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ABSTRACT

The seasona) distribution and abundance of harbor seals occurring south of
Maine were documented by counting the number of seals at traditional haulout
locations. The average number of seals counted during each survey in Massa-
chusetts and New Hampshire was 3,560 = 255 (95% CI), 1983—1987. The
maximum number of seals counted on any individual survey was 4,736 indi-
viduals. Fifty percent of all the surveys since January 1985 have resulted in
counts greater than 4,000 seals reflecting a 27% increase in the abundance of
seals in our study area since that date. Seventy-five percent of the seals in southern
New England are located at haulout sites on Cape Cod and Nantucket Island.
The largest aggregation of seals in the eastern United States occurs mid-winter
at Monomoy Island and adjacent shoals. A single high count of 1,672 seals
occurred at this site during the study period. An additonal 271-374 seals were
also counted in Rhode Island, Connecticut and eastern Long Island Sound during
surveys conducted in March 1986 and 1987.

The American sandlance Ammodytes americanus was the single dominant prey
item of harbor seals in waters adjacent to Cape Cod based on the modified
frequency of occurrence of each prey species in scat samples collected from three
haulout sites on Cape Cod between 1984—1987. During January and February
sandlance was the near exclusive prey item at Monomoy (99%, » = 80). During
March and April, the frequency of Atlantic herting Clupea harengus increased
in the scat samples at this site. Regional differences in the diet of seals reflect
distinct prey communities throughout the study area. Since 1986, the percent
occurrence and importance of sandlance in the diet of seals has decreased, reflecting
an overall decrease in abundance of this prey species in waters adjacent to Cape
Cod. In spite of fluctuations in abundance, and regional differences in the diet
of seals throughout the study area, sandlance still comprised a minimum 55%
of the total prey species of harbor seals throughout the study area.

Key words: barbor seal, Phoca vitulina, distribution, abundance, prey.

1 Present address: 1378 Minor Ridge Court, Charlottsville, Virginia 22901.

173



Help  Volumes Main Menu

174 MARINE MAMMAL SCIENCE, VOL. 5, NO. 2, 1989

The harbor seal Phoca vitulina concolor, a year-round resident of eastern
Canada (Boulva and McLaren 1979) and coastal Maine (Katona ez @/. 1983),
occurs in southern New England (south of Maine) seasonally from late September
through late May (Schneider and Payne 1983). It is the most abundant marine
mammal in the nearshore waters of southern New England. Historic sighting
records in Massachusetts and New Hampshire (Allen 1863, Brown 1913, Allen
1942), Connecticut (Goodwin 1935) and New York (DeKay 1842, Dutcher
and Dutcher 1893, Fisher 1896, Miller 1899, Connor 1971) indicate that the
overall range of harbor seals throughout coastal New England has not changed
during the past century. However, the seasonal distribution and the geographical
extent of pupping have changed considerably south of Maine, having been
affected directly by wildlife and fisheries policies since the mid-1800s (Allen
1942).

Historically, the overriding management policy regarding seals throughout
southern New England was to consider them predators of commercially important
fish and to control their numbers through a town or state bounty (Allen 1880,
Brown 1913, Allen 1942). In 1888 Massachusetts began offering a bounty on
seals which lasted until 1962. Pressure from the bounty resulted in a reduction
or complete elimination of seals in local or heavily hunted areas (Allen 1942),
a limit to the southward dispersion of seals from Maine rookeries indirectly
leading to their present seasonal occurrence (Payne and Schneider 1984), and
the extirpation of breeding activity south of Maine (Katona ez #/. 1983).
Complete protection of seals was not provided untl implementation of the
Marine Mammal Protection Act of 1972 (MMPA).

Since federal protection, the number of harbor seals throughout southern
New England has more than doubled, increasing at one site in southeastern
Massachusetts at an average rate of 11.9% per year (Payne and Schneider 1984).
The recent increases in seal abundance have increased the potential for conflicts
between commercial fisheries and seals. Harbor seals have been implicated
continually as competitors with fishermen (Imler and Sarber 1947; Fisher 1952;
Spalding 1964; Rae 1968, 1973; Boulva and McLaren 1979; Mate 1980;
Everitt and Beach 1982; Brown and Mate 1983). In New England, the lobster
(Homarus americanus) fishery, and gillnet and weir fisheries annually report
commercial loss and gear damage due to harbor seals (Gilbert and Stein 1981,
Gilbert and Wynne 1983). To estimate the extent of competition between seals
and commercial fisheries, it is necessaty to know the number of seals involved
and the prey species being consumed. Thete is no published information on the
present distribution and abundance of harbor seals throughout southern New
England and published accounts of the food habits of harbor seals in southern
New England (Griffin 1936, Selzer ez 2. 1986) do not accurately reflect the
present, changing diet of seals in that area.

The objectives of this paper are to describe the present distribution and
abundance of seals throughout southern New England and to summarize the
diet of harbor seals in southern New England between 1983—1987. This study
provides the first quantitative examination of the distribution and of the diet
of harbor seals in southern New England.
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METHODS AND MATERIALS

Study area—The study area consists of the entire coastline and neatshore
islands from the Isles of Shoals, a large granite outcropping on the Maine-New
Hampshire border, south through the eastern half of Long Island Sound (Fig.
1). The middle portion of the study area is dominated by Cape Cod, Nantucket
Island and Martha’s Vineyard (Fig. 1). Throughout the study area seals haul
out on a variety of substrates including subtidal rocky outcroppings or sand
shoals exposed only at low dde, sand-peat hummocks in a tidal marsh, and
larger, sandy beaches exposed throughout the tidal cycle.

Aerial surveys—idistribution and abundance—During Januaty and February
of each year, 1983—1986, aerial surveys were conducted from the Isles of Shoals,
New Hampshite south to the Massachusetts-Rhode Island border (see Fig. 1).
During March 1986 and 1987 three sutveys also were flown southward to
include Rhode Island, Connecticut and the eastern half of Long Island Sound
(see Fig. 1).

To maximize the number of seals counted on land, each survey was begun
1 h before an early to mid-day low tide. Harbor seals throughout New England
haul out during low tide on rock ledges (Wilson 1978, Schneider and Payne
1983). Elsewhere (i.c., sand beaches and tidal marshes), daily activity patterns
have been shown to vary with location and substrate (Venables and Venables
1955, Loughlin 1979, Sullivan 1980, Pitcher and McAllister 1981, Calam-
bokidis ez /. 1987), but generally seals are most abundant on land during early
to mid-afternoon low tides (Knudtson 1974, Allen ez #/. 1984, Stewart 1984,
Stewart and Yochem 1984, Yochem ez #/. 1987).

Aerial surveys were flown parallel to the coastline at an altitude of 250-300
m and an airspeed of 167-204 km /h during optimum conditions (.., wind
speed <6 km/h and air temperature between 0—10°C). The observers contin-
uously scanned the coastline counting individuals, and larger aggregations of
seals at haulout sites which have been traditionally used (as documented in
Knapp and Winn 1978, Kraus 1980). When we approached a concentration
>25 individuals we reduced our speed and dircled the group at a decreased
altitude of 180-200 m in order to photograph the seals. The number of seals
at each haulout site later was determined from the projected slides. This technique
reduces the error involved in visually estimating large numbers of seals (Vaughan
1971). Seals seen between haulout sites were counted and added to the nearest
large concentration of seals. The outer island area of Boston Harbor was not
surveyed due to its proximity to the restricted area encircling Logan International
Airport. '

Disturbance has been shown to influence haulout behavior (Bartholomew
1949, Newby 1973, Paulbitski 1975, Allen ez 2/. 1984) and thus the number
of seals that can be counted on land. We considered accurate counts of harbor
seals in the water impossible. If, during a survey, it appeared that the seals had
been disturbed at a haulout site, the survey was discontinued and begun again
on a later day.

In our study atea, it is not possible to ground-truth our aerial survey estimates
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of the larger haulout sites (as recommended by Eberhardt ez @/. 1979) due to
the remoteness of haulout sites, ot to the lack of adjacent land-based locations
where ground counts might be possible. Therefore the results from these surveys
are considered accurate indices of minimum abundance rather than absolute
population estimates for the study area.

Treatment of aerial survey data—The number of seals counted in Massa-
chusetts and New Hampshire is presented by haulout site for each survey. Yearly
abundance estimates were calculated by determining the average number of seals
counted at each haulout site within a year (based on the January—March surveys),
then summing over all sites within the study area for that year. An average
estimate for each haulout site in Massachusetts and New Hampshire, 1983—
1987, was also determined in the same manner, independent of years.

The number of seals counted at each haulout site in Connecticut, Rhode
Island and Long Island Sound during the March 1986—1987 aerial surveys is
also presented by survey. We did not determine an average number of seals at
each haulout site based only on the three surveys flown in this portion of the
study area. Rather, an upper limit on the number of seals in Connecticut, Rhode
Island and Long Island Sound for the years 1986-1987 was estimated by
summing the maximum number of seals counted at each haulout site during
the surveys to obtain a single estimate. This technique likely overestimates the
actual number of seals in this portion of the study area. However, we believe
the comparison between the number of seals counted during individual surveys
to this calculated maximum provides a useful lower and upper index of abun-
dance for the number of seals in Connecticut, Rhode Island and Long Island
Sound.

Food habits—collection of scats—Because daily patterns of harbor seals
throughout southern New England are constructed generally around periods of
a mid-day lowtide haulout, scat samples were collected at, or just following low
tide. The collection sites were chosen based on accessibility to haulout sites and
the number of seals at accessible sites. We determined (based on the results of
the 1983 survey) that 70% of the harbor seals in our study area were located
on Cape Cod. Therefore, the contents of scats from the sites on Cape Cod would
represent the diet from a similar percentage of seals in our study area. With the
exception of the Isles of Shoals, sub- or intertidal rock ledge haulout sites are
inaccessible during mid-winter.

Treatment of scat samples—Following collection, all scats were frozen indi-
vidually for later examination. Prior to examination the scats were emulsified
for 12—24 h in a mixture of 10 parts ethyl alcohol (95%), 3 parts water, and
1 part carboxymethylcellulose solution (following Pitcher 19804, Treacy and
Crawford 1981) and then sorted manually. Although otoliths were the primary
prey indicators found in the scat samples, we also used scales, diagnostic bones
and dermal projections (bony and cartilaginous fishes), or beaks and eye lenses
(cephalopods) to identify prey species. Each prey component was identified to
the lowest taxonomic level possible using available keys (Clarke 1962, Brodeur
1979), and by comparison with reference specimens at the National Marine
Fisheries Service, Northeast Fisheries Center, Woods Hole, Massachusetts.
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Figure 1. 'The study area extends along the coastline and nearshore islands of southern
New England from the Isles of Shoals on the Maine—~New Hampshire border south
through the eastern half of Long Island Sound.

Ranking of prey items from scat samples—In this study, all recognizable otoliths
and hard-bone patts from prey species ate expressed as a percentage of the total
sample based on an adjusted or modified frequency of occurrence of each prey
species in the samples. The frequency of occurrence of a prey species is the
percentage of stomachs or scat samples containing that species, independent of
volume or number of prey (Hyslop 1980). However, because some samples
contain more than one type of consumed prey, the summed frequency of
occurrence always exceeds 100% (Spalding 1964). Therefore Spalding (1964)
adjusted the proportion of each prey item to total 100%, a technique referred
to by Bigg and Perez (1985) as the modified frequency of occurrence. When
quantitatively estimating the number of fish species in the diet only by the
contents of scats, this is the most accepted and widely used technique (Prime
1979, Treacy and Crawford 1981, Bailey and Ainley 1982, Brown and Mate
1983, North ez #/. 1983, Testa et /. 1985, Prime and Hammond 1987,
Harwood and Croxall 1988).
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REsurts

The present distribution and abundance of havbor seals in Massachusetts and
New Hampshive—The number of seals counted at each haulout site in Mas-
sachusetts and New Hampshire during January—February 1983 and 1984 was
very stable, increasing by less than 2.0% from 2,858 = 172 in 1983 (the
average estimate and the 95% CI, Table 1) to 2,894 £ 172 seals in 1984. In
1985 and 1986, the average number of seals counted during the surveys increased
by approximately 27% over the two previous estimates to 3,945 + 76 in 1986
and 3,870 = 300 in 1987 (Table 1). The two greatest counts occurred during
March 1986 and March 1987. The average number of seals counted during
these two surveys (4,465 £ 295) reflect a maximum number of seals throughout
the study area. Since January 1985, a minimum of 4,000 seals has been
counted on 50% of the aerial surveys in Massachusetts and New Hampshire
(Table 1).

The total number of haulout sites and location of each site did not change
during the 5-yr study period. Preferred haulout sites were apparent. Approxi-
mately 58% of the seals counted in Massachusetts and New Hampshire (based
on the average number of seals for the combined data, 1983—1987, Table 1)
overwintered at the Jeremy Point, the Monomoy Island National Wildlife Refuge
(Monomoy), and the Nantucket Island haulout sites. These are the three largest
concentrations of seals in southern New England. All three sites are sand beaches /
shoals and are located on, or adjacent to, Cape Cod (Fig. 2). The average number
of seals which occur at Monomoy represents approximately 34% of the minimum
abundance estimate for the entire Massachusetts-New Hampshire study area.
This is the largest single aggregation of seals throughout the study area.

Nine of the ten remaining haulout sites were rock ledges (Table 1). Thirty-
one percent of the seals recorded in the survey area used these sites. The number
of seals counted at the Isles of Shoals was extremely consistent between counts
and years (369 & 55 seals, average estimate and 95% CI, Table 1). This site
is used by more seals than any other rock-ledge site in the study area.

The remaining 2% of the seals occurred at the Nauset Marsh haulout site
which is comprised of peat beds and marsh grass.

Distributional shifts between sites did occur. For example, the number of
seals at the Race Point haulout site significantly decreased between 1983—1987.
The timing of this decrease corresponds to a shift in the sand beach configuration
at the Race Point haulout site allowing easier access to the site at low tide. Since
then, except for the January 1985 survey, the number of seals using this site
during mid-winter has been significantly reduced (see Table 1). Also, the waters
surrounding the Jeremy Point haulout site were completely iced-over during
January 1986 preventing any seals from accessing this location resulting in a
zeto count during that survey. Subsequently, during the February and March
1986 aerial surveys, the water surrounding this haulout site became ice-free and
the site was re-occupied (see Table 1).

The present distribution and abundance of harbor seals in Rhode Lsland, Con-
necticut and eastern Long Island Sound—The maximum number of seals counted
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The average number of seals (£95% CI) counted during each year of the surveys and for the entire study period is also presented.

1983

1984

1985

1986

1987
Haulout site Jan Feb Jan Feb Jan Feb Jan Feb  Mar Mar & £ 95% CI?
New Hampshire
Isles of Shoals rock 322 187 362 443 432 425 489 392 360 277 369 *+ 55
New Hampshire coastline rock 45 23 76 43 78 44 43 0 58 91 50 + 17
Massachusetts
New Hampshire to
Boston Harbor rock 131 25 233 40 328 246 406 202 396 393 240 + 88
Strawberry Point rock 184 133 187 220 195 236 165 194 271 524 237 + 65
Plymouth Harbor ' rock 36 38 33 53 34 54 43 52 43 59 45 £ 6
Stage Point rock 98 104 44 51 74 77 51 88 134 210 93 + 31
Ellisville rock 49 47 61 75 55 15 15 43 47 171 58 £ 27
Race Point sand 289 260 26 75 203 50 15 53 55 21 105 + 65
Jeremy Point sand 134 431 62 505 621 437 0 588 697 398 387 % 150
Nauset Marsh peat —b — 67 103 65 12 0 22 0 44 39 + 23
Monomoy Island sand 1,040 1,017 967 569 1,326 1,464 1,095 1,587 1,672 1,082 1,182 + 206
Nantucket Island sand 244 556 542 511 510 455 305 446 777 507 485 £ 90
Martha’s Vineyard to
Nomans Land rock — 27 23 104 0 37 136 40 75 164 68 = 37
Elizabeth Islands to
Rhode Island rock 140 157 221 89 190 199 214 235 109 253 175 + 41
Totals 2,712 3,005 2,904 2,881 4,111 3,779 2977 3,942 4736 4,194
£ + 95% CI 2,858 + 172 2,894 + 172 3,945 % 76 3,870 + 300 4,194 3,560 + 255

a Confidence intervals are the product of the standard error of the mean and the appropriate Student’s-# level of confidence (P < 0.05).
b A dash indicates no data, not a zero count.
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Figure 2. 'The location of the major haulout sites in New Hampshire and Massa-
chusetts referred to in the text (left) and the relative number of harbor seals (based on
the average number of seals from the aerial survey data, 1983—1987, Table 1) counted
at each haulout site (right). Dot sizes represent the average number of seals counted at
each site: small (solid) = <100, medium (open) = =100 and <300, large (solid) =
=300.

on any of the 1986—1987 March surveys between the Massachusetts-Rhode
Island border southwest to, and including, the eastern half of Long Island Sound
was 271 individuals (counted during the March 1987 survey, Table 2). The
only haulout site in this portion of the study area used consistently by more
than 50 seals occurred at Fishers Island, New York. This site had a single, high
count of 101 seals (the range was 78—101) during March 1986.

The estimated maximum number of seals in this portion of the study area
during 1986—1987 (determined by summing the maximum number of seals
counted at each of the major haulout sites during the surveys, Table 2) was
374 animals. Therefore, 271-374 seals is a realistic lower and upper limit on
the present number of seals occurring in Rhode Island, Connecticut and eastern
Long Island Sound. The location of each haulout site and the relative number
of seals counted at each site during the 1986—1987 surveys (based on the
maximum number at each site, Table 2) ate shown in Figure 3. This upper
and lower limit is between 7.0-10.0% of the estimated number of seals which
occurred throughout New Hampshire and Massachusetts during 1987.

Food habits—selected prey based on scat analyses—Between 1984-1987, 248
scat samples were collected from the following four haulout sites in the study
area: the Isles of Shoals, Race Point, Jeremy Point and Monomoy. Approximately
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Table 2. The number of seals counted at each haulout site during the March 1986—
1987 surveys to Rhode Island, Connecticut and eastern Long Island Sound.

Number of seals by survey

4 March 21 March 7 March
Location 1986 1986 1987

Rhode Island
Narragansett Bay

Halfway Rock 1
Prudence Island 9
Patience Island 11 8
Dumplings Islands 43
Rome Point 36
Sakonnet Point 11 16 6
Block Island 1
Connecticut
Mouth of Connecticut River 21
Long Island Sound
Fishers Island 101 78 90
Falkner Island 18
Great Gull Island 8 25 48
Gardiners Island 26
Sag Harbor 22
Shinnecock Inlet 1
Montauk Point 30 12
Tortal 172 179 271

95% (n = 234) were collected from the three haulout sites on Cape Cod. To
simplify the presentation of data in the figures, similar prey types were combined
into species or related prey groupings. These include gadiform or cod-like fishes,
the flounders and members of the rockfish family. The gadiform group includes
the following species: Atlantic cod, Gadus morhua, haddock, Melanogrammus
aeglefinus, red hake, Urophycis chuss, long-finned hake, Phycis bilinearis, and
ocean pout, Macrozoarces americanus. All of the unidentified, young-of-the-year
gadids were also included in this group. The flounder group included the
following species: American plaice, Hippoglossoides platessoides, witch flounder,
Glyprocephalus cynoglossus, windowpane, Lophopsetta maculata, yellowtail, Li-
manda ferruginea, and winter flounder, Pseudoplenronectes americanus. The rock-
fish group included two species, the redfish, Sebastes marinus, and the black-
bellied rosefish, Helicolenus dactylopterus.

Sandlance represented 86.8% (# = 46) and 84.6% (n = 125) of the total
prey taken at Race Point and Monomoy, respectively (Fig. 4). During the
January—February collections, sandlance was the dominant, near-exclusive prey
item at Race Point (90%, » = 80) and Monomoy (99%, » = 80). Sandlance
otoliths represented over 99% of the total otoliths collected from Cape Cod,
occurring in all but nine of the scat samples. Although sandlance was the
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Figure 3. 'The location of the major haulout sites in Rhode Island, Connecticut, and
eastern Long Island Sound referred to in the text (upper) and the relative number of
harbor seals (based on the maximum number of seals, 1986-1987, Table 2) counted at
each haulout site (lower). Dot sizes represent the number of seals counted at each site:
small = <10, medium = =10 and <30, large = =30.

dominant prey taken by seals at Jeremy Point (50%, » = 63), other prey items
including squid (22%, # = 63) were also consumed throughout the winter (Fig. 4).

A seasonal change in the diet of harbor seals was evident only at Monomoy.
The occurrence of sandlance in the scat samples decreased from 99% (# = 80)
in the January—February collections to 66% (n = 45) in the March—April
collections. During March—April 1986, sandlance represented only 32% (» =
11) of the diet of seals at Monomoy. Concurrent with this apparent decrease
in the frequency of sandlance in the diet at this location during 1986-1987,
several other species (lounders and Adlantic herring, Clupea harengus) became
more appartent. The frequency of Atlantic hetring increased in the diet of seals
from 5% (n = 80) in January—February to 16% (» = 45) in the March—April
collections. Due to the known low recovery rate of herring otoliths in scats (da
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Figure 4. The percent composition of each prey species or species-group in the diet
of harbor seals at Race Point, Monomoy and Jeremy Point, based on modified frequency
of occurrence of the prey in the scat samples collected at each site. Species codes include
the following: FLNDR = flounder spp.; GADID = Gadidae, or cod-like fishes; HERR
= Atlantic betring, Clupea havengus; SANDL = Amertican sandlance, Ammodytes ameri-
canus; MACK = Adantic mackerel, Scomber scombrus; SKATE = Raja spp.; SQUID =
short-finned, Hlex illecebrosus or long-finned squid, Loligo pealei.
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Silva and Neilson 1985), the role of Atlantic herring in the diet of harbor seals
may be higher than we indicate. However, given the large sample of scats
collected from Cape Cod haulout sites, we feel this bias to be minimal,

During 19841985 95% (n = 99) of the diet at Monomoy consisted of
sandlance. This amount decreased to 57% (» = 26) during 1986—1987. The
percent occurrence of Atlantic herring in the samples increased from 0% (» =
99) during 1984—1985 to an average of 15.0% (#» = 26) during 19861987
at Monomoy.

Regional variation between the diet of seals was most obvious when comparing
the contents of scats collected at the Isles of Shoals to those collected from
haulout sites on Cape Cod (Fig. 5). The rockfish family (redfish and black-
bellied rosefish) and gadiforms (Atlantic cod, haddock, and four-bearded rock-
ling, Enchelyopus cimbrius) made up 44% (n = 14) of the major prey species
at the Isles of Shoals. Atlantic herring, yellowtail flounder, and American plaice
were other major prey species represented in the scat collections from the Isles
of Shoals. The sandlance was represented in the diet of seals at the Isles of
Shoals by a single otolith, whereas they dominated numerically the combined
samples collected on Cape Cod (73.8%, » = 234, Fig. 5).

In spite of regional, seasonal, and annual fluctuations in the composition of
prey, sandlance was obviously the most common single prey item consumed by
seals in southern New England (based on the frequency of occurrence in scat
samples). Sandlance contributed a minimum of 55% to the harbor seal prey
species throughout New Hampshire and Massachusetts during the period 1984—
1987. This estimate is based solely on the percentage of seals occupying Cape
Cod relative to the entire total number of seals in New Hampshire and Mas-
sachusetts (2,686 seals or 75% based on average abundance data, Table 1)
multiplied by the percent occurtence of sandlance in the diet of seals in waters
adjacent to Cape Cod (73.8% based on dietary data presented in Fig. 5). The
total contribution of sandlance to the dietary requirements cannot be calculated
accurately due to the inability to collect scat samples from haulout sites away
from Cape Cod and due to the lack of knowledge of the relative digestible
energy of different prey species.

Discussion

Distribution and abundance—The distribution of harbor seals in southern
New England reflects the distribution of available haulout locations. Harbor
seals have been shown to select haulout sites on the basis of topography and
degree of exposure (Sullivan 1980, Schneider and Payne 1983), tide (Fisher
1952, Venables and Venables 1955) and degree of isolation from human
disturbance (Newby 1973, Sullivan 1980). The four largest concentrations of
seals in our survey area (Isles of Shoals, Jetemy Point, Monomoy, and Nantucket)
occur at sites where these conditions extend over a relatively large geographic
area. The seals which occur at Monomoy are the largest, single aggregation of
seals in the eastern United States. The only larger aggregation at a single site
occurs at Sable Island, Nova Scotia (Boulva and McLaren 1979), another large,
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Figure 5. 'The percent composition of each prey species or species-group in the diet
of harbor seals on Cape Cod, Massachusetts, based on the modified frequency of occusrence
of the prey in the combined scat samples from Cape Cod (# = 234) as compared to the
percent composition of each prey species or species-group represented in the scat samples
collected from the Isles of Shoals (# = 14). Species codes include the following: FLNDR
= flounder spp.; GADID = Gadidae, or cod-like fishes; HERR = Atlantic herring, Clupea
barengns; SANDL = American sandlance, Ammodytes americanus; MACK = Atlantic
mackerel, Scomber scombrus; SKATE = Raja spp.; SQUID = short-finned, Ilex illecebrosus
or long-finned squid, Loligo pealei; CUNN = cunner, Tautogolabrus adspersus; ROCKFE
= rockfish, either redfish, Sebastes marinus or black-bellied rosefish, Helicolenus dactylop-
tevus.

isolated island dominated by sand beaches. The apparent preference by harbor
seals in southern New England for sand beach/shoal haulout sites may be a
function of the greater area available to seals for hauling out. Competition for
space, which probably occurs at rock ledge sites, would be reduced.

The differences observed in the number of seals counted during aerial surveys
between the period 1983—1984 and 1985—1987 in the present study can be
explained as an indirect result of an age-specific mass mortality of harbor seals
which occurred throughout southern New England (primarily in Massachusetts)
in 1980 (reported by Geradi ez @/. 1981). Over 90% of the seals which died
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during this mortality were less than 3 yr of age. Therefore, during the years
immediately following the epidemic, a very reduced number of seals would
become adult-age and be recruited into the breeding component of the New
England population. Boulva and McLaren (1979) found that female harbor
seals did not pup until age 4 but that all were mature by age 6. Due to the
mortality and the age at which female seals reproduce, we would not expect
any significant increases in the number of breeding adults or increased pup
production in New England until 1984—1986 (four to six yeats following the
epidemic). The average number of seals counted on the aerial surveys during
1983—1984 was very similar (range 2,712—3,005, Table 1). These counts
indicate a very stable breeding population and rate of pup production. We
believe that the rapid increase observed during the winter 1985 is directly related
to an increase in the number of breeding animals in New England during 1984
(four years after the epidemic), followed by an increase in the total number of
pups born that season. This, subsequently, resulted in the observed increase in
the number of seals dispersing southward into southern New England since that
date.

Food habits of harbor seals—Two distinct prey communities are represented
in the data. The prey selected from the Cape Cod areas was dominated by
sandlance. Sandlance prefer sandy shoals and banks (Reay 1970), characteristic
of the Cape Cod area. The community of fishes selected by harbor seals at the
Isles of Shoals was more diverse, teflecting the bottom fishes characteristic of
the deeper, colder waters of the Gulf of Maine. The differences in the ocean-
ographic features between the two regions likely influence the distribution and
availability of prey species to harbor seals. Harkonen (1987) also found that
seals found on rocky shores have not only a different diet, but also a more
diverse diet than those seals found on sandy shores.

The large number of sandlance otoliths found in the scat samples on Cape
Cod in 1984 and 1985, then the decline in the frequency of occurrence of
sandlance otoliths in the samples collected in 1986 and 1987 appear directly
related to the recent population fluctuations of that species. The relative abun-
dance of sandlance increased in waters adjacent to Cape Cod in the mid 1970s
(Smith er al. 1978, Meyer et al. 1979, Sherman ez 2/. 1981, Morse 1982).
During this time, sandlance became an important prey for cetaceans (Overholtz
and Nicolas 1979, Hain ez 2/. 1982, Payne ez a/. 1986), fishes (Bowman e?
al. 1984) and seabirds (Powers and Backus 1987) in waters around Cape Cod.
Since the mid 1980s sandlance biomass has declined (Bowman ez #/. 1984)
and in 1986, completely disappeared from several locations around Cape Cod
(based on the results of standardized trawl surveys conducted by the National
Marine Fisheries Service, Northeast Fisheries Center, Woods Hole, Massachu-
setts, unpublished data).

Our study supports the findings of previous studies (Rae 1973, Boulva and
McLaren 1979, Pitcher 19804, Beach ef #/. 1982, Brown and Mate 1983,
Harkonen 1987) which indicate that harbor seals feed opportunistically on species
which are regionally and seasonally dominant, with a preference for small,
schooling fishes (Boulva and McLaren 1979, Pitcher 19804, Bigg and Perez
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1985), and have the capability to shift prey selection rapidly in response to
shifts in availability.

There are biases inherent in the interpretation of the diet of seals from
examination of scat contents (Pitcher 19804, Frost and Lowry 1981, Brown
and Mate 1983, Bigg and Fawcett 1985, Bigg and Perez 1985, Murie and
Lavigne 1986, David 1987) and otoliths may not be used to completely re-
construct the proportion of fish species (by biomass) in the diet of pinnipeds
(daSilva and Neilson 1985, Dellinger and Trillmich 1988). However, it is
generally considered that the hard-bone parts found in feces provide the most
useful information on the range of prey species consumed (Pitcher 19804), and
are a biased but consistent sample of those prey ingested by the seal (Harwood
and Croxall 1988). Further, reliable estimation of the diet composition in terms
of number (not biomass) can be quite accurately assessed with an adequate
sample size (Dellinger and Trillmich 1988).

Management considerations—Since protection under the MMPA, the increase
in the harbor seal population in New England has precipitated a similar increase
in the number of seals overwintering in southern New England (Payne and
Schneider 1984). The continued growth of the New England seal population
will require either a progressive increase in the number of seals at present pupping
sites, an increase in the number of new pupping sites, or both. Along the coast
of Maine, suitable natal or pupping sites are rock ledges with a low profile,
exposed at all tides, and protected (Gilbert and Wynne 1984). Wilson (1978)
showed a tendency for harbor seals to return to their natal sites in successive
years. Therefore, without human disturbance, it is possible that pups botn in
southern New England would, in turn, become year-round residents south of
Maine and resume pupping on the more remote haulout sites.

However, there are few rock ledges in southern New England suitable for
pupping, and all beaches are major recreational areas, particularly during the
breeding season (late spring to late summer). Given the lack of suitable pupping
ledges, and the likelihood of human disturbance which has been shown to deter
seals from pupping (Allen ez /. 1984), it seems unlikely that seals will again
establish pupping sites in southern New England. Therefore, while seals will
continue to winter in southern New England due to continued recruitment from
the breeding stock north of Massachusetts, the lack of pupping will preclude
any large numbers of seals from remaining south of Maine on a year round
basis.

Thete is widespread perception among fishermen that if seals were eliminated
or at least if their numbers were reduced, more commercial fishes would become
available to humans. David (1987) suggested that this was due partly to the
conspicuous ‘‘high-profile” behavioral patterns of seals. Furthermore, he sug-
gested that the role of seals as top predators and competitors with commercial
fisheries has been over-emphasized as compared to other, less obvious predators
(i.e., fish). The information examined in this study indicates that since the early
1980s (and likely since the mid 1970s) a significant percentage of the diet of
seals throughout southern New England has consisted of American sandlance,
a small, non-commercial species. Given the present population level of seals in
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southern New England, their seasonal pattern of occurrence, and the frequency
of non-commercial fish species in their diet, we contend that since protection
(including the period of recent population growth) harbor seals have not been,
nor have they yet become, a threat to commercial fisheries in southern New
England.
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