions in

aquatìc insect popu'lations based on benthic sampìes taken in two New

York streams treated with Sevin. The dosage used ín Burdick's study,

1.40 kg/hectare, was nearly twice that used 'in Maine in 1976. Based

on the number ofgenera identified in pre- and post-spray samples, the

qua'lÍty of the aquatìc insect conununity in the streams examined in 1976

was not adversely affected by the.app'lications of Sevin.

CONCLUS ION

The spraying of Sevin 4-oii for spruce budworrn control in 1976 did

not cause detectably significant'harm to the salmon,ids and macroinver-

tebrates in the streams examined. Short-term brain AChE depressions

occurred. in brook trout and landlocked Atlantic salmon. Growth patterns

during the open water season did not seem to be ajtered by the spraying,

but water temperatures and flows were extremely favorable for salmonids

in northern Maine stream in 1976. The diversity of aquat'ic insect

populations was not reduced, a'lthough most orders of insects experienced

increased drift rates inrmediately after apraying.

No potentìai effects of pesticide appiication on salmonid fry were

învest'igated in thjs study. Future work should include this life stage

because the continuation of naturally produced fish populations depends

on growth and survival of young-of-the-year,

Few studies have been designed to assess the impact of sublethal

AChE depressions in fish. Organophosphate pesticides are known to cause

AChE depressions. Sub-iethal exposures to Fenitrothion, an organophos-

phate compound, have altered the behavior (symons 1973) and reduced the

survival (Hattield and Anderson 1972) of juvenile Atlantic sa'lmon.

J
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Carbamate pesticides such as Sevin, produce AChE reductions, but their

effects on fish behavior are general.ly unknown. Examination of the

behavi'or'of fish, particularly while they are experiencing a pesti.cide'

induced AChE reduction, are badly needed. WÍthout this type of in-

formatlon, the ultimate effect of a pesticide on fish popu'lations cannot,

be detennined.

{
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