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ly occupied by these species in many
areas of the Northwest Atlantic.

Since the mid-1970s sandlance
have become increasingly important
in the Gulf of Maine as prey for com­
mercial fish (Bowman et al. 1984),
seabirds (Powers and Backus 1987),
pinnipeds (Payne and Selzer 1989),
and baleen whales (Overholtz and
Nicolas 1979, Hain et al. 1982, Payne
et al. 1986). Sandlance were the only
confirmed prey of the humpback
whale Megaptem novaeangliae be­
tween 1975 and 1979 (Hain et al.
1982, Mayo 1982) and the only prey
significantly correlated with the dis­
tribution of humpbacks in the Gulf
of Maine between 1978 and 1982
(Payne et al. 1986). Also, fin whales
Balarnwpte'ra physalus, sympatric
with humpbacks in this region, have
frequently been observed exploiting
sandlance (Overholtz and Nicolas
1979).

Two other species of large baleen
whales, the northern right whale
Eubalaena glacialis and the sei whale
Ba.la.enoptera borealis, also occur in
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During the mid-1970s, a dramatic in­
crease in the abundance of &andlance
Ammodytes spp. * precipitated a sig­
nificant change in the abundance and
composition of the ichthyofauna in
the shelf waters of the northeastern
United States (Smith et al, 1978,
1980; Morse 1982), The population
explosion of sandlance coincided with
a 50% reduction in total finfish bio­
mass in the same region between
1968 and 1975 (Clark and Brown
1977). This decrease was primarily
due to the commercial depletion of
stocks of herring Cl-upea harrn~gus

and mackerel Scomhrn' scombrus (An­
thony and Waring 1980, Grosslein et
al. 1980). A concurrent increase in
sandlance abundance following the
depletion of North Sea herring and
mackerel stocks led Sherman et al.
(1981) to suggest that sandlance had
taken over ecological niches previous-

• Two species of this genus, A. american1t8 and
A. dubius, occur in the shelf waters of the
northeastern United States (Richards et al.
1963, Reay 1970, Richards and Kendall 1973,
Meyer et aI. 1979, Richards 1982).
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Abstract.- Significant changes
in the biomass of sandlance Ammo­
dytes spp. and in the abundance of
the copepod Cal<mw; finm.archicus
in the southern Gulf of Maine co-oc­
curred with a shift in the occurrence
and abundance of four species of ba­
leen whales in the region. During the
years 1982-88 the abundance of
sandlance was negatively correlated
to the abundance of C. fin'marchiC'us
(1', = -0;883, P<0.05). Peak years
of abundance for C. jinmarchicus
during 1982-88 in the study area
were the lowest years of abundance
for sandlance. The abundance of C.
jinmarchicus and sandlance was at
a regional maximum during 1986
and 1988, respectively.

The abundance of humpback and
fin whales were marginally corre­
lated to each other (1', = 0.3338, P<
0.08). The abundance of humpbacks
was negatively correlated with right
whales (r, = -0.7753, P<O.OOl) and
sei whales (r, = -0.5507, P<O.Ol).
The patterns of occurrence for right
and sei whales were significantly re­
lated to each other (1', = 0.6842, P<
0.001). Right and sei whales were
common in the region only during
1986, when copepod abundance
reached a regional maximum and
sandlance abundance a regional
minimum. These patterns of whale
occurrence reflect known prey pref­
erences, and are therefore expected
between the pisciverous humpback
and fin whales and the highly plank­
tiverous right and sei whales.

We hypothesize that the spatial
distribution and abundance of baleen
whales in the Gulf of Maine can be
characterized as a series of ecological
responses to human-induced changes
in the abundance of planktiverous
finfish.
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the Gulf of Maine (CeTAP 1982, Watkins and Schevill
1982, Kraus 1985, Schevill et al. 1986, Weinrich et al.
1986, Hamilton and Mayo 1990). Both of these species
have been characterized principally as "skim feeders"
(Nemoto 1959, Kawamura 1974, Nemoto and Kawa­
mura 1977) which subsist primarily on dense swarms
of calanoid copepods, notably Calanusfinmarchicus in
the North Atlantic (Mitchell 1975a, 1975b; Jonsgard
and Darling 1977; Mitchell and Chapman 1977; Winn
et al. 1986; Wishner et al. 1988; Mayo and Marx 1990),
in preference to schooling fish (Watkins and Schevill
1979).

This similarity in prey preference led Mitchell (1975a)
to hypothesize that competition between these two
whale species might have adversely affected the recov­
ery of the right whale in the western North Atlantic.
However, sandlance are also known to play an impor­
tant trophic role as a major predator of copepods,
especially C. finma.rchicus (Monteleone and Peterson
1986, Meyer et al. 1979). Given their abundance and
prey selectivity towards copepods, Kenney et al. (1986)
proposed that sandlance represented a more significant
competitor to right whales for copepodite prey than sei
whales (as suggested by Mitchell 1975a).

The existence of some degree of intra- and inter­
specific competition between rightJsei whales and sand­
lance (ecologically similar species) for a common prey
is generally accepted, but is difficult to demonstrate.
An overlap in preferred prey is at best a qualitative
phenomenon, and offers only "soft corroboration"
(from Strong et al. 1984) as evidence for competition
between these species. Another approach (used by
Smith 1968,1970; Eck and Wells 1987), which we have
adopted for the purpose of this study, is to look for a
demonstrable shift in the ecological balance between
competing species, or the complete replacement of one
competing species by another. In this paper we ex­
amine the ecological relationships between sandlance
and two of its major predators, the humpback and fin
whale; between sandlance and its major prey, the
copepod Calanus finmarchicus; and between sandlance
and two potential competitors for C. finmarchicus in
this region, the right and sei whale.

Methods

Study area

In this paper we have focused on Stellwagen Bank (Fig.
1), a glacial deposit of sand and gravel in the southwest
Gulf of Maine that is associated with high levels of
biological productivity and a rapidly developing com­
mercial whalewatching industry. The margins of the
bank are defined by the 40-m isobath with depths as
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low as 18 m. Since the early 1980s whalewatching
vessels have provided intensive survey coverage of
cetaceans in the area from June through September
of each year.

Collection and treatment of data

Fisheries data Data on the abundance of sandlance
used here were collected on Stellwagen Bank and im­
mediately adjacent waters by National Marine Fish­
eries Service, Northeast Fisheries Center (NMFS/
NEFC) biologists and technicians during standard­
ized NMFS/NEFC spring bottom-trawl surveys. The
NMFS/NEFC survey area has been spatially stratified
into approximate ecological units based principally
on depth (see Grosslein 1969). Stellwagen Bank is a
principal bathymetric feature in the Gulf of Maine­
NMFS/NEFC stratum #26. The number of sandlance
caught per tow in stratum #26 (for each spring survey)
was transformed into logarithmic values, and the mean
number of sandlance (transformed data) was con­
sidered representative of Stellwagen Bank and used
in all further analyses, a procedure which follows that
described in Payne et al. (1986).

The Calanus finmarchicus data were also collected
by NMFS/NEFC personnel. A transect across the Gulf
of Maine has been sampled with the Hardy Continuous
Plankton Recorder (CPR) since 1961 (Jossi and Smith
1990). Since the early 1980s a desired sampling fre­
quency of one transect per month has been generally
achieved. Data used in this study came from the 10­
nautical-mile section of the transect centered on Stell­
wagen Bank. Water passing through the CPR is
filtered with bolting silk having mean aperture dimen­
sions of 225 x 2341J. All large zooplankton (~2 mm) in
the sample are identified and enumerated. Counts of
smaller (~2 mm) zooplankton are made from an aliquot
("-'1/45) of the sample. Counts were converted to num­
ber of organisms per 100 m3, and then transformed to
log base 10 for subsequent calculations. Further details
of this procedure are given in Colebrook (1975) and in
Jossi and Smith (1990). All reference to copepod data
and abundance used in this study exclusively concern
C. finmarchicus.

The abundance of sandlance (expressed as the mean
of the log-transformed number of sandlance per tow/
year) and of the copepod C. fimna'rchicus (log-trans­
formed number of individuals/l00 m3/year) were com­
pared by first ranking the data by year, 1982-88 (N
= 7), then calculating Spearman's coefficient of rank
correlation (rs ) (Zar 1984). The data are therefore
compared on an ordinal, rather than on an absolute,
scale; this is because of the magnitude of the difference
in the scale of the data that were brought together for
this study.



ATLANTIC

o C E A N

Payne et al.: Abundance fluctuations of baleen whales in the southern Gulf of Maine 689

FIgure 1
Baleen whale study area in southern Gulf of
Maine (outlined) and geographical regions
referred to throughout the text.

Whale sIghtIng data Data for this study on the oc­
currence and distribution of humpback, fin, right, and
sei whales were collected by naturalists working aboard
commercial whalewatching vessels during the study
period 1982-88. Data recorded from these vessels for
all cetacean sightings include species, group size, time,
location (using LORAN-C), behavior, and the photo­
graphically confirmed identity of individual animals.
Vessels ran 4-hour cruises to the Stellwagen Bank and
Massachusetts Bay areas from two ports: Province­
town and Plymouth, Massachusetts. The cruise track
of the whalewatching vessels was decided by the cap­
tain based upon the greatest number of whale sightings
recorded on the previous trip or day; consequently,
sampling was neither random nor systematic. None­
theless, the intensity of the coverage resulted in ex­
tremely comprehensive surveys of the region during
most of the study period. The information collected
aboard these vessels in this region represents one of
the most detailed databases available anywhere on a
multispecies group of whales.

Data used in this study were taken from the first
cruise of each day from each of the two ports and con-

sidered a reliable index of relative abundance of whales
in the area. The total number of whales observed dur­
ing each morning whalewatching trip from each port
was summed by species and month, June-September
(the period when coverage from whalewatching vessels
was effectively continuous). These totals were then
divided by the number of trips each month (each trip
was considered a unit of effort), resulting in an index
of whale abundance, expressed as number of whales/
effort/month for each species between 1982 and 1988.
While there are undoubtedly biases associated with the
collection of these data, the intensity of coverage is
such that this index can be used to accurately monitor
relative changes in the local abundance and distribu­
tion of whales.

Using these sighting data, the temporal co-occur­
rence between the four whale species within the
study area was tested by ranking the mean number of
whales/effort/month (by species), then calculating
Spearman's coefficient of rank correlation (rs ) (Zar
1984) between species for all paired data, 1982-88
(N = 28 for each possible pairing).
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Results

period. This is the year when the sandlance reached
its maximum peak of abundance.

Changes In whale abundance

Humpback and fin whales showed a similar trend in
abundance (rs = 0.3338, P<0.074, Table 2), although
the variation in the observed number of humpbacks
between years was much more pronounced than for fin
whales. The number of humpbacks/year increased from
3.59 whales/effort in 1982 to 9.00 whales/effort in 1985
(Table 1, Fig. 3). During 1986 humpback abundance
declined to the minimum value recorded during the
study period of 0.23 whales/effort. A small increase in
1987 was followed by a much larger increase in 1988
to 6.98 whales/effort (Fig. 3).

Less dramatic fluctuations between years were evi­
dent in the number of fin whales from 1982 to 1988.
The abundance of fin whales declined from the max­
imum value of 3.71 whales/effort in 1984 to the low
values of 1.9 and 1.4 whales/effort recorded in 1986
and 1987, respectively (Fig. 3). Although the numbers
of fin whales/effort were lower in 1986-87 than in
previous years, they did not change by more than an
order of magnitude, as did other whale species. The
number of fin whales increased to 3.61 whales/effort
in 1988.

The strongest positive correlation occurred between
right and sei whales (rs = 0.6842, P<O.OOOl, Table 2).
The right whale is a rare but regularly occurring spe­
cies whose temporal occurrence in the study area has
been generally restricted to the months of late-winter
through early-spring (Winn et al. 1986, Brown and
Winn 1989, Hamilton and Mayo 1990). This pattern
was generally repeated in all years of the study period
except 1986. Excluding 1986, there were only 12 right
whale sightings from 1982 to 1988, and during most
years there were no sightings (Table 1). However, in
1986, 174 right whale sightings (0.95 whales/effort)
were recorded, and right whales were observed vir­
tually every day throughout the summer (Hamilton and
Mayo 1990).

Sightings of sei whales on Stellwagen Bank, and in
Cape Cod Bay, are very rare in any season (CeTAP
1982, Mayo et al. 1988). We did not observe sei whales
in the study area between 1982 and 1985 (Table 1).
However, their numbers increased significantly in 1986
(when they were commonly observed) to 0.26 whales/
effort (Table 1, Fig. 3). The occurrence of sei whales in
1986 was followed by an equally dramatic decline dur­
ing 1987 (2 sightings, 0.01 sei whales/effort) and 1988
(no sightings). Between 1982 and 1988, the sei whale
and right whale were abundant only during 1986 (Fig.
3), when the abundance of C.finmarchicus also reached
a recorded regional maximum (Wishner et al. 1988).
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Figure 2
Stratified mean number of sandlance (_) per tow (log transforma­
tion) on left. and the number of copepods Calanmjinmarchicus (+)
per m3 (log transformation) on right. Note: the scale for sandlance
is different from that of copepods.

Changes in abundance of sandlance
and copepods

The mean number of sandlance per tow (log transfor­
mation) collected during spring bottom-trawl surveys
ranged between years (Fig. 2) from a minimum 0.000
(in 1986) to a maximum 4.066 per tow (in 1988). Two
trends were apparent. The data·· show a decline. in
catches from 1982 to the zero value of 1986. Catches
increased in 1987, peaking in 1988 to 4.066 sandlance
per tow (log value). The number of sandlance caught
in 1988 was a regional abundance maximum for spring
surveys, 1968-88 (from information presented in
Nelson and Ross 1989).

The log-transformed values of C. finmarchicus/m3

of water collected in the CPR ranged from 3.270 (in
1984) to 4.988 (in 1986), and generally increased on
Stellwagen Bank between 1982 and 1986 (Fig. 2). The
increase was most apparent between 1984 and 1986.
The number of C. finmarchicus collected in 1986 was
one order of magnitude greater than that collected dur­
ing any other year of the study. Following 1986 the
number of C. finmarehic'US declined rapidly to 3.640
(log value) in 1987, then to 3.070 (log value) in 1988
(Fig. 2).

The abundance of sandlance on Stellwagen Bank was
inversely related to the abundance of C. finmarchicus
(rs = - 0.883, P<0.05, N = 7). The three years when
the spring tow values for sandlance were the lowest
(1983, 1985, and 1986) were the three peak years for
C. finmarchicus (Fig. 2). Conversely, the number of
C. finmarchicus recorded on Stellwagen Bank during
1988 was one of the lowest throughout the study
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Table 1
Total numbel' of whales counted, number of surveys (effort), and number of whales (by species) per
survey in southern Gulf of Maine (in parentheses) for each month and year of the study, 1982-88.

No. of
No. of whales (per survey)

Year Month surveys Humpback Fin Right Sei

1982 June 27 90(3.33) 45(1.67) 0.00 0.00
July 31 228(7.35) 33(1.06) 0.00 0.00
Aug. 31 54(1.74) 227(7.32) 0.00 0.00
Sept. 27 45(1.67) 63(2.33) 4(0.15) 0.00
Total 116 417(3.59) 368(3.17) 4(0.03) 0.00

1983 June 46 229(4.98) 60(1.30) 0.00 0.00
July 43 266(6.19) 192(4.47) 0.00 0.00
Aug. 36 169(4.69) 172(4.78) 0.00 0.00
Sept. 28 96(3.43) 37(1.32) 0.00 0.00
Total 153 760(4.97) 461(3.01) 0.00 0.00

1984 June 43 317(7.37) 26(0.60) 0.00 0.00
July 45 382(8.49) 224(4.98) 0.00 0.00
Aug. 47 261(5.55) 232(4.94) 0.00 0.00
Sept. 33 133(4.03) 141(4.27) 0.00 0.00
Total 168 1093(6.51) 623(3.71) 0.00 0.00

1985 June 40 411(10.30) 143(3.58) 0.00 0.00
July 53 400(7.55) 122(2.30) 0.00 0.00
Aug. 46 654(14.21) 154(3.35) 0.00 0.00
Sept. 31 63(2.03) 24(0.78) 0.00 0.00
Total 170 1528(8.99) 443(2.61) 0.00 0.00

1986 June 44 16(0.36) 62(1.41) 2(0.05) 0.00
July 54 20(0.37) 136(2.52) 6(0.11) 2(0.04)
Aug. 51 4(0.08) 93(1.82) 44(0.86) 19(0.37)
Sept. 34 2(0.05) 102(3.00) 122(3.58) 26(0.76)
Total 183 42(0.23) 344(1.88) 174(0.95) 47(0.26)

1987 June 55 30(0.55) 56(1.02) 2(0.04) 0.00
July 61 36(0.59) 48(0.79) 1(0.02) 2(0.03)
Aug. 55 76(1.38) 150(2.73) 0.00 0.00
Sept. 47 12(0.25) 52(1.10) 5(0.11) 0.00
Total 218 154(0.7I) 306(1.40) , 8(0'.04) 2(0.01)

1988 June 55 199(3.62) 253(4.60) 0.00 0.00
July 62 535(8.63) 263(4.24) 0.00 0.00
Aug. 62 455(7.34) 160(2.58) 0.00 0.00
Sept. 52 424(8.15) 159(3.06) 0.00 0.00
Total 231 1613(6.98) 835(3.61) 0.00 0.00
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Table 2
Spearman Rank Correlation Coefficients (1',) (upper number)
and statistical level of significant difference (P) Qower number)
between the abundance (whales/effort) of four baleen whale
species on Stellwagen Bank, 1982-88. N = 28 for all paired
tests.

Humpback Fin Right Sei

Humpback 1.0000 0.3338 -0.7753 -0.5507
0.0000 0.0740 0.0001 0.0019

Fin 1.0000 -0.3250 -0.1461
0.0000 0.0643 0.4248

Right 1.0000 0.6842
0.0000 0.0001

Sei 1.0000
0.0000

Several significant negative relationships also oc­
curred between whale species (Table 2), most notice­
ably between humpbacks and right whales (rs =
-0.7753, P<O.OOOl), humpbacks and sei whales (t's
= -0.5507, P<0.0019), and fin whales and right whales
(1's = -0.3250, P<0.0643). This supports an intuitive
interpretation of the data shown in Figure 3, notably
the obvious phenomenon of low humpback and fin
whale abundance in 1986, the only year right and sei
whales were observed in significant numbers.
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Discussion

FIgure 3
Average number of baleen whales per unit effort for each year of
the study by species. Note: the scale for humpback and fin whales
(upper) is different from that of right and sei whales (lower).

and fin whales, both of which show an apparent pref­
erence for schooling fish in this region (Watkins and
Schevill1979, Mayo et al. 1988). Conversely, the strong
negative correlations reported here would be expected
between the planktiverous right and sei whales and the
pisciverous humpback and fin whales.

Competition between whale species

These results, in support of previous studies (Kenney
et al. 1981, Payne et aI. 1986), suggest that the recent
distribution of humpback whales in the Gulf of Maine
has been dependent on the spatial distribution of
sandlance in that region. These results follow a trend
which began in the mid-1970s and, when taken with
the results of previous studies (Overholtz and Nicolas
1979, CeTAP 1982, Hain et al. 1982, Mayo 1982, Mayo
et aI. 1988), indicate that sandlance has been the most
important prey item of humpback whales in the Gulf
of Maine since at least 1976.

It is also of interest that, while fin whales also close­
ly followed the abundance patterns of sandlance, the
overall changes in fin whale abtmdance fluctuated much
less than those shown for the humpback whale. Al­
though both whale species prey on a variety of taxa
(Jonsgaard 1966) and have been characterized as gen­
eralists in their dietary preferences (Mitchell 1975a),
behavioral differences between the two species may
result in the ability of fin whales to exploit prey other
than sandlance in the study area.

Watkins and Schevill (1979) noted clear differences
between the feeding behavior of humpback and fin
whales when exploiting the same prey (schooling fish);
fin whales lunge horizontally and humpbacks vertical­
ly. Humpbacks are also known to produce "bubble
clouds or nets" to potentially concentrate prey (Jurasz
and Jurasz 1979, Hain et al. 1982, Hays et al. 1985),
a feeding method not observed for fin whales. It has
also been suggested that the streamlined form and
greater speed of fin whales allow them to exploit more
widely separated patches of prey than humpbacks
(Brodie 1975, Whitehead and Carlson 1988). Thus fin
whales may be more independent of local fluctuations
in prey availability, explaining why they were located
in the study area in 1986, after humpbacks had aban­
doned it.

Evidence clearly exists to support the belief that com­
petition exists between right and sei whales (Mitchell
1975a, Kawamura 1978). However, Kenney et aI.
(1986) suggested that competition between right and
sei whales in the shelf waters of the northeastern
United States is unlikely given their present allopatric
distributions (excluding 1986). Perhaps the more im­
portant ecological question concerns the reason for the
present apparent allopatry. As detailed below, we
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The data presented here strongly suggest that major
changes which occurred in the abundance and distribu­
tion of humpback, fin, right, and sei whales in the
Stellwagen Bank area, 1982-88, were not independent
of each other. During 1986 a dramatic decline in the
abundance of humpback and fin whales also co-occurred
with the unusual occurrence of right and sei whales dur­
ing the summer of the same year. During 1987 and
1988 the abundance of baleen whales returned to a pat­
tern similar to that observed in years prior to 1986
(right and sei whales absent, humpback and fin whales
abundant). Concurrent with changes in whale abun­
dance, an increase in copepod abundance on Stellwagen
Bank in 1986 correlated with a significant decline in
local sandlance abundance.

These correlations likely reflect both the similarities
and dissimilarities in prey preferences of individual
whale species, and the predator-prey relationship be­
tween sandlance and copepods. Given the documented
preference of both right and sei whales for copepods
(Nemoto 1959, Mitchell 1975a, Nemoto and Kawamura
1977, Watkins and SchevilI1979), a strong positive cor­
relation between the two species should be expected.
A similar correspondence exists between humpback
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believe that this recent distributional change has
resulted from differing degrees of interspecific com­
petition between each of the two whale species and
sandlance, moreso than from any competition between
the whales themselves.

Competition between sandlance and
planktlverous whale species

Historically, and in recent times, right whales have
been recorded in the Stellwagen Bank region in late
winter and early spring (Allen 1908, Allen 1916, Wat­
kins and Schevill 1982, Schevill et al. 1986, Hamilton
and Mayo 1990). The species has been virtually absent
from the area in summer, when the population's
distribution is centered in the Bay of Fundy and on the
Scotian Shelf (Kraus et al. 1982, 1986; Mitchell et al.
1986; Winn et al. 1986; Stone et al. 1988; Murison and
Gaskin 1989). Therefore, the prolonged residency
by a group of right whales in the Stellwagen region
throughout summer 1986 may represent the most sig­
nificant departure from their usual seasonal pattern of
occurrence recorded this century.

Is the annual movement of right whales out of the
southern Gulf of Maine and into the Bay of Fundy and
Scotian shelf areas in early summer related to in­
creased activity and competition from planktiverous
fish for calanoid copepods? The question of why right
whales generally undertake this northward migration
has yet to be resolved. The occurrence of right whales
in the Stellwagen Bank area in the summer of 1986 im­
plies that, if certain conditions are met, the normal
northward movement is not inevitable for at least part
of the population. The occurrence of planktiverous fish
(either sandlance, herring or mackerel)-and conse­
quently of increased competition through predation on,
or disruption of, copepod patches in spring-may be a
major factor in directing the seasonal movement of
right whales out of the area to seek more acceptable
patches elsewhere in the Gulf of Maine.

Not only are the size and density of copepod patches
important to the feeding energetics of right whales, but
also the relative proportions of adult copepods within
each patch (Wishner et al. 1988). Wishner et al. (1988)
described a copepod surface patch (with associated
skim-feeding right whales) which contained a regional
maximum of copepodite IVs and Vs, the older, ener­
getically richest, developmental stages of copepods
(Comita et al. 1966). Although the feeding ecology of
right whales is likely more complex than previously
thought (Mayo and Marx 1990), these dense aggrega­
tions of older, caloric-rich copepods seem to be the
required characteristics for energetically successful
foraging by right whales (Kenney et al. 1986, Wishner
et al. 1988).

The principal diet of sandlance >21 mm is also the
larger, older developmental stages of C. finmarchicus
(Norcross et al. 1961, Scott 1973, Monteleone and
Peterson 1986). If the superabundant sandlance are
selecting the caloric-rich stages of the copepod popula­
tion, then there may be insufficient prey available in
the remaining developmental stages (independent of
abundance) to provide right whales with the required
energy densities (as described by Kenney et al. 1986)
to meet the metabolic and reproductive demands of the
right whale population. Therefore, during those years
when sandlance (or ecologically similar planktiverous
fish species) are abundant, intraspecific competition
may be so intense that right whales may only be achiev­
ing basal metabolic needs in the southern Gulf of Maine,
precipitating the northward movement of right whales
immediately following the period of increased sand­
lance abundance and activity.

The occurrence of consistent numbers of sei whales
in 1986 followed many years in which the species had
not been recorded from the study area during any
season (Mayo et al. 1988). Jonsgaard and Darling (1977)
describe "invasion years" where unusually large num­
bers of sei whales occur in an area. These years are
generally followed by an equally sharp decrease in the
number of whales in the same area. Albeit simple, an
"invasion year" in response to increased prey abun­
dance accurately describes the occurrence of sei whales
on Stellwagen Bank during 1986.

While sei whales seem to prefer planktonic prey
(Watkins and Schevill1979), they have the ability to
forage on fish (Nemoto 1959, Nemoto and Kawamura
1977). Despite this, available distributional evidence
suggests that sei whales have not exploited the abun­
dant sandlance in the Gulf of Maine to a significant ex­
tent. Scant data suggest that sei whales in this region
instead subsist primarily on euphausiids and copepods
which occur in the waters south of Georges Bank (Ken­
ney and Winn 1987). By remaining on the shelf edge
and exploiting a wider range of planktonic (and possibly
fish) prey, they may be able to minimize the effect of
competition from sandlance for copepods, separating
them from the more stenophagic right whales.

Since the early 1950s sandlance populations have
fluctuated on remarkably few occasions. Monteleone
et al. (1987) described relatively high sandlance den­
sities during 1965-66 (following the depletion of her­
ring and mackerel stocks) and 1978-79 (following the
larval sandlance explosion in 1975), and exceptionally
low densities of sandlance in 1971-74. Meyer et al.
(1979) also reported that adult sandlance were not
reported on Stellwagen Bank between 1967-76 and
that the mean sandlance catch/10 m2 in spring 1977
was nine times greater than in spring 1974. Therefore,
the two recorded time intervals when sei whales and
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right whales were most abundant in the study area
(April 1970, reported by Watkins and Schevill 1982;
and during 1986) were during periods of documented
low adult sandlance densities and observed copepod
maxima. The March 1975 observations by Watkins
and Schevill (1979) of a sei and right whales feeding
together in Cape Cod Bay were also made in the inter~

val between the reduction of planktiverous herring and
mackerel stocks and the subsequent population explo­
sion of adult sandlance. These observations further sup­
port the theory that planktiverous fish abundance has
negatively impacted the occurrence of planktiverous
whale species in the region.

In this paper, we have examined species interactions
between sandlance (as prey and competitor), C. ftnrrw:r­
chic-us (as prey), and the abundance of four species of
baleen whales in the southern Gulf of Maine. The inter­
pretation of these interactions, although largely induc­
tive, provide useful management insights into the
relationships between planktiverous finfish and the
cetacean community. This interpretation also presents
an interesting multispecies-management dilemma re­
garding finfish and cetac.ean populations in this region,
as well as potential conflicts between single-species re­
covery plans and two ecologically different groups of
endangered whales, pisciverous and planktiverous.

The present abundance of sandlance in the Gulf of
Maine followed a long-term depletion of other plank­
tiverous fish species through overfishing (Grosslein et
al. 1980). Although it is impossible to reconstruct the
extent of competition between finfish (herring and
mackerel stocks) and planktiverous whales prior to the
mid-1960s, the similarities in prey preference and
trophic relationships between mackerel, herring and
sandlance (Bowman et al. 1984) certainly suggest that
competition between herring-mackerel stocks and
planktiverous whales could have existed. We hypothe­
size that the abundance and distribution of planktiv­
erous fishes have played a significant, perhaps critiCal,
role in structuring (as prey and competitor) baleen
whale populations in the Gulf of Maine.

The present, concentrated distribution of humpbacks
in the Gulf of Maine is directly related to the distribu­
tion and increased abundance of sandlance in that
region. Alternatively, the recovery of the stenophagic
right whale (historically and at present) may indeed be
inhibited in large regions of the northwest Atlantic by
competition for its prey by herring, mackerel, and
sandlance. Despite decades of protection Schevill et al.
(1986) suggested that the [abundance of the] right
whale population [now] which passes Cape Cod is "at
worst slightly smaller than it was in the 17th century".
The abundance and distribution (and continued recov­
ery) of right whales, in contrast to humpback and fin
whales, may be contingent upon anomalous disrup-
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tions in the occurrence of abundant, ecologically equi­
valent finfish stocks, which at present are largely
human-induced.

Acknowledgments

The authors would like to thank Stan Tavares, Al
Avellar, and Aaron Avellar for supporting whale
research and the collection of data aboard their vessels,
and for helping establish rational whale-watching
guidelines throughout the New England region. We
would also like to thank anonymous reviewers for their
constructive criticisms, and the following members of
the North Atlantic Marine Mammal Association for
reviewing previous drafts of this manuscript: Vicki
Rowntree, Mason Weinrich, Steve Katona, Peter
Tyack, Gordon Waring, Dave Mountain, Fred Wenzel,
Bob Kenney, Scott Kraus, and Amy Knowlton. We
would also like to thank Howard Winn for his suppor­
tive comments regarding this study following its
presentation at the Eighth Bienniel Conference on the
Biology of Marine Mammals. The authors have been
funded by the Manomet Bird Observatory, the National
Marine Fisheries Service/Northeast Fisheries Center,
Massachusetts Whale Watching Center, Center for
Coastal Studies, and by private funding.

Citations

Allen. G.M.
1916 The whalebone whales of New England. Mem. Boston

Soc. Nat. Hist. 8:107-332.
Allen. J.A.

1908 The North Atlantic right whale and its near allies. Bull.
Am. Mus. Nat. Hist. 24:377-339.

Anthony. V.A., and G. Waring
1980 The assessment. and management of the Georges Bank

hel'ring fishery. Rapp. P.-V. Reun. Cons. Int. Explor. Mer
177:72-111.

Bowman, R., J. Warzocha. and T. Morris
1984 Trophic relat.ionships between Atlantic mackerel and

American sandlance. Int. Counc. Explor. Sea (ICES), CM
19S4/H:27, 10 p.

Brodie, P.F.
1975 Cet.acean energet.ics. an overview of int.raspecific size

variation. Ecology 56:153-161.
Brown. C.W.. and H.E. Winn

1989 Relat.ionship bet.ween the dist.ribution pattern of right
whales, E-uba.lol?1w. ghu:ioIis, and sat.ellite-derived sea surface
thermal st.ructure in the Great South Channel. Cont. Shelf
Res. 9:247-360.

CeTAP
1982 A characterization of marine mammals and turtles in the

mid- and North Atlantic areas of the U.S. outer continental
shelf. Final Rep. Cetacean and Turtle Assessment Program.
Univ. Rhode Island, Bur. Land Manage., Contl'act AA551­
CTS-48. U.S. Dep. Int.. Wash.. DC, 450 p.



Payne et al.: Abundance fluctuations of baleen whales in the southern Gulf of Maine 695

Clark, S.H•• and B.E. Brown
1977 Changes in biomass of finfishes and squid from the Gulf

of Maine to Cape Hatteras, 1963-1974, as determined from
research vessel survey data. Fish. Bull., U.S. 75:1-21.

Colebrook, J.M.
1975 The continuous plankton recorder survey: Automatic data

processing methods. Bull. Mar. Ecol. 8:123-142.
Comita, G.W.. S.M. Marshall, and A.P. Orr

1966 On the biology of Calanus jinmarchicus. XlII. Seasonal
change in weight, calorific value and organic matter. J. Mar.
BioI. Assoc. U.K. 46:1-17.

Eck, G.W., and L. Wells
1987 Recent changes in Lake Michigan's fish community and

their probable causes. with emphasis on the role of the alewife
(Alosa pSl!Udoh-a1·e'/I.fTlI,S). Can. J. Fish. Aquat. Sci. 44:53-60.

Grosslein, M.D.
1969 Groundfish survey programs of BCF Woods Hole. Com­

mer. Fish. Rev. 31:22-30.
Grosslein. M.D.. R.W. Langton, and M.P. Sissenwine

1980 Recent fluctuations in pelagic fish stocks of the northwest
Atlantic, Georges Bank region, in relation to species interac­
tions. Rapp. P.-V. Reun. Cons. Int. Explor. Mer 177:374-404.

Hain. J.H., G.R. Carter. S.D. Kraus, C.A. Mayo, and H.E. Winn
1982 Feeding behavior of the Humpback Whale Megaptera

novaeangliae, in the western North Atlantic. Fish. Bull., U.S.
80:259-268.

Hamilton, P.K.. and C.A. Mayo
1990 Population characteristics of right whales, Eubalaena

glacialis, in Cape Cod Bay and Massachusetts Bay, 1978­
1986. In Hammond, P.S., et al. (eds.), Individual recognition
and the estimation of cetacean population parameters. Rep.
Int. Whaling Comm., Spec. Iss. 12 (in press).

Hays, H.E., H. Winn, and R. Petricig
1985 Anomalous feeding behaviour of a humpback whale. J.

Mammal. 66:819-821.
Jonsgaard. A.

1966 The distribution of Balaenopteridae in the North Atlan­
tic Ocean. In Norris, K.S. (ed.), Whales, dolphins. and por­
poises, p. 114-123. Univ. Calif. Press, Berkeley.

Jonsgaard, A.. and K. Darling
1977 On the biology of the Eastern North Atlantic Sei Whale,

Balaenoptera borealis Lesson. Rep. Int. Whaling Comm.,
Spec. Iss. 1:124-129.

Jossi. J.W., and D.E. Smith
1990 Continuous plankton records: Atlas of plankton variations

in the Gulf of Maine, 1961 through 1988. NOAA Tech. Memo.
NMFS-FINEC. Northeast Fish. Sci. Cent., Natl. Mar. Fish.
Serv., NOAA, Narragansett, RI 02882 (in press).

Jurasz, C.M., and V.P. Jurasz
1979 Feeding modes of the humpback whale, Megaptera

1w/Jaeangliae, in southeast Alaska. Sci. Rep. Whales Res. Inst.
31:69-83.

Kawamura, A.
1974 Food and feeding ecology in the southern sei whale. Sci.

Rep. Whales Res. Inst. 26:25-144.
1978 An interim consideration on a possible interspecific rela­

tion in southern baleen whales from the viewpoint of their food
habits. Rep. Int. Whaling Comm. 28:411-420.

Kenny, R.D., and H.E. Winn
1987 Cetacean biomass densities near submarine canyons com­
pared to adjacent shelf/slope areas. Cont. Shelf Res. 7:
107-114.

Kenney, R.D., D.R. Goodale. G.P. Scott. and H.E. Winn
1981 Spatial and temporal distribution of Humpback Whales

in the CETAP study area. Chap. V In A characterization of
marine mammals and turtles in the Mid- and North Atlantic
areas of the U.S. outer continental shelf. Annu. Rep. 1979,
Cetacean and Turtle Assessment Program, Univ. Rhode Island,
Bur. Land Manage. ContractAA551-CT8-48. U.S. Dep. Int.,
Wash., DC.

Kenney. R.D.. M.A.M. Hyman, R.E. Owen. G.P. Scott. and
H.E. Winn

1986 Estimation of prey densities required by western North
Atlantic right whales. Mar. Mammal Sci. 2:1-13.

Kraus, S.D.
1985 A review of the status of right whales (Eubalaena

glacialis) in the western North Atlantic with a summary of
research and management needs. U.S. Mar. Marrunal Comm.
Contract MMC-84108. Wash., DC. Avail. Natl. Tech. Inf.
Serv., Rep. PB86-154143, U.S. Dep. Commer., Springfield, VA
22161, 61 p.

Kraus. S.D., J.H. Prescott, P.V. Turnbull, and R.R. Reeves
1982 Preliminary notes on the occurrence of the North Atlantic

right whale, E-ubalaena glacialis, in the Bay of Fundy. Rep.
Int. Whaling Comm. 32:407-411.

Kraus, S.D., J.H. Prescott. A.R. Knowlton, and G.S. Stone
1986 Migration and calving of right whales (E-ubalaena
glMiaJis) in the western North Atlantic. Rep. Int. Whaling
Comm., Spec. Iss. 10:139-144.

Mayo, C.A.
1982 Observations of cetaceans: Cape Cod Bay and Southern

Stellwagen Bank, Massachusetts 1975-1979. U.S. Mar. Mam­
mal Comm. Rep. MMC-80/07, Wash., DC. Avail. Natl. Tech.
Inf. Serv., Rep PB82-186263, U.S. Dep. Commer., Springfield,
VA 22161, 68 p.

Mayo, C.A., and M.K. Marx
1990 Feeding behaviour of northern right whales, Eubalae?w.

glaciaN.s, in Cape Cod Bay, and associated zooplankton
characteristics. Can. J. Zool. 68 (in press).

Mayo. C.A.• D.K. Mattila, S. Pittman, and L. Baraff
1988 Abundance, distribution and habitat use of large whales

in Massachusetts Bay and the Great South Channel. North­
east Fish. Cent. Contract 50-EANF-6-00059, Natl. Mar. Fish.
Serv., NOAA, Woods Hole, MA 02543,152 p.

Meyer, T.L., R.A. Cooper, and R.W. Langton
1979 Relative abundance, behavior and food habits of the

American sandlance, Amnwdytes americanus from the Gulf
of Maine. Fish. Bull., U.S. 77:243-253.

Mitchell, E.
1975a Trophic relationships and competition for food in the
northwest Atlantic. In Proc. Can. Soc. Zool. Annu. Meet.,
2-5 June 1974, Fredricton, N.B., p. 123-132.

1975b Preliminary report on Nova Scotia fishery for Sei
Whales (Balaen.opt.era boreal.is). Rep. Int. Whaling Comm.
25:218-225.

Mitchell, E., and D.G. Chapman
1977 Preliminary assessment of stocks of northwest Atlantic

sei whales (Balaenoprera borealis). Rep. Int. Whaling Comm.,
Spec. Iss. 1:117-120.

Mitchell. E.D., V.M. Kozicki, and R.R. Reeves
1986 Sightings of right whales, E-ubalae.na glac-ialis, on the

Scotian Shelf, 1966-1972. Rep. Int. Whaling Comm., Spec.
Iss. 10:83-107.

Monteleone. D.M.. and W.T. Peterson
1986 Feeding ecology of American sandlance. Am1ll.odyres
america.n1I.~, larvae from Long Island Sound. Mar. Ecol. Prog.
Ser. 30:133-143.



696

Monteleone. D.M., W.T. Peterson, and G.C. Williams
1987 Interannual fluctuations in the density of sand lance, Am­

modytes american-us. larvae in Long Island Sound, 1951­
1983. Estuaries 10:246-254.

Morse, W.
1982 Spawning stock biomass estimates of sandlance, Ammo­

dlltes sp., off northeastern United States determined from
MARMAP Plankton surveys, 1974-1980. Int. Counc. Explor.
Sea (ICES), CM 1982/G:59, 11 p.

Murison, L.D.. and D.E. Gaskin
1989 The distribution of right whales and zooplankton in the

Bay of Fundy. Can. J. Zoo!. 67:1411-1420.
Nelson. G.A.. and M.R. Ross

1989 The population dynamics of sand lance, (Amm.odlltes
d-ubi/Is) in the northwest Atlantic: Abundance and distIibu­
tion. M.S. thesis, Univ. Mass., Dep. Forestry Wild!. Manage.,
Amherst, 66 p.

Nemoto, T.
1959 Food of baleen whales with refel'ence to Whale move·

ments. Sci. Rep. Whales Res. Inst. 14:149-290.
Nemoto, T.. and A. Kawamura

1977 Characteristics of food habits and distributions of baleen
whales with special reference to the abundance of North Pacific
sei/Bryde's whales. Rep. Int. Whaling Comm., Spec. Iss. 1:
80-87.

Norcross. J.J.. W.H. Massmann. and E.B. Joseph
1961 Investigations of inner continental shelf waters off lower

Chesapeake Bay. Part II. Sandlance larvae, Am1nodlltes
uuW/'ica.nus. Chesapeake Sci. 2:49-59.

Overholtz. W.J.. and J.R. Nicolas
1979 Apparent feeding by the fin whale, BalaenopttTa physu­

Ius, and humpback whale, Megaptera nOI'aeangl-iae, on the
American sandlance, Am"/llodytes ameri,'anus, in the Northwest
Atlantic. Fish. Bul1., U.S. 77:285-287.

Payne. P.M.. and L.A. Selzer
1989 The distribution, abundance and selected prey of the har­

bor seal, PhON t,iiulina concolor, in southern New England.
Mar. Mammal Sci. 5:173-192.

Payne. P.M.. J.R. Nicolas. L. O'Brien, and K.D. Powers
1986 Distribution of the humpback whale, Megaptera nOI'lle­

a.ngliae, on Georges Bank and in the Gulf of Maine in relation
to densities of the sand eel, Ammodytt's americanus. Fish.
Bull., U.S. 84:271-277.

Powers. K.D., and E.H. Backus
1987 Estimates of consumption by seabirds on Georges Bank.

In Backus. R.H.. and D.W. Bourne (eds.), Georges Bank and
its surroundings, p. 372-374. MIT Press, Cambridge, MA.

Reay. P.J.
1970 Synopsis of biological data on North Atlantic sand eels

of the genus Ammodytes: ,4. tob-ianlls, A. dub-ius, A. a.mEwi­
canus, and A. nwrinus. FAO Fish. Synop. 82, 28 p.

Richards. S.W.
1982 Aspects of the biology of Amm.odytes ameriClmus from

the St. Lawrence River to Chesapeake Bay, 1972-75, including
a comparison of the Long Island Sound postlarvae with Am­
modytes duhius. J. Northwest At!. Fish. Sci. 3:93-104.

Richards. S.W.. and A.W. Kendall
1973 Distribution of sand lance, Ammodlltes sp., larvae on the

continental shelf from Cape Cod to Cape Hatteras from RV
DOLPHIN surveys in 1966. Fish. Bull., U.S. 71:371-386.

Richards. S.W., A. Perlmutter. and D.C. McAneny
1963 A taxonomic study of the genus Ammod:yt.es from the east

coast ofNOlth Ame!ica(Teleostt'i: Am.lI/odlltfs). Copeia 1963:
358-377.

Fishery Bulletin 88(4). J990

Schevill. W.E.. W.A. Watkins. and K.E. Moore
1986 Status of Eubalaena glacialis off Cape Cod. Rep. Int.

Whaling Comm., Spec. Iss. 10:79-82.
Scott. J.S.

1973 Food and inferred feeding behavior of northern sand
lance (Amm.odlltes duMus). J. Fish. Res. Board Can. 29:
1667-1671.

Sherman, K.C.. C. Jones, L. Sullivan. W. Smith, P. Berrein. and
L. Ejsymont

1981 Congruent shifts in sand eel abundance in western and
eastern nOl·th Atlantic ecosystems. Nature (Lond.) 291:
486-489.

Smith. S.H.
1968 Species succession and fishery exploitation in the Great

Lakes. J. Fish. Res. Board Can. 25:667-693.
1970 Species interactions of the alewife in the Great Lakes.

Trans. Am. Fish. Soc. 99:754-765.
Smith. W.D.. L. Sullivan, and P. Berrien

1978 Fluctuations in production of sand lance larvae in coastal
waters off the northeastern United States, 1974 to 1977. Int.
Counc. Explor. Sea (ICES), eM 1978/L:30, 8 p.

Smith, W.D., D. McMillan. P. Rosenberg. M. Silverman. and
A. Wells

1980 Seasonal and annual changes in the distribution, abun­
dance, and species composition of fish eggs and larvae off the
northeastern United States, 1977-79. Int. Coune. E>.:p)OI·. Sea
(ICES), CM 1980/L:66.

Stone, G.S., S.D. Kraus. J .H. Prescott. and K.W. Hazard
1988 Significant aggregations of the endangered right whale,
Eubalaena gladalis, on the continental shelf off Nova Scotia.
Can. Field-Nat. 102:471-474.

Strong. D.R.• D. Simberloff. L.G. Abele, and A.B. Thistle
1984 Ecological communities: Conceptual issues and the evi­

dence. Plinceton Univ. Press, Princeton, 613 p.
Watkins. W.A.. and W.E. Schevill

1979 Aerial observation of feeding behavior in four baleen
whales: Eubalaena glatia/.is, Balaelloptel'u bl)l'eali~, Megaptern.
I!vl"le(mgliae, Baluenoptem physa/.ns. J. Mammal 60:155-163.

1982 Observations of light whales, Eubalaena glacialis, in Cape
Cod waters. Fish. Bul!., U.S. 80:875-880.

Weinrich. M.T.• C.R. Belt. M.R. Schilling. and M. Marcy
1986 Behavior of sei whales in the southern Gulf of Maine, sum­

mer 1986. Whalewatcher, J. Am. Cetacean Soc. 20(4):4-7.
Whitehead, H.. and C. Carlson

1988 Social behaviour of feeding finback whales off New­
foundland: Comparisons with the sympat!ic humpback whale.
Can. J. Zoo!' 66:217-221.

Winn. H.E .• C.A. Price. and P.W. Sorensen
1986 The distributional biology of the right whale (Eubalaena
glaciaHsl in the western North Atlantic. Rep. Int. Whaling
Comm., Spec. Iss. 10:129-138.

Wishner. K.. E. Durbin. A. Durbin. M. Macaulay. H. Winn. and
R. Kenney

1988 Copepod patches and light whales in the Great South
Channel off New England. Bull. Mal'. Sci. 43:825-844.

Zar. J.H.
1984 Biostatistical analysis, 3d ed. Prentice-Hall, Englewood

Cliffs, NJ, 718 p.


