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spring, an in situ subice sampling method which encloses the
algal sample before disturbance gives higher biomass estimates
than SIPRE coring. The SCC is the instrument of choice for
mid to late season because it is fast, accurate, and inexpensive.
However, because of suction-line freezing problems, SIPRE
cores may still be preferable below = —30°C. Diver-operated
devices are very good but require a sophisticated and costly
ice-diving program. Nevertheless the ability to visually verify
remotely obtained results, and to calibrate other techniques,
may make diving worthwhile.
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Aquat. Sci. 45: 568-571.

Northern gannets, Sufa bassanus, and possibly other seabird species nesting on Funk Island off northeastern
Newfoundiand preyed on postsmolt Atlantic salmon, Salmo salar. Salmon comprised less than 1% of 2928
regurgitated food samples collected from gannets at the colony. Ten smolt tags were recovered in and near the
gannetry during August or September in 1984 through 1986. The tags were from smolts released 3—4 mo earlier
in the Penobscot River (Maine) (n = 7) and one each from the Saint john River (New Brunswick) and the Lower
Clvde and LaHave rivers (Nova Scotia). These recoveries provide evidence that postsmolt Atlantic salmon from
rivers in New England, the Bay of Fundy, and the Atlantic coast of Nova Scotia migrate off eastern Newfound-
land. This migratory pattern contrasts with that of postsmolts from the Gulf of St. Lawrence, which tend to
move northwards along Newfoundland’s west coast and through the Strait of Belle Isle.

Des fous de Bassan (Sufa bassanus) et peut-étre d’autres oiseaux marins nichant sur I'tle Funk, au large de la
cOte nord-est de Terre-Neuve, ont consommé des post-smolts de saumon de I'Atlantique (Salmo salar). Le
saumon composait moins de 1 % des 2 928 échantillons de nourriture régurgitée recueillis de fous de Bassan
de la colonie. Dix étiquettes de smolts ont été récupérées dans la colonie et aux environs en aolt ou septembre
de 1984 2 1986. Les étiquettes provenaient de smolts relichés de 3 a 4 mo plus t6t dans la riviere Penobscot
(Maine; n = 7); trois autres étiquettes provenaient de la riviére Saint-Jean (Nouveau-Brunswick) ainsi que des
rivieres Lower Clyde et LaHave (Nouvelle-Ecasse). Ces étiquettes récupérées prouvent que les post-smolts de
saumon de |'Atlantique venant de riviéres de la Nouvelie-Angleterre, de la baie de Fundy et de la cote atlantique
de la Nouvelle-Ecosse traversent les eaux cotieres occidentales de Terre-Neuve au cours de leur migration. Ce
régime migratoire fait contraste avec celui des post-smolts du golfe du Saint-Laurent qui ont tendance i se
diriger vers le nord ie long de la cote ouest de Terre-Neuve et passent par le détroit de Belle (sle.
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in the Northwest Atlantic are not well understood (Ker-

swill and Keenleyside 1961; Cutting and Meister 1967,
Stasko et al. 1973). The usual means of gathering information
about the migration of salmon is the capture of tagged fish in
commercial nets (Cutting and Meister 1967), but because there
is no directed fishery for postsmolts, little is known about their
movements (Huntsman 1938; Blair 1957; Murray 1958). The
recapture of tagged postsmolts from rivers in the Gulf of St.
Lawrence indicates that most of these fish depart the Guif via
the Strait of Belle Isle and that a small proportion travel south
of Newfoundland via the Cabot Strait (Caron 1983; see also
Kerswill 1955; Murray 1958; Belding and Préfontaine 1961).
In this note we report observations on postsmolt Atlantic
salmon migration based on a new data source: tag recoveries
resulting from seabird predation. We also document the sig-
nificance of predation by northern gannets, Sula bassanus, on
Atlantic salmon.

Methods

During the course of investigations on the feeding ecology
of northern gannets on Funk Island (49°46'N, 53°11'W), New-
foundland, on 7-19 August 1984, 21 August — 14 September
1985, and 7-15 August 1986, 10 Atlantic salmon smolt tags
were recovered. Tags were either attached to dead postsmolts
regurgitated by gannets (1986) or on the ground in nesting
areas of gannets, great black-backed gulls, Larus marinus,
herring gulls, L. argentatus, and Atlantic puffins, Fratercula
arctica (1984, 1985). During summer research visits in 1977—
80, 1982-83, and 1987, a small number of salmon were eaten
by gannets, but no tags were found. Only during 1984-87 did
we actively search for tags. The numerical percentage of At-
lantic salmon in the diets of the gannets in these years was
estimated from regurgitated food samples collected in nesting
and roosting areas on Funk Island. Rates of travel at sea were
coarsely estimated by calculating straight-line distances be-
tween the mouths of rivers into which the tagged smolts were
released and dividing these by the number of days in the re-
lease—recovery intervals.

The migratory patterns of Atlantic salmon, Salmo salar,

Results

All tags were from hatchery smolts released into rivers in
Maine, New Brunswick, and Nova Scotia during the previous
late April — early May (Table 1). Seven of the 10 recoveries
were from fish released into the Penobscot River (Maine), and
tags from salmon from this river were recovered in each of
the years from 1984 through 1986. Using a release date of 8
May (Table 1), the X + SD release~recovery interval was
102.1 = 10.1d (range = 92-127 d). On the basis of straight-
line sea distances between the mouths of rivers into which
tagged smolts were released and Funk Island (Fig. 1), the
postsmolts would have traveled a X = SD of 19.2 = 2.2
km-d-1 (range = 15.7-21.7 km-d—Y).

Gannets preyed on Atlantic salmon that had approximate
total lengths of 25-30 cm. From 1984 through 1986, salmon,
including fish and tags, made up less than 2% (17/996) of the
food samples. During 197780, 1982-83, and 1987, only 6
salmon (0.3%) were found among 1932 regurgitated fish sam-
ples. In all years combined, salmon comprised 0.8% of the
regurgitated food samples identified (23/2928). In 1986, 33%
(4/12) of the salmon found in the food samples were tagged.
These tags were removed from fresh fish regurgitated by gan-
nets and were thus obtained within hours of predation.
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Discussion

QOur data indicate that some postsmolts from rivers in Maine,
the Bay of Fundy, and the Atlantic Coast of Nova Scotia
migrate off Newfoundland’s east coast. Consistent with this
finding, a tag from a salmon smolt from the St. Croix River
on the Maine — New Brunswick border was recovered from a
common murre, Uria aalge, at Witless Bay in eastern New-
foundland on 13 July 1984, approximately 2 mo after its re-
lease (D. Methven and J. Piatt, Newfoundland Institute for
Cold Ocean Science, Memorial University of Newfoundiand,
St. John’s, Nfld., pers. comm.). These movement patterns
contrast with those of postsmolts from the Guif of St. Law-
rence, which tend to migrate northwards through the Strait of
Belle Iste (Caron 1983).

Our estimate of the mean rate of daily movement at sea is
most probably low for at least four reasons: (1) released fish
usually take days or weeks to depart rivers and estuaries before
the onset of migration (Stasko et al. 1973); (2) it is not likely
that migrating fish take straight-line routes; (3) many days may
have elapsed between the time birds preyed on the marked fish
and the dates on which we subsequently recovered detached
tags; (4) the release—recovery interval of the tag obtained from
the murre’s stomach indicate that much faster rates of move-
ments are possible (see also Stasko et al. 1973).

Our recovery of tags from fresh fish from the Penobscot
River and from the LaHave River on 8 August 1986 indicates
that some postsmolts from different rivers were in the vicinity
of Funk Island simulitaneously and suggests that fish from dif-
ferent rivers travel together or in proximity at sea. Gannets,
however, have a foraging range of more than 100 km (Mon-
tevecchi and Porter 1980; Kirkham et al. 1985), so these fish
may have been spatially well separated. In contrast, Huntsman
(1938) suggested that salmon from different rivers might have
distinct migratory chronologies and routes. The postsmolts may
have also been close to schools of other surface schooling
pelagic fish: of the 12 fresh salmon found in gannet regurgi-
tations in 1986, 6 were in regurgitations that also contained
mackerel, Scomber scombrus (3), herring, Clupea harengus
(2), and Atlantic saury, Scomberesox saurus (1). Gannets
plunge dive for prey that occur in about the upper 5 m of the
water column, where postsmolts are likely to swim (Huntsman
1938).

The salmon captured by gannets on Funk Island were smaller
than most prey taken by these birds (Montevecchi and Barrett
1987; W. A. Montevecchi, in prep.). Five of the tags were
recovered in nesting areas of great black-backed gulls, herring
gulls, and Atlantic puffins. Although it is possible that all of
these birds prey on small saimon, the tags may have been
transported to these nesting areas from the gannetry by gulls
that scavenge food scraps from the gannets. The puffins (~0.4
kg) are the smallest of the potential predators and would not
be able to take fish as large as could murres, gulls, or gannets.

Salmon was a very minor component of the gannets’ diet;
these seabirds eat very few of these fish. Salmonids are con-
sidered to be preyed on much more extensively by other avian
predators, such as cormorants Phalacrocorax spp., common
mergansers, Mergus merganser, and belted kingfishers, Me-
gaceryle alcyon (e.g. Elson 1962, 1975; Wood 1985; Kennedy
and Johnston 1987), but the only other salmon tag recovery
associated with avian predation that we could find in the lit-
erature, involved an osprey, Pandion halicetus (Blair 1956).
Salmon tags have also been recovered from cormorants and
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TABLE 1. Atlantic salmon tag recoveries made in 198486 in and near the colony of northern gannets

on Funk Isiand, Newfoundland.

River of origin

Release date

Recovery date

Lower Clyde River, May 1984 18 August 1984
Nova Scotia

Saint John River, 8 May 1984 19 August 1984
New Brunswick

Penobscot River, Late Aprif — 19 August 1984
Maine early May 1984

Penobscot River at Late April - 19 August 1984
Eddington, Maine early May 1984

Penobscot River, east branch, Late April — 19 August 1984

at Medway, Maine
Penobscot River at

Eddington, Maine
LaHave River,

Nova Scotia
Penobscot River, Maine
Penobscot River, Maine
Penobscot River, Maine

May 1986

8 and 9 May 1986
8 and 9 May 1986
8 and 9 May 1986

early May 1984
Early May 1985

12 September 1985
8 August 1986
8 August 1986

9 August 1986
10 August 1986

L] i8¢
[ s

km

FiG. 1. Rivers of origin and straight-line distances of travel at sea by postsmolt Atlantic salmon whose tags were recovered in the seabird
colonies on Funk Island (FUNK), Newfoundland. P = Penobscot River, 8] = Saint John River, LC = Lower Clyde River, LH = LaHave

River.

mergansers, although these data are yet to be published (G.
Farmer, Department of Fisheries and Oceans, Halifax, N.S.,
pers. comm.; C. C. Wood, Pacific Biological Station, Na-
naimo, B.C., pers. comm.). Preliminary plans are also being
made to use metal detectors to search for metallic salmon tags
in cormorant colonies in British Columbia (A. E. Burger,
Bamfield Marine Station, Nanaimo, B.C., pers. comm.).
Owing to trophic interactions between seabirds and fish, the

570

feeding and reproductive patterns of marine birds can be used
to assess fish stock distribution and availability, as well as
mesoscale oceanography (e.g. Ashmole and Ashmole 1968;
Boersma 1979; Berruti 1987; Furness and Monaghan 1987,
Montevecchi et al. 1987). The present report indicates that
marine birds can also serve other functions in monitoring fish-
eries, and comprehensive studies of the trophic interactions of
seabirds will certainly reveal more.
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Dependence of Lake Oxygen Depletion Rates on Maximum Oxygen
Storage in a Partially Meromictic Lake in Alberta’

Annette M. Trimbee and E. E. Prepas

Department of Zoology, University of Alberta, Edmonton, Alta. T6G 2E9

Trimbee, A. M., and E. E. Prepas. 1988. Dependence of [ake oxygen depletion rates on maximum oxygen storage
in a partially meromictic lake in Alberta. Can. |. Fish. Aquat. Sci. 45: 571-576.

Areal rates of hypolimnetic oxygen depletion (AHOD) and winter oxygen depletion (AWOD) varied considerably
from year to year in a partially meromictic lake (Narrow Lake) in central Alberta. AHOD ranged from 0.222 to
0.522 g O,-m-2-d-" over four summers and AWOD ranged from 0.354 t0 0.614 g O,-m-2-d-" over three winters.
AHOD was positively correlated with maximum storage of dissolved oxygen (O,) at the onset of summer thermal
stratification (P < 0.05). Similarly, AWOD was higher in years when mixing was more complete and maximum
O, storage at freeze-up was higher. These results suggest that the prediction of O, depletion rates for lakes with
year-to-year variation in maximum O, storage can be improved if maximum O, storage after lake mixing is
considered in addition to other factors known to influence O, depletion rates such as lake productivity and

morphometry.

'A contribution to the Narrow Lake Project based at the Meanook Biological Research Station.
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