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Distribution of Pelagic Fishes in the Sheepscot
River—Back River Estuary, Wiscasset, Maine

CoNraD W. RECKSIEK AND JAMEs D. McCLEAVE

Department of Zoology, University of Maine,
Orono, Maine 04473

ABSTRACT

Fifteen species of pelagic fishes were collected in 156 gill net sets at eight locations in the
Sheepscot River-Back River estuary, Wiscasset, Maine, June 1970 through December 1971
Highest catches occurred June through August. Only the rainbow smelt is a year-round resident.
Differences in abundance in space and time are apparently related to temperature. During the
summer, alewives, blueback herring, and Atlantic menhaden were most abundant in the relatively
warm Back River estuary, while Atlantic herring, Atlantic mackerel, and spiny dogfish were
most abundant in the more oceanic Sheepscot River estuary. Prolonged near-freezing tempera-
tures apparently limit the time pelagic fishes spend in the estuary and limit the number of species
which can inhabit it. It is hypothesized that the distribution of pelagic species which exhibited
preferences for colder water, such as Atlantic herring, would be most affected by artificial warm-
ing of the surface waters of the Back River estuary, if a new atomic powered generating plant
were allowed to discharge heated effluent directly into it.

INTRODUCTION

This study was designed to determine the
relative seasonal abundance of pelagic fishes
in the Sheepscot River-Back River estuary,
Wiscasset, Maine, and to evaluate the effects
of sampling location, temperature, and salinity
on the occurrence of principal species. This
investigation is part of an effort by several
investigators to provide basic ecological in-
formation prior to the completion of a 855-
megawatt atomic electric power plant.

Fish distribution studies from North Amer-
ican east coast inshore areas and estuaries
have dealt with both pelagic and demersal
components. Seasonal occurrence of fishes
has been studied in a Georgia salt marsh
(Dahlberg and Odum, 1970), in shore habitats
near Beaufort, North Carolina (Tagatz and
Dudley, 1961), on Virginia’s eastern shore
(Richards and Castagna, 1970), Chesapeake
Bay and York and Pamunkey Rivers (Mass-
mann, 1962), in the Delaware River estuary
(de Sylva, Kalber, and Shuster, 1962), the
surf waters of Long Island (Schaefer, 1967),
the Mystic River estuary (Pearcy and Rich-
ards, 1962), near Woods Hole, Massachusetts
(Lux and Nichy, 1971), in the Annisquam
River—Gloucester Harbor (Massachusetts)
coastal system (Jerome, Chesmore, and Ander-
son, 1969), and Passamaquoddy Bay (Tyler,
1971). Kinne (1964) stated that: “In the

open ocean where salinities are rather con-

stant, temperature usually represents the
master factor controlling . . . distribution.
In coastal areas and estuaries distribution
depends increasingly on both factors, with
varying degrees of dominance of either one.”
The effects of hydrographic conditions upon
distribution of North Atlantic fishes have been
treated extensively in a symposium (ICNAF,
1965). The influence of temperature on the
distribution of fishes was discussed by Brett
(1970). Hela and Laevastu (1962) sum-
marized known temperature optima for several
species. The relation of estuarine organisms
to salinity is reviewed by Pearse and Gunter

(1957) and Gunter (1961).

DESCRIPTION OF STUDY AREA

Stickney (1959) described the hydrography
and geography of the Sheepscot River estuary
and its relation to the Kennebec River estuary.
The Back River estuary is separated from the
Sheepscot River by Westport Island (Fig. 1).
A narrow causeway connects the island and
the mainland. The atomic power plant is
located near sampling station G2 where Back
River widens into Montsweag Bay. Except
for a navigable channel from Hockomock Bay
to the causeway and from near G3 into Mont-
sweag Brook, Montsweag Bay is shallow and
almost exposed at low tide.

The flood tide into Back River and Mont-
sweag Bay flows south through the narrow

541



Downloaded by [University of Maing] at 11:04 22 December 2011

542 TRANS. AMER. FISH. SOC., 1973, NO. 3

HIGHWAY
BRIDGE

WISCASSET

STUDY
AREA
o} 1
| M

KILOMETERS

CAUSEWAY

BERRY [ISLAND

G1
POWER

PLANT

MONTSWEAG
S

BROOK
(7

WESTPORT
ISLAND

Ficure 1.—The Sheepscot River-Back River estu-
ary, Wiscasset, Maine, showing gillnetting stations
G1 through G8. Contour depth = 3 m.

causeway opening and north through Hocko-
mock Bay. Tidal currents from Berry Island
(Gl) to around G2 are sufficiently weak to
permit seasonal icing over. At G3 strong tidal
currents follow the channel. Near G4 tidal
currents are mild. Local tidal currents, created
by large eddies, are irregular and unpredict-
able. At G5 the currents are powerful and
follow the channel. Near G6 in Cross River
tidal current directions vary greatly with tidal
stage.

MATERIALS AND METHODS

Sampling stations were selected near and
at increasing distances from the power plant
to determine the distribution of pelagic fish
fauna; however station selection was influ-
enced by tidal currents and weather considera-
tions. Stations G1, G2, G3, and G7 are in
the Back River estuary, and stations G4, G5,
G6, and G8 are in the Sheepscot River estuary
(Fig. 1).

Pelagic fish were sampled with cross-
channel, anchored gill nets fished from a
bow roller on a 5-m fiberglass skiff (Boston
Whaler). The gill nets were of three mono-
filament nylon panels, each panel 2.4 m (8 ft)
X 15.2 m (50 ft) with 5.1 em (2 in), 1.3 cm
(*2 in), 2.5 cm (1 in) bar mesh. The sinking
gill net was suspended so as to fish 1.9 m
(6 ft) below the surface.

The efficiency of gill nets is reduced in
strong currents and winter weather conditions
prevented regular sampling in open areas.
Thus south Montsweag Bay and the main
channel of the lower Sheepscot River estuary
were not sampled because of strong currents.
Six stations (G1-G6) were sampled through-
out the study. G8 was exposed to winter
weather, and served only as a supplemental
station during the summer of 1971. G7 was
sampled the same summer.

Regular sampling was conducted from June
1970 to December 1971 during neap tides
after full moon. During the summer, samples
were collected fortnightly on the neap tides.
Two consecutive nights (winter) or three
consecutive nights (summer) were needed to
fish all stations. The first station net was sct
at about 1500 EST and was retrieved at about
0700 EST the next morning. Remaining nets
were set and retrieved as soon as possible
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thereafter. Sampling was suspended in Back
River from January through March 1971 and
in the Sheepscot River in January 1971 due
to ice conditions.

A water sample was collected at a depth
of 1.9 m at the beginning and conclusion of
each set by means of a Meyer sampler. The
two samples were mixed and the salinity deter-
mined by hydrometer. A continuous record
of temperature was obtained from a thermo-
graph suspended at a depth of 1.8 m.

The catches were fixed in 10% formalin for
at least 10 days and preserved for study in
50% 2-propanol. Striped bass and spiny dog-
fish were studied fresh. The numbers and
total weight of each species were recorded.
The 1.3-cm and 2.5-cm mesh selected specific
sizes of Atlantic herring, alewife, and blueback
herring. These species were separated on the
basis of size into two groups and the numbers
and weights recorded.

Catches, expressed as both numbers and
weights, of those species which were frequently
encountered at G1, G2 and G4 were treated
statistically. Catches at the other stations were
not used for quanitative comparisons since
tidal currents were believed to have decreased
the efficiency of the gill nets. The experi-
mental model was a two-factor randomized
complete-block design. Analysis of variance
was employed in testing the null hypotheses
that the effects of sampling location (factor
1, 3 levels; G1, G2, G4), months (factor 2,
7 levels; June through December), interaction
between months and sampling locations, and
year (blocks, 2 levels; 1970, 1971) were non-
significant. In summer, when two samples
were collected per month, only those collected
during the neap tides after full moon were
used in this analysis. Duncan’s new multiple-
range test was used to test for significant
differences among main effect levels when
interaction was nonsignificant. When interac-
tion was significant, as was the case only with
numbers and weights of Atlantic menhaden,
Duncan’s test was performed separately for
each sampling location to detect differences in
time. Analyses of like design were conducted
for summer data with catches during fort-
nightly neap tides in 1970 and 1971 (factor 2,
6 levels; June through August).

TaBLE 1.—Percentage composition by numbers and
weights of the pelagic fish catches in Sheepscot
River-Back River estuary, June 1970 through De-
cember 1971

Percent Percent
of total of total
numbers weight
of catch  of catch
Alewife (Alosa pseudoharengus) 41.5 21.9
Blueback herring (Alosa aestivalis 23.1 15.3
Atlantic herring (Clupea harengus 21.9 3.1
Rainbow smelt (Osmerus mordax) 5.7 1.5
Atlantic menhaden (Brevoortia tyrannus) 3.6 16.4
Atlantic mackerel (Scomber scombrus) 2.0 3.4
Spiny dogfish (Sgualus acanthias) 1.4 34.8
American shad (Alosa sapidissima) 0.4 0.6
Striped bass (Morone saxatilis) 0.2 2.7
Silver hake (Merluccius bilinearis) }
Butterfish (Peprilus triacanthus)
Bluefish (Pomatomus saltatrix) 0.2 0.3

Hickory shad (Alosa mediocris)
Pollock (Pollachius virens)
White perch (Morone americana)

RESULTS AND DISCUSSION

Fish Catches in Sheepscot
and Back Rivers

This study yielded 9,840 individuals of 15
pelagic species in 156 gill net sets (Table 1).1
Six species of demersal fishes, outside the
scope of this study, were occasionally caught
in gill nets.

Most of the common pelagic fish species of
the Sheepscot River-Back River estuary were
encountered May through November, with the
largest catches occurring June through August
(Fig. 2). With the exception of rainbow smelt
and perhaps white perch, they leave the estu-
ary during the winter months.

Differences between the Sheepscot River
and Back River faunas were particularly strik-
ing during the summer (Fig. 2). Catches in
the Back River estuary, in terms of both
numbers and weights, were dominated by
alewives and blueback herring. Atlantic men-
haden contributed markedly to the weight of
the catches. In the Sheepscot River estuary
Atlantic herring were dominant numerically
and spiny dogfish dominated by weight. At
G6 in Cross River spiny dogfish even dom-
inated numerically. Large catches of Atlantic
mackerel at G8 in the lower Sheepscot River
estuary in summer suggest that this fish may
play an important role in the ecology of the
lower estuary.

1 A table of catch numbers and weights for all eight
stations and all sampling periods is available from
the junior author upon request.
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Ficure 2.—Seasonal abundance of the major pelagic fish species at one station in Back River estuary
(G2 —), one in the Upper Sheepscot River estuary (G4 - - +), and one in the lower Sheepscot River
estuary (G6 ——-), June 1970 to December 1971.



Downloaded by [University of Maing] at 11:04 22 December 2011

RECKSIEK AND McCLEAVE—PELAGIC FISH DISTRIBUTION IN MAINE 545

The statistical analyses support the infer-
ence that the summertime pelagic fish fauna
of the Back River estuary is distinct from that
of the Sheepscot. Analyses of weights of fishes
caught gave essentially the same results as
those for numbers. For all species analyzed,
with the exception of rainbow smelt, catches
at the two stations, G1 and G2, in the Back
River estuary were never significantly differ-
ent from each other (Table 2). During the
summer, significantly more alewives, blueback
herring, and Atlantic menhaden were cap-
tured in Back River than at G4 in the Sheep-
scot River estuary. Significantly more spiny
dogfish and Atlantic mackerel were collected
at G4 in the Sheepscot than at the Back River
estuary stations. Differences in the catch of
Atlantic herring were not statistically signifi-
cant, yet 75% of all Atlantic herring collected
were from G4 in the Sheepscot River estuary.

Differences between species composition of
fishes caught in the Back River and Sheepscot
River estuaries became less distinct through
the fall and during the spring. During this
time Atlantic herring appeared more frequently
at the Back River stations, and Atlantic men-
haden were caught in the Sheepscot River
estuary in the late spring.

For the species analyzed, differences in
catches between 1970 and 1971, with the
exception of American shad, were nonsignifi-
cant. Significantly more American shad were
caught during 1971 than 1970.

The stations in the Sheepscot River estuary
were more saline than those in the Back River
estuary (Fig. 3). During the summer G8 in
the lower Sheepscot and G6 in Cross River
were the coldest, followed by G4 and G5 near
Wiscasset, followed by stations in the Back
River-Montsweag Bay area (Fig. 3). In the
winter the temperature regime reversed, i.e.,
the Back River stations were coldest followed
by G5 and G4 in turn followed by G6.

Role of Temperature and Salinity

The effects of temperature on fish distribu-
tion have been emphasized (Hela and Lae-
vastu, 1962; Kinne, 1964; de Sylva, 1969)
often to the near exclusion of salinity. How-
ever, the latter may be a most important factor
in distribution of estuarine organisms (Gunter,
1961), but it is often difficult to determine

TaBLE 2—Significant differences in mean numbers
of pelagic fish collected by gillnetting at stations
Gl, G2, and G4 in the Sheepscot River-Back River
estuary, Wiscasset, Maine as determined by Dun-
can’s new multiple-range test (P < .05). Data for
1970 and 1971 and for monthly sampling periods
June through December, and fortnightly sampling
periods June through August combined. Means not
underscored by the same line are significantly

different

Species Monthly Fortnightly

Spiny dogfish
Blueback herring
Alewife

American shad
Atlantic menhaden

Duncan’s test Gl G2 G4
not performed -
G4 Gl G2 G4 G2 Gl

G2 G4 Gl G4 G2 G1
G4 Gl G2 G4 Gl G2

Atlantic herring
Rainbow smelt
Atlantic mackerel

if the link between salinity and distribution is
direct (Holliday, 1971). Some inferences can
be drawn from our study on the roles of
temperature and salinity on the abundance in
time and space of several pelagic fishes in the
estuary. The effects on fish distribution of
artificially high temperatures, which would
result from unrestricted power plant opera-
tion, can also be hypothesized for some of
the dominant pelagic species.

About 99% of the spiny dogfish were col-
lected at water temperatures between 8 C and
16 C. On a catch-per-net-set basis preferences
for temperatures between 10 C and 14 C (Fig.
4) and salinities above 28% (Fig. 5) are
evident. Jensen (1966) concluded from survey
data that “dogfish in the Northwest Atlantic
prefer bottom water between 7.2 C and 12.8
C.” Leim and Scott (1966) stated that spiny
dogfish do not appear until the temperature
reaches 5.6 C and leave if it exceeds 15.6 C.
Their virtual exclusion from surface waters
of the Back River estuary suggests that these
waters constitute a hostile environment
throughout the year: too cold in winter, too
warm in summer, and not saline enough in
spring. In the lower Sheepscot River estuary
where salinities are high throughout the year,
dogfish are found only when temperatures
exceed about 8 C.

Atlantic herring show a distinct preference
for temperatures between 10 C and 16 C (Fig.
4). Since they were captured over a wide
range of salinities (Fig. 5), temperature is
apparently a more important factor influenc-
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ing distribution. The scarcity of Atlantic
herring in the Back River estuary during the
summer implies that their distribution is prac-
tically limited to temperatures under 16 C.
Exposure for 14 hr to temperatures above
23 C were lethal to yearling Atlantic herring
acclimated to 15 C (Blaxter, 1960). Exposure
for 48 hr to 21.2 C caused 50% mortality in
Atlantic herring held at 8 C-11C (Brawn,
1960). Stickney (1969), in a laboratory study
of orientation of juvenile Atlantic herring to
temperature and salinity, established a tem-
perature preference of 12 C in fish acclimated
to 15C. Bérzin§ (1949) found that most
small Atlantic herring, in the Gulf of Riga,
were caught between 8 C and 12 C. In this
study Atlantic herring were relatively scarce
at all stations during August, and those caught
were most frequently in the cooler Sheepscot
River estuary. Under natural conditions the
Back River estuary during the warmer months
is a marginal habitat for Atlantic herring.
Any pronounced warming of the Back River
estuary will likely exclude Atlantic herring
from the area.

An optimum temperature range of 12 C to
14 C has been reported for Atlantic mackerel
(Dannevig, 1955), and the highest tempera-
ture at which they commonly occur is 20 C
(Bigelow and Schroeder, 1953). Although
Atlantic mackerel were commonly caught at
temperatures of 18 C to 20 C in this study,
most were caught in the Sheepscot River
estuary, not in Back River. This tendency
would probably be strengthened during the
warmer months should temperatures rise over
20 C. Sette (1950) concluded that water colder
than 7 C or 8 C forms a temperature barrier
to northward springtime advance of the Atlan-
tic mackerel contingent which summers in the
Gulf of Maine. Our observations substantiate
this conclusion as we caught no mackerel at
temperatures below 9 C.

Blueback herring, alewives, and American
shad all showed a peak in catch-per-net-set
at the highest temperatures sampled (18 C to

20 C) and they were not caught at low tem-
peratures (Fig. 4). All three species were
caught over a wide range of salinities (Fig.
5), but peak catches were in the 22%. to 26%.
range. All three were more abundant in the
Back River estuary than in the Sheepscot
during the summer months, which suggests a
preference for warmer water. Graham (1956)
reported a tolerance limit (the water tempera-
ture extreme permitting 50% survival after
40 hours) of 23 C in yearling alewives ac-
climated to 9 C. Trembley (1960) found an
upper tolerance limit range of 26.7 C to 32.2
C. Marcy, Jacobson, and Nankee (1972) re-
cently reported field studies which suggest
that the upper natural temperature limit of
young shad, and probably blueback herring
as well, may be about 30 C. Alewives, blue-
back herring, and shad were caught in about
the same relative percentages over the same
temperature intervals, and since over 90%
were caught above 14 C and in the warmer
(summer) Back River estuary, it is apparent
that they should tolerate more artificial warm-
ing of the habitat than species more typical
of the Sheepscot River estuary. Since no gill
nets were set in water above 20 C, a definite
preference range cannot be stipulated, yet
16 C to 20+ C seems reasonable.

Most Atlantic menhaden were caught in the
Back River estuary during the summer sug-
gesting a preference for warmer water (Fig.
4). Their distribution seems less influenced
by salinity (Fig. 5). Reintjes (1960) stated
that the movement of Atlantic menhaden north
in spring and south in autumn along the
Atlantic coast coincided with the seasonal shift
of the 10 C isotherm. Only about 7% of the
Atlantic menhaden in this study were caught
below 10 C. Although they were caught over
a wide range of temperatures (Fig. 4), there
were peaks in abundance in August and Sep-
tember in the Back River estuary (Fig. 2).
During July through September temperatures
in Back River were consistently within the
15 C to 20 C preferred temperature range re-

&«

Ficure 3.—Average salinity and temperature during gillnetting at stations G1, G2, G3 (—), G4, G5
(---), and G6 (——-) in the Sheepscot River-Back River estuary, Wiscasset, Maine, June 1970 through
December 1971. Stations significantly different (Duncan’s new multiple-range test, P < .05) drawn with

different symbol.
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ported for menhaden by Goode (1879). A
preference for 15 C to 20+ C water seems con-
firmed by this study, but since nets were not
set at temperatures above 20 C, effects of
artificially warmed water on the distribution

of Atlantic menhaden are difficult to predict.
It seems unlikely that moderate increases
would alter their distribution in the estuary.
Rainbow smelt were collected in relatively
small numbers over the widest temperature
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fish species of the Sheepscot River-Back River estuary, June 1970 to December 1971. All stations and dates

combined.

range (0 C to 20C, Fig. 4) and the widest
salinity range (14%. to 31%., Fig. 5) in both
the Sheepscot River and Back River estuaries.
Since a tolerance limit of 21.5C to 28.5C
depending on acclimation temperature has
been reported by Huntsman and Sparks
(1924), it seems unlikely that a moderate
temperature increase will adversely affect
smelt distribution in Back River.

For the other pelagic species, the outcome
of any artificial warming cannot be predicted
due to their scarcity in the gill net catches.

Comparison With Other Studies

Although direct comparisons of the results
of this study with those of others are difficult
due to dissimilarities of gear, some generaliza-
tions can be made. Tyler (1971) concluded
from his trawling study of the fish community
in a deep portion of Passamaquoddy Bay, New
Brunswick, that “in temperate regions, in-
shore, deepwater fish communities are made
up of regular, summer, and winter periodic
components. There are also numerous occa-
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sional species. Spring and fall seasons are
transitional with regard to fish fauna. Forma-
tion of temporal components is largely related
to temperature regime, . . . At latitudes where
there is relatively greater annual temperature
fluctuation, there are proportionately more
species in the temporal components and fewer
in the regular component.” The results of this
study support Tyler’s conclusions that forma-
tion of temporal components is largely related
to temperature regime, and that with greater
annual temperature fluctuation, more species
are in the temporal component than in the
regular component. The pelagic fish fauna in
the Sheepscot River-Back River estuary, where
annual temperature variation is greater than
in nearby Passamaquoddy Bay, is wholly tem-
poral with the exception of rainbow smelt
(Fig. 2). In addition, there is no species, with
the possible exception of Atlantic herring,
which can be termed a “winter periodic.” It
would be more properly termed a “spring/fall
periodic” in this estuary.

Norden (1966) and Fox and Mock (1968),
in their studies of seasonal occurrence of fishes
in two Louisiana bays, encountered annual
temperature ranges of 20 C (6 C to 35 C) and
25C (10C to 35C), respectively. These ranges
are not much greater than the range in the
Back River estuary (Fig. 3). Fox and Mock
(1968) in Barataria Bay, found the number
of fish and fish species to be lowest during
winter and highest during summer. Norden’s
(1966) data from Vermilion Bay exhibited the
same trend. He stated that “water tempera-
ture, rather than salinity, appears to exert a
greater influence on the seasonal movements
of fishes in and out of Vermilion Bay.” Tem-
poral components dominated the Louisiana
pelagic fish faunas which were generally more
diverse than those of the present study.

Richards and Castagna (1970), in a beach
seine and trawl survey in inlet, mid-channel,
inshore beach, and tidal creek habitats of
Virginia’s eastern shore, recorded tempera-
tures from 4.0C to 31.5C. The temporal
component dominated the pelagic fauna.
Several pelagic species encountered could be
properly termed winter periodics. Catches
were heaviest during the summer months.
They classified only one pelagic fish, the bay
anchovy (Anchoa mitchilli) as a resident.

Yet if a sampling scheme similar to the one
in the present study had been used, more
species may have qualified.

Evidently, prolonged near-freezing tempera-
tures rather than yearly temperature range
most severely limit the occupation of tem-
perate estuaries by pelagic fish. Virtually all
the pelagic fish leave the Sheepscot River—
Back River estuary December through March.
The number of species which are able to
occupy the estuary is likewise affected.
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