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ABSTRACT: We studied the synchronism between the seasonal occurrence of fish larvae and their prey
in ice-covered southeastern Hudson Bay, Canada, in spnng 1988, 1989 and 1990. Arctic cod Boreogadus saida and sand lance Ammodytes sp. larvae hatched several weeks before ice break-up and fed
primarily on copepod nauplii. The timing of 50% yolk resorption was the same every year (11 to 18 May
for Arctic cod and 5 to 11 June for sand lance) but the availability of copepod naupli~varied substantially between years, both in magnitude (7-fold)and timing (4 to 6 wk), lnterannual differences in the
under-ice abundance of nauplii were linked to variations in the abundance of female cyclopoid copepods, and appeared unrelated to the timing of the ice-algal or phytoplankton blooms. Interannual differences (2- to 4-fold) in the feeding success of fish larvae (percent feeding incidence at length and
mean feeding ratio at length) were related to the availability of copepod nauplii Consistent with the
match/mismatch hypothesis, the fixity of the spawning season in relation to a variable cycle of prey
abundance accounted for the observed variations in feeding success and apparent growth (length at
date) of fish larvae. Yet, in this particular ecosystem, a match or mismatch between Arctic cod or sand
lance larvae and their prey may depend more on the dynamics of cyclopoid copepods during the previous winter than on the timing of the spring algal blooms.
KEY WORDS: Match/mismatch . Fish larvae - Feeding success . Boreogadus saida
Hudson Bay

INTRODUCTION
Hjort (1914) suggested that year class strength in
marine fish is determined at yolk resorption when the
first-feeding planktonic larvae have not yet fully developed their foraging abilities and are most vulnerable to
starvation. A lack of suitable prey during this critical
developmental stage would result in massive mortality.
The production of copepod eggs and nauplii (usually
the major prey of first-feeding fish larvae) is often
linked to the production of diatoms (see K i ~ r b o e1991
and Fortier et al. 1992 for reviews). Cushing (1974,
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1975) coupled Hjort's critical-period concept to the critical-depth model of Gran & Braarud (1935) and Sverdrup (1953),which explains the moment and duration
of the spring and autumn diatom blooms in temperate
waters. The resultant match/mismatch hypothesis proposes that variations in year class strength are rooted
in the fixity of the spawning time of marine fish in relation to a variable phytoplankton bloom. Since spawning is adapted to median conditions, a bloom centred
on the long-term median date will generate a strong
year class whlle exceptionally early or late blooms will
result in poor recruitment. According to the hypothesis, an initial mismatch between the mouth aperture of
fish larvae and the average cephalothorax width of
their copepod prey would hamper foraging efficiency
not only at first feeding but during the entire co-development of the young fishes and their prey (Jones 1973).
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Slow growth due to reduced f e e d ~ n gsuccess would
lengthen the period of vulnerability of fish larvae to
predators, thus increasing total cumulative mortality in
the first months of life (Cushing & Harris 1973, Shepherd & Cushing 1980, Anderson 1988, Cushing 1990,
Cushing & Horwood 1994)
The timing between the occurrence of fish larvae
a n d their prey could be particularly critical in seasonally ice-covered arctic and subarctic seas where
the season of biological production is short (Cushing
1975, Drolet et al. 1991). In subarctic Hudson Bay,
Canada, the larvae of 14 fish species occur before
the break-up of the winter ice cover (Ponton et al.
1993). Arctic cod Boreogadus saida and sand lance
Ammodytes sp., which numerically dominate the
ichthyoplankton assemblage, are the earliest species
to emerge. The larvae first appear at the onset of biological production in early May, when ice algae
start to grow at the ice-water interface (Drolet et al.
1991, Ponton et al. 1993).
We monitored the abundance and feeding success of
Arctic cod a n d sand lance larvae in relation to the
vernal development of ice algae and phytoplankton,
and the density of microzooplankton prey in 1988,
1989 a n d 1990, in the area of southeastern Hudson Bay
influenced by the freshwater plume of the Great Whale
River. In the present study, w e address the assumptions a n d predictions of the match/mismatch hypothesis concerning the timing and fixity of larval fish production, the variability of algal blooms and copepod
reproduction, and the impact of interannual variations
in prey density on the feeding success of fish larvae
emerging before the ice breakup. The role of river
plume dynamics a n d other factors (depth, light, temperature, time of day, potential predators) in determining prey availability a n d the feeding success of Arctic
cod and sand lance larvae in southeastern Hudson Bay
is discussed in a separate analysis (Fortier et al. in
press).

MATERIALS AND METHODS
Study area. Hudson Bay (Fig l ) is a large shallow
subarctic inland sea covered w ~ t hannual Ice from
December to early J u n e Restdual c ~ r c u l a t ~ oIn
n the
bay is cyclonic and slow (3 to 5 cm S - ' ) (Pnnsenberg
1986, Lepage & Ingram 1991) Blolog~calproduction
starts In early April when llght becomes sufficient for
microalgae (mostly d ~ a t o m s )to grow at the bottom of
the ice a n d at the r e - w a t e r interface ( e g Gosselln et
a1 1985, Michel et a1 1993) The ice algae support a n
Ice m e ~ o f a u n a comprised of bacterla nematodes,
amphlpods a n d harpacticoid copepods (Grainger
1988) Some calanoid copepods emerge from winter

Flg. 1 Southeastern Hudson Bay, Canada, shobvlng the location of sampling Stations A to E Depth at Statlons A to E was
35, 65, 70, 100 and 140 m respectively. Isobaths are In metres

diapause, metamorphose into adults and start to reproduce as soon as the ice algae develop (Runge & Ingram
1991, Runge et al. 1991). The phytoplankton bloom is
triggered several weeks after the onset of ice-algal
production, when the break-up of the ice cover allows
light to penetrate the surface layer (Drolet et al. 1991,
Michel et al. 1993).
The study was conducted off the mouth of the Great
Whale River In southeastern Hudson Bay (Fig. 1) In
spring and early summer, a major hydrographic feature of the area is the 3 to 5 m thick b r a c k ~ s hplume
formed by the freshwater outflow of the river into the
bay. With the ice cover preventing the vertlcal mlxlng
by wind of the bracklsh plume with the underly~ng
marine layer, the plume may extend over 1000 km2
during the freshet (Ingram & Larouche 1987).
Sampling. To cover the salinlty and turbidity gradients associated with the rlver plume, sampling stations
ranging in depth from 35 to 140 m were positioned at
intervals of about 5 km along a northward transect
starting near the mouth of the rlver (Fig 1). Of these,
4 stations were occupied regularly In 1988 (A, B, C , D),
2 in 1989 (B, E) and 3 in 1990 (A, B, E) (Fig. 1)
Between-station variabtllty and the effect of the river
plume on the feeding of flsh larvae are considered In
detail elsewhere (Gilbert et al. 1992, Fortier et al. in
press). Between-station variability was less than seasonal and interannual vanabllity, a n d . in the present
study, the data from the different stations were pooled
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to assess the seasonal pattern in the abundance of fish
larvae and their prey for the 3 years.
Details of the sampling methodology are given in
Drolet et al. (1991), Gilbert et al. (1992), and Ponton et
al. (1993). I11 summary, ice stations were reached by
snowmobile every 2nd or 3rd day from mid April until
the ice break-up in late May or early June. Vertical
profiles of salinity and temperature were recorded
with a CTD. SCUBA divers used suction guns to collect
ice algae at the ice-water interface (Tremblay et al.
1989). Phytoplankton samples were obtained from different depths with a submersible pump. A 64 pm mesh
plankton net was towed from the bottom to the surface
to estimate the area1 density of the microzooplankton
prey of fish larvae (mainly copepod eggs and nauplii)
and copepods. To capture fish larvae, a sampler
consisting of 2 plankton nets (500 pm mesh, 1 m2
mouth aperture, TSK flowmeters, time-depth recorder)
mounted on a metal frame was towed horizontally at
an average speed of 1.3 m S-', over a distance of 200 m
(1988, 1989) or 150 m (1990) between 2 apertures in
the ice cover using a heavy-duty snowmobile. Two
free-wheeling spherical buoys mounted on the frame
kept the sampler immediately under the ice cover to
sample the 0.5 to 1.5 m depth interval in the brackish
river plume. Removing the buoys allowed us to sample
at 8 to 10 m in the marine layer underlying the brackish plume. Both depth intervals (0.5 to 1.5 and 8 to
10 m) were sampled in succession at each station.
After the ice break-up, a helicopter mounted on
floats or a small boat were used to reach ice-free areas
in the vicinity of the original stations. Sampling was
pursued at intervals of 2 d until mid June, except in
1989 when operations were terminated on 31 May.
Temperature, salinity, phytoplankton and microzooplankton were sampled as described above. Fish larvae were collected with a 1 m diameter conical net
(500 pm mesh) towed horizontally with the helicopter
or the boat (once at the surface and then at 8 m). All ice
and open water stations were visited in daylight,
between 09:OO and 19:OO h. Daily outflow data at the
mouth of the Great Whale River (Station 093801) were
kindly supplied by the Division des reseaux hydriques,
Ministere de llEnvironnement du Quebec.
Samples for the determination of algal biomass were
filtered on GF/F filters, and chlorophyll a concentrations were determined with a fluorometer after 24 h
extraction in 90% acetone at 5OC. Zooplankton samples were preserved in 4 % buffered formalin in seawater. To minimize gut content evacuation, fish larvae
were anaesthetized with MS-222 prior to fixation. All
fish larvae were sorted from the 500 pm mesh samples
(horizontal tows). Standard length (after preservation)
and the presence of a yolk-sac were assessed for all
Arctic cod and sand lance larvae. For both species, a
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subset of larvae (up to 50 depending on availability, on
average 11.4 per sample) was taken at random from
each sample for the determination of gut content. Prey
were excised, measured (width and length) and identified whenever possible. Body (prosome) width and
length of copepod naupli~prey were measured with an
electronic micrometer (resolution of 1 pm) at a magnification of 50x. Percent feeding incidence (percentage
of larvae with a least 1 prey in the gut) and mean feeding ratio (mean number of prey per gut) were calculated for samples containing 5 larvae or more. Copepods and the microzoopla~~kton
prey of fish larvae
were identified and enumerated in the 64 pm mesh
samples (vertical tows). The width and length of copepod nauplii in the plankton collections were measured
as above.

RESULTS

Hydrography, algal blooms, and copepod nauplii

In southeastern Hudson Bay, the freshet of the Great
Whale River is a good indicator of the vernal warming
which precedes the break-up of the ice cover on the
bay. The freshet occurred earlier in 1988 than in 1989
or 1990 (Fig 2a to c). In 1988, the increase in river outflow started around 20 April and reached its maximum
on 12 May (Fig. 2a). The break-up of the ice cover
(when leads multiply and floes separate) started on
20 May, allowing light to penetrate the surface layer. In
1989, river outflow reached its maximum on 23 May,
11 d later than in 1988, and the break-up of the ice
cover on the Bay started around 7 June, 18 d later than
in 1988 (Fig. 2b). In 1990, maximum river flow (23 May)
and ice break-up (5 June) were again late relative to
1988 (Fig. 2c). In all years, temperature varied little as
long as the ice cover persisted, with values of 0°C in
the brackish river plume (0 to 5 m) and -1°C in the
underlying marine layer (Fig. 2d to f).
Depending on the year, the denslty of ice algae at the
ice-water interface reached a maximum in mid- to late
April (Fig. 29 to i). Algal biomass in the river plume
(0 to 5 m layer) was already high at the beginning of
our sampling in 1988 (Fig. 2j) but did not increase until
mid May in 1989 and 1990 (Fig. 2k. 1).The phytoplankton bloom in the water column under the river plume
started in the first week of June in 1988 and 1990
(Fig. 2m, 0). Our sampling stopped before the phytoplankton bloom in 1989.
Over the 3 years of sampling, the assemblage of
copepodites and adult copepods was dominated
numerically by egg-bearers such as Oithona similis
(49.6%), Oncaea borealis (26.0 %), and Pseudocalanus
spp. (15.1%). Copepodites of these species were
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Fig. 2.Southeastern Hudson Bay in spring. Interannual comparison of (a to c) the timing of the Great Whale River freshet, (d to f )
the temperature regime under the ice cover at station B, (g to i) the biomass of ice algae and Ij to 1) phytoplankton in the river
plume and (m to o) in the water column, (p to r) the area1 density of copepodites, (S to U ) female copepods and (v to X) copepod
nauplli (+ 1 standard deviation). All values of microalgal biomass available for each station were plotted. Zooplankton d e n s ~ t ~ e s
are averages of 4 (1988),2 (1989) or 3 (1990) stations. The 3 vertical bars associated with copepodite and female copepod densities (p to U) correspond to 2 average standard deviations in the density of Ojthona similis, Pseudocalanus spp. and Oncaea borealis from left to right respectively, and represent between-station vanability. Vertical arrows indicate the beginning of the Ice
break-up in Hudson Bay
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already present in late April several weeks before the
phytoplankton bloom (Fig. 2p to r). The seasonal pattern of copepodite abundance varied in timing and
amplitude between years, and these variations were
reflected in the density of female copepods (Fig. 2s, t)
and copepod nauplii (Fig. 2v to X ) . In 1988, the density
of copepodites remained relatively low throughout the
sampling period and female abundance did not
increase until late May /early June (Fig. 2p, S). Accordingly, the density of nauplii was relatively low and
increased only in early June (Fig. 2v). In 1989, copepodites and nauplii were more abundant and occurred
earlier (ca 4 wk) than in 1988 (Fig. 2q & W). In 1990,
high densities of copepodites occurred early in the season (Fig. 2r), and the density of nauplii increased about
6 wk earlier than in 1988 (Fig. 2x). The median density
of copepod nauplii was 7.3, 33.4, and 50.6 X 103m-2 for
1988 (n = 65 day-stations), 1989 (n = 50) and 1990 (n =
6 6 ) respectively. Variations among stations in the
abundance of copepodites, female copepods or nauplii
were small relative to seasonal and interannual variations (Fig. 2p to X).
There was no obvious link between interannual variations in the timing and level of microalgal biomass
and interannual variations in the seasonal pattern of
abundance of copepodites or nauplii. For example, the
ice algal bloom occurred roughly at the same time and
with the same intensity in 1988 and 1990, but copepodite emergence and the abundance of nauplii were
minimum in 1988 and maximum in 1990 (Fig. 2). Similarly, the accumulation of substantial algal biomasses
in the river plume (0 to 5 m) occurred 3 wk earlier in
1988 than in 1990, but significant copepod reproduction started 6 wk later than in 1990. Finally, the
increase in the biomass of nauplii coincided with the
increase in phytoplankton in the deep layer in 1988,
but copepod nauplii occurred well before the phytoplankton bloon~in 1989 and 1990.

Seasonal occurrence and diet of Arctic cod and
sand lance larvae
Arctic cod Boreogadus saida and sand lance
Arnmodytes sp. represented 56.4 and 34.4% respectively of all fish larvae collected along the sampling
transect over the 3 years. A majority of the larvae of
both species were captured in the 8 to 10 m depth
interval (Fig. 3). In any year, the 2 species were present
several weeks before the ice break-up. Background
densities of < l larvae 100 m-3 were observed for both
species at the onset of sampling in late April of each
year. Except for sand lance in 1988, densities did not
increase until the first days of May (Fig. 3). This timing
varied remarkably little among the 3 years sampled.
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Fig. 3. Boreogadus saida, Arnmodytes sp. Time series of (a to
c) Arctic cod and (d to e) sand lance density in the 0.5 to 1.5 m
(dotted line) and 8 to 10 m depth layers (continuous line) in
southeastern Hudson Bay in 1988, 1989 and 1990. Densities
are the average (+ 1 standard deviation) of 4 stations in 1988.
2 in 1989 and 3 in 1990. Note the different scales for density.
Vertical arrows indicate the beginning of the ice break-up in
Hudson Bay

Relatively few Arctic cod larvae were captured a t any
time in 1988 (Fig. 3a). Densities increased sharply in
mid-May in 1989 (Fig. 3b) and more regularly over the
entire sampling period in 1990 (Fig. 3c). In 1988, sand
lance abundance peaked first in early May and then
again in late May before densities declined to nearzero values in early June (Fig. 3d). In 1989 and 1990,
densities increased regularly until the end of our sampling (Fig. 3e, f ) . Interestingly, patterns of abundance
for a given year were similar for the 2 species, suggesting that the same forcing (e.g. large-scale advection)
affected the regional abundance of Arctic cod and
sand lance. Variations among stations were small relative to seasonal and interannual variations (Fig. 3).
The length-frequency distribution of Arctic cod and
sand lance presented a single and usually well-defined
mode, indicating that only 1 cohort of larvae was produced in the spring of each year (Fig. 4). The limited
range of length observed over the 6 to 8 wk of sampling in each year (<6 mm) indicated that growth was
slow. For a given year, the overall proportion of yolk-
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Table 1 Boreogadus saida, Ammodytes sp. Percent composition (by number) of the diet of Arctic cod and sand lance larvae by year. The number of larvae analysed and the number
of prey found are given
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Fig. 4. Boreogadus saida. Ammodytes sp. Length frequency
distributions of Arctic cod and sand lance larvae collected in
southeastern Hudson Bay by year. The black fraction of the
histogram indicates the percentage of yolk-sac larvae. The
number of larvae measured ( n ) ,the average length. (X),
the
standard deviation ( S ) and the percentage of yolk-sac larvae
( % Y S )are given

sac larvae was always greater in sand lance than in
Arctic cod (Fig. 4). In 1989, shorter lengths and higher
yolk-sac frequencies for both species (Fig. 4b, e ) reflected the early termination of our sampling, the
longer post yolk-sac larvae normally collected in June
not being sampled in this year. Yolk-sac frequency was
unusually low in Arctic cod in 1990 (Fig. 4c).
Arctic cod and sand lance larvae preyed primarily on
copepod nauplii (Table 1). Copepod eggs, tintinids.
algal cells (diatoms and Peridinium sp.) and mollusc
larvae were consumed in small proportion. The diet of
both species tended to be more diversified in 1988 than
in 1990. Diet diversity was similar in 1989 and 1990 for
Arctic cod. In 1989, sand lance larvae were mostly
yolk-sac larvae and very few prey were found in their
gut. The termination of our sampling before a majority
of the larvae initiated feeding may explain the low diet
diversity for that species in that year, only the most frequent prey taxa being represented among the few
prey dissected (Table 1).
The body length of copepod nauplii ingested by Arctic cod and sand lance larvae ranged from 70 to 449

and 69 to 289 pm respectively. Comparing these
ranges with the reported specific body length of
known copepod nauplii indicated that genera such as
Oithona, Pseudocalanus and the smaller Oncaea (the
3 genera that numerically dominated the copepod
assemblage) contributed the bulk of the nauplii eaten
by Arctic cod and sand lance larvae (Fig. 5). In Arctic
cod, 75.9% of the nauplii ingested were smaller (or
equal) in body length than the average Oncaea similis
NVI, whereas 21.8% of them were longer than
Calanus finmarchicus NI. In sand lance, these percentages were 95.1 % and 4.9% respectively. Calanus
glacialis, the Calanus present in Hudson Bay, produces
larger eggs than its sibling species C. finmarchicus
(175 + 6 pm vs 146 + 8 pm; Hirche & Bohrer 1987) and
presumably larger nauplii. Thus, using the body length
of C. finmarchicus nauplii as a conservative minimum
estimate of the body length of C. glacialis nauplii, only
the smallest naupliar stages (NI to NIII) of the latter
could have been preyed upon by Arctic cod larvae
(Fig. 5).
Nauplii in the gut of fish larvae were conspicuously
flattened laterally and dorso-ventrally. The slope of the
regression of body width (W, in pm) on length (L) was
significantly weaker (ANCOVA, p = 0.0009) for nauplii
in the gut of Arctic cod ( W = 28 + 0.361L, r2 = 0.511, n =
1014) and sand lance larvae (W = 24 + 0.285L, r2 =
0.390, n = 143) than for nauplii collected in the plankton ( W = -10 + 0.590L, r2 = 0.827, n = 450). This lateral
compression prevented any direct comparison of width
between nauplii prey and naupli~retained by the
64 pm mesh, plankton net. Assuming that body length
was unaffected by ingestion, the actual width of nauplii prey was estimated from their length using the
width-length relationship for nauplii in the plankton
net. The comparison of the frequency distributions of
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p = 0.114) (Fig. 7a to c). Yolk-sac resorption at the level
of the population (50 % of the larvae with no more yolk)
occurred at about the same date every year. 15, 18 and
11 May in 1988, 1989, and 1990 respectively. The
exclusion of 1 outlier data point for 1990 (circled on
Fig. ?c) yields an estimate of 16 May for that year, further reducing interannual variability in the estimated
date of 50% yolk resorption. The linear regression of
yolk-sac frequency on length suggested that the physiological utilization of yolk reserves was slower in 1988
compared to 1989 and 1990 (ANCOVA, F = 84.7, p <
0.0001) (Fig. 7d to f ) . In 1990, 50% yolk resorption
occurred at a smaller length (4.7 mm) than in 1988
(5.6 mm) or 1989 (6.5 mm).
In sand lance larvae, the angular transformation of
yolk-sac frequency did not linearize the relationships
between yolk-sac frequency and date or fish length. In
1988, yolk-sac frequency declined from the onset of
our sampling and 50% resorption occurred on 5 June
(Fig. 8a). In 1989 yolk-sac frequency remained high
(>80%) until the end of sampling on 31 May (Fig. 8b).
In 1990 yolk-sac frequency did not decrease until the
end of May, and 50% resorption was predicted to
occur on 11 June (Fig. 8c). In 1988, 50% resorption
occurred at 8.7 mm and in 1990 at 8.6 mm (Fig. 8d, f).

LENGTH OF NAUPLll PREY (pm)

--

Fig. 5. Boreogadus s a ~ d a ,Ammodytes sp. Body (prosome)
width versus body length of copepod nauplii ingested by
(a) Arctic cod and (b) sand lance larvae in southeastern Hudson Bay in 1990. Honzontal llnes represent the average body
length range of the naupliar stages (NI to NVI) of Calanus finmarchicus and Pseudocalanus minutus (Ogilvie 1953), and
Oithona similis (= helgolandica, Lovegrove 1956)
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nauplii width in the plankton and in the gut of Artic
cod larvae indicated that the plankton net quantitatively retained the nauplii eaten by Arctic cod larvae
(Fig. 6a, b). Small nauplii were considerably more frequent in the gut of sand lance larvae than in the plankton net (Fig. 6a, c). The difference in the frequency distributions may reflect the selection by sand lance
larvae of the smallest nauplii available, the poor retention by the net of nauplii <64 pm, or a combination of
both. If small nauplii were poorly retained by the net,
the availability of nauplii prey to sand lance larvae
may have been underestimated.

Yolk-sac resorption and apparent growth
In Arctic cod larvae, angular-transformed yolk-sac
frequency declined linearly with time and length
(Fig. 7). The rate of decline in yolk-sac frequency with
time varied little between years (ANCOVA, F = 2.31,
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Fig. 7. Boreogadus saida. Yolk-sac frequency in Arctic cod
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by year. Only those data points representing at least 5 larvae
were considered in the analysis

Fig. 8. Ammodytes sp. Yolk-sac frequency In sand lance larvae as a function of (a to c) date and (d to f ) standard length
by year. Only those data points representing at least 5 larvae
were considered in the analysis

The average standard length of Arctic cod post yolksac larvae increased slowly but steadily with time in
1988 (0.018 mm d-l) (Fig. 9a). In 1989, the apparent
growth rate (0.019 mm d - l ) is based on only a few val-

ues of length at date (Fig. 9b). In 1990, the length of
Arctic cod post yolk-sac larvae decreased initially, and
then increased rapidly (ca 0.15 mm d-l) from late May
to mid June (Fig. 9c). In post yolk-sac sand lance lar-

Table 2. Boreogadus saida, Ammodytes sp. lnterannual comparisons (paired t-test) of feeding incidence (percentage of larvae
with prey) and mean feeding ratio (number of prey per gut) at length for Arctic cod and sand lance larvae. Larvae were classified in 0.1 mm length intervals
l

Feeding inc~dence( % )
1988-89
1989-90
1988-90

1988-89

Mean no. of prey
1989-90
1988-90

Arctic cod
Length range compared (mm)
No. of intervals compared
mean values for years compared
Mean difference between years
t-statistic
Probability of larger t

5.6-8.1
26
19/25
6
2.2
0.037

5.6-8.1
26
25/86
60
22.6
<0.001

5.6-8.5
30
23/87
64
21.5
<O 001

5.6-8.1
26
0.44/0.75
0.31
2.7
0.01 1

5.6-8 1
26
0.75/2.27
1.52
10.8
<0.001

5.6-8 5
30
0.54/2.43
1.89
13.7
<0.0001

Sand lance
Length range compared (mm)
No. of intervals compared
Mean values for years compared
Mean difference between years
t-statistic
Probability of larger t

6.4-7.9
15
10/12
2
0.5
0.623

6.3-7.9
16
11/28
17
5.1
<0.001

6.4-8.7
23
13/29

6.4-7.9
l5
0.14/0.16
0.02
0.6
0.559

6.3-7.9
16
0.15/0.38
0.23
4.6
<0.001

6.4-8.7
23
0.18/0 40
0.22
5.4
<0.001

15

5.7
<0.001
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Fig. 9. Boreogadus salda, Arnmodytes sp. Average length (t 1
standard deviation) at date of (a to c) Arctic cod and (d to f )
sand lance larvae by year Only those data points representing at least 5 larvae are plotted

vae, the average rate of increase in length in 1988
(0.025 mm d-') was one-third that of 1990 (0.077 mm
d - l ) (Fig. 9d, f). Too few data were available to characterize the apparent growth of post yolk-sac sand lance
in 1989 (Fig. 9e).

Interannual differences in feeding success
Dramatic differences were observed among years in
the feeding success of Arctic cod larvae. At a given
length, feeding incidence (percentage of larvae with at
least one prey in gut) and feeding ratio (the average
number of prey per larva) were minimum in 1988,
intermediate in 1989 and maximum in 1990 (Fig. 10).
For larvae of 5.6 to 8.5 mm, feeding incidence and
feeding ratio increased on average by about 4-fold between extreme years, from 23 % and 0.54 prey respectively in 1988 to 87 % and 2.4 prey in 1990 (Table 2). In
1989, the situation was somewhat intermediate between the failure of 1988 and the success of 1990. Relative to 1988, feeding incidence in larvae 5.6 to 8.1 mm
increased from 19 to 25% and feeding ratio from
0.44 to 0.75 prey (Table 2). The observed differences
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Fig. 10. Boreogadus salda. F e e d ~ n gincidence (percentage of
larvae with prey) and feedlng ratio (mean number of prey per
larva) of Arctic cod larvae as a function of standard length, by
year. Data grouped by length-intervals of 0.1 mm. Only those
length-intervals including at least 5 larvae a r e plotted. The
overall number of larvae (NL) a n d prey (NP) a r e given

between pairs of years were highly significant
(Table 2).
Comparable results were obtained when feeding
success was plotted against the percentage of post
yolk-sac larvae in the population (Fig. 11). Feeding
incidence when 50% of the larvae had exhausted their
yolk was 0, 30 and > 7 5 % in 1988, 1989 and 1990
respectively (Fig l l a to c). Conversely, 50% feeding
occurred when > 90, ca 70, and <40 % of the larvae had
exhausted their yolk in 1988, 1989, 1990 respectively.
Comparing these values of yolk-sac frequency at 50 %
feeding incidence with yolk-sac frequency at date
(Fig. ?a to c), indicates that 50 % feeding occurred 3 wk
after yolk-sac resorption in 1988, ca 1 wk after it in
1989, and > l wk before it in 1990. Similar interannual
differences were observed in the relationship between
the number of prey ingested and the percentage of
post yolk-sac larvae (Fig. l l d to f ) .
The feeding success of sand lance larvae was better
in 1990 than in 1988 and 1989, but interannual differences were generally less striking than in Arctic cod
(Figs. 12 & 13). Feeding success was low (Figs. 12 & 13)
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ability of larval fish prey. 'Synchronous' strategists
(sensu Sherman et al. 1984) produce larvae that start
feeding during peak abundance of copepod nauplii in
late spring. Synchronous strategists include stichaeids
and cottids in Hudson Bay (Drolet et al. 1991, Ponton
et al. 1993) and osmerids, walleye pollock Theragra
chalcogramma and flathead sole Hippoglossoides elassodon in Auke Bay, southeast Alaska (Haldorson et al.
1989, 1993). In contrast, 'early' strategists produce larvae that initiate feeding several weeks or even months
before the phytoplankton bloom and the maximum
abundance of potential prey. Early strategists include
Arctic cod and sand lance in Hudson Bay (Drolet et al.
1991, Ponton et al. 1993, this study) and Pacific sand
lance Ammodytes hexapterus and rock sole Pleuronecfes hilineatus in Auke Bay (Haldorson et al. 1989,
1993). A similar dichotomy between synchronous and
early strategists has been reported for temperate
coastal waters (e.g. Bollens et al. 1992).
Bollens et al. (1992) suggested that the early strategy
of some species in Dabob Bay (Washington, USA) is
dictated by the need to avoid predators during early
development or to synchronize metamorphosis with
SAND LANCE ( Ammodyfes sp.)

% POST YOLK-SAC LARVAE

Fig. 11. Boreogadus saida. Feeding incidence (percentage of
larvae with prey) and feeding ratio (mean number of prey per
larva) of Arctic cod larvae as a function of the percentage of
post yolk-sac larvae in the sample, by year. The overall nurnber of larvae (NL) and prey (NP) are given

and not significantly different in 1988 and 1989
(Table 2). In 1990, feeding incidence and feeding ratio
were on average about twice those of 1988 or 1989. For
example, feeding incidence and feeding ratio in sand
lance 6.4 to 8.7 mm were 13% and 0.18 prey respectively in 1988 in comparison to 29% and 0.40 prey in
1990.
Feeding incidence and feeding ratio in Arctic cod
and sand lance larvae were independent of sampling
depth and sampling hour (Fortier et al. in press).

DISCUSSION

Early and synchronous strategists in subarctic
ecosystems
A flrst assumption of the match/mismatch hypothesis

is that the spawning strategies of fish have evolved so
as to synchronize the annual production of the larvae
with maximum annual availability of their prey. In
subarctic coastal ecosystems, 2 distinct reproduction
strategies have been observed in relation to the avail-
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Fig. 12. Ammodytes sp. Feeding incidence (percentage of larvae with prey) and feeding ratio (mean number of prey per
larva) of sand lance larvae as a function of standard length, by
year. Data grouped by length-intervals of 0.1 mm. Only those
length-intervals including at least 5 larvae are plotted. The
overall number of larvae (NL) and prey (NP) are given
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SAND LANCE (Ammodyres sp.)
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Fig. 13. Ammodytes sp. Feeding incidence (percentage of larvae with prey) and feeding ratio (mean number of prey per
larva) of sand lance larvae as a function of the percentage of
post yolk-sac larvae In the sample, by year. The overall number of larvae (NL) and prey (NP) are given

peak abundance of zooplankton prey in summer. Few
potential predators of fish larvae are found in spring
under the ice cover of Hudson Bay (Ponton & Fortier
1992), in contrast with the summer months which are
characterized by swarms of medusae and other gelatinous plankton (D. Ponton pers. obs.). Thus, avoidance
of soft-bodied zooplankton, which are among the most
important predators of fish larvae (e.g. Purcell 1990),
could be the constraint driving Arctic cod and sand
lance to spawn early. Drolet et al. (1991) noted that
early species in Hudson Bay produced smaller larvae
with poorer foraging abilities than synchronous species. Hatching early may allow the small larvae of early
strategists to maxlmize growth before the incoming
winter.
Bollens et al. (1992) argued that the delay between
the reproduction of early species and peak reproduction of copepods in summer is evidence that a match or
mismatch of the early larvae with their prey is of secondary importance in determining the spawning strategy of these species. Others have noted as well that
compliance to higher order constraints (e.g. avoiding
predation on the small larvae, insuring optimal feeding
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conditions at metamorphosis, or preserving the cohesion of the larval population) may force the production
of larvae, in some species, to occur wlthin periods or
regions where poor feeding conditions prevail (Iles &
Sinclair 1982, Sinclair & Tremblay 1984, Economou
1987, Sinclair 1988, Fortier & Gagne 1990). Yet, precisely because of this incldental selection of unfavourable initial feeding conditions in response to
higher constraints, it can be expected that interannual
variations in prey availab~lityto post yolk-sac larvae
will play an important role in the determination of year
class strength in these species (Fortier & Gagne 1990).
Contrary to Bollens et al. (1992), we believe that the
larvae of early strategists (rather than the metamorphosing fish) should be particularly vulnerable to a
mismatch with their scarce -and therefore potentially limiting - prey. This view is consistent with the
results of a recent simulation of the growth and death
of haddock larvae (Melanoyrammus aeglefinus), in
which recruitment to metan~orphosis depended
strongly on a match with prey during the larval period
(Cushing & Horwood 1994).

Potential for a mismatch between fish larvae and
their prey in subarctic regions
A second and central assumption of the match/mismatch hypothesis is that the production of fish larvae
(whether early or synchronous) is seasonally fixed while
the timing and intensity of prey production may vary
substantially between years. In the present study, the
timing of yolk-sac resorption in Arctic cod and sand
lance varied by less than 1 wk between years. The
abundance of copepod nauplii (the primary prey) under
the ice cover varied widely both in magnitude (7-fold)
and in timing (4 to 6 wk). In the Norwegian Sea, the date
of 50 % spawning in Atlantic cod Gadus morhua ranged
from 28 March to 4 April over 1976 to 1986, whlle the
timing of the production of Calanus finmarchicus nauplii, the main prey of the larvae, varied by up to 6 wk
(Ellertsen et al. 1989).Paul et al. (1991)reported considerable interannual variation in the availability of copepod nauplii in the size range 150 to 350 pm from 1986 to
1989 in Auke Bay (SE Alaska, USA), while the different
species of fish larvae in the bay tended to occur at the
same time every year (Haldorson et al. 1989, 1993).Consistent with this second assumption of the match/mismatch hypothesis, the timing of larval fish production
appears remarkably constant from year to year in subarctic coastal ecosystems, whereas significant variations
in the timing and level of prey availability are observed.
Thus, the potential exists at these latitudes for interannual variations in the degree of coincidence between
fish larvae and their food.
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Which of the early and synchronous strategies
makes the larvae of subarctic fish potentially more vulnerable to a mismatch with their prey is debated. In
southeastern Hudson Bay, Drolet et al. (1991) observed
that feeding conditions under the ice cover were poor
in 1988 and that the physiological condition of early
species deteriorated substantially after yolk resorption.
There was no evidence of emaciation in the post yolksac larvae of synchronous species that hatched during
peak abundance of prey after the ice break-up. Drolet
et al. (1991) concluded that the small larvae of early
species should be more vulnerable to a potential mismatch than the large larvae of synchronous species.
The results of the present study confirm that the feeding of 'early' larvae under the ice cover of Hudson Bay
may be severely limited in some years and much less
so in others.
Haldorson et al. (1993) pointed out that, because
they experience higher temperatures (which mean
higher metabolic costs) and higher predator abundances, the larvae of synchronous species may nevertheless be sensitive to a mismatch with their relatively
abundant prey. In the Norwegian Sea, temperaturemediated variations in the timing of the reproduction
of Calanus finmarchicus led to a mismatch between
Atlantic cod larvae and their nauplii prey in extreme
cold and warm years and a match in years with normal
temperatures (Ellertsen et al. 1989). The dependence
of recruitment on environmental temperature supports
the hypothesis that a temperature-mediated match/
mismatch mechanism determines, at least in part, the
strength of year classes in synchronous Atlantic cod
(Ellertsen et al. 1989). Yet, Paul et al. (1991) and
McGurk et al. (1993) concluded that synchronous
strategists were unlikely to be vulnerable to a mismatch between larvae and prey, because they often
produce several distinct cohorts of larvae. These
authors concluded that, in any year, at least one of
these cohorts will encounter nauplii concentrations
high enough to guarantee survival in Auke Bay. This is
supported by recent studies of the hatching date frequency distribution of synchronous species linking differences in the survival of distinct cohorts to the availability of prey organisms at the time of hatching
(Nakatani 1991, Fossum & Moksness 1993).Thus, multiple spawning may reduce the risk that a given year
class be virtually eradicated by a mismatch between
larvae and prey. Yet, the strength of a year class is
made up of the sum of the survivals of all cohorts (den
Boer 1968, Fortier & Leggett 1985). If, in a given year,
several cohorts encounter suitable feeding and growth
conditions, the year class may be expected to be
stronger on average than if only 1 cohort experiences
high survival (according to the match/mismatch
hypothesis). Thus, the possibility remains that year

class strength will be affected by a match/mismatch
mechanism even in synchronous species that have
evolved multiple spawning (the bet-hedging strategy;
Lambert 1984, Lambert & Ware 1984) or the production of relatively large larvae at hatching (Haldorson et
al. 1989, Drolet et al. 1991) to attenuate the potential
impact of poor feeding conditions in the plankton.

Subarctic microalgal blooms and the availability of
larval fish prey
A third (and somewhat peripheral) assumption of the
match/mismatch hypothesis is that interannual variations in the production of larval fish prey are rooted in
variations in the timing of the spring (or autumn) algal
bloom. Our results do not support this assumption for
southeastern Hudson Bay in spring. Interannual variations in the density of copepod nauplii under the ice
cover appeared unrelated to variations in the bloom of
either ice-algae or phytoplankton. The abundance of
nauplii (mostly cyclopoid nauplii based on the prosome
width frequency distribution) depended essentially on
the number of females of small copepods (such as
Oithona similis and Oncaea borealis). Likewise, Paul et
al. (1990) showed that the abundance of females rather
than the availability of algal biomass explained interannual differences in the production of Pseudocalanus
spp. n a u p h , the main prey of first-feeding fish larvae
in Auke Bay. The conditions governing the number of
female copepods under the ice of Hudson Bay are
poorly understood but we suspect that the production
of copepodites in the previous summer and fall, and
their survival in winter are important factors.
For southeastern Hudson Bay, Runge et al. (1991)
proposed that the grazing of ice algae released from
the ice-water interface in April and May accelerates
oogenesis and allows female Calanus glacialis (and
perhaps female Pseudocalanus spp.) to reach maximum egg production at the time of the phytoplankton
bloom which follows the break-up of the ice cover in
early June. Assuming that yolk resorption took place in
early June, these authors hypothesized that the onset
of first feeding in Arctic cod and sand lance larvae was
synchronized with this increased production of C.
glacialis and Pseudocalanus spp. nauplii in June.
Although admittedly based on a single year of observation (1986), this led Runge et al. (1991) to hypothesize a strong coupling (sensu Runge 1988) between ice
algal production and the first feeding of Arctic cod and
sand lance larvae. Drolet et al. (1991) confirmed that,
in 1988, intense feeding by Arctic cod and sand lance
larvae did not begin until the increase in the abundance of copepod nauplii in June. Yet, our results for
1990 clearly indicate that sufficient numbers of nauplii
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to ensure high feeding incidence (> 80 % in Arctic cod)
can be produced several weeks before the ice breakup in some years. Based on the size of the nauplii
eaten, Arctic cod and sand lance larvae fed primarily
on the nauplii of small copepods such as the numerically dominant Oithona simills and Oncaea borealis.
We suggest that the early production of Arctic cod and
sand lance larvae in Hudson Bay is a strategy to synchronize first feeding with this potential (but not
always realized) early production of small cyclopoid
nauplii, rather than with the phytoplankton bloom and
the increased production of calanoid nauplii that follows the ice break-up.
As mentioned above, interannual differences in the
timing and abundance of cyclopoid nauplii under the
ice were not linked to the timing or intensity of the ice
algal bloom. Thus, contrary to Runge et al. (1991),we
conclude that, at least in the area of coastal southeastern Hudson Bay influenced by river runoff, the coupling between ice algal blooms and the first feeding of
larval Arctic cod and sand lance is weak (sensu Runge
1988). Interestingly, this is consistent with the prediction that this coupling should be weak when mediated
by small copepods such as Oithona, Oncaea and
Pseudocalanus, the reproduction of which is less sensitive to the availability of microalgal biomass than to
other factors such as population structure and predation (Runge 1988). Whether such a weak coupling prevails farther offshore in Hudson Bay, where the detrimental effect of river inputs on ice algal biomass (e.g.
Legendre et al. 1992) is presumably less, remains to be
ascertained. Also, given the clear link between ice
algae and the later reproduction of calanoid copepods
at or after the ice break-up (Runge et al. 1991), this
coupling may be stronger in the case of synchronous
fish species, which occur a t or after the ice break-up,
than in the case of early species such as Arctic cod and
sand lance.

Interannual variations in larval fish feeding rates
and growth
A first prediction of the match/mismatch hypothesis
is that, in years of mismatch, prey availability will limit
the feeding success of the planktonic larval stages. The
ultimate test of this prediction requires that both prey
availability and the feeding success of the larvae (feeding incidence or feeding ratio at length) be measured
and compared on an interannual basis. While some
attention has been given to interannual variations in
prey density in subarctic environments (see above),
surprisingly few studies have looked at interannual
variations in the actual feeding success of the young
fish at these and other latitudes. For example, claims
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that the larvae of synchronous species are never food
limited because they occur during maximum availability of their prey (e.g. Paul e t al. 1991, McGurk et al.
1993) have not been substantiated by gut content
analyses. In temperate waters, higher survival and
robustness of Atlantic herring larvae Clupea harengus
on Georges Bank-Nantucket Shoals in 1976 relative to
1974 and 1975 was attributed to higher feeding incidence (Cohen & Lough 1983). Year class strength of
American shad Alosa sapidissima was directly related
to larval feeding success which, in turn, was proportional to zooplankton density in the Connecticut River,
NE USA (Crecco & Savoy 1984). Off the coast of Oregon, USA, higher frequency of empty guts in English
sole larvae Parophrys vetulus in 197 1 (30 to 100 %) relative to 1973 (10 to 60%) was due to a mismatch in
1971 between the larvae and appendicularians, their
main prey (Gadomski & Boehlert 1984). In Storm Bay
(eastern Tasmania), the average feeding ratio of larval
jack mackerel Trachurus declivis was nearly 6 times
higher in 1988 (7.17 prey per gut) than in 1989 (1.25),
but it was not possible to relate the difference to prey
availability because the 500 pm mesh used did not
retain the prey of the larvae (Young & Davis 1992).
Spatially, the feeding ratio a t length of small (5.1 to
5.9 mm) walleye pollock larvae in Shelikof Strait (Gulf
of Alaska) was higher inside a patch of larvae in which
higher densities of nauplii were found relative to surrounding waters (Canino et al. 1991).
In the present study, the interannual con~parisonof
larval production in relation to prey availability indicates that 1988 and seemingly 1986 (based on the
data presented by Runge et al. 1991) were years of
mismatch between the immutable production of Arctic cod and sand lance larvae in mid May and the
delayed and low availability of their nauplii prey in
these 2 years. Results for 1990 clearly indicate that, in
some years, the early availability of suitable numbers
of copepod nauplii can ensure a match between the
production of the larvae and that of their prey under
the ice cover of Hudson Bay. For both species, the
match of 1990 resulted in a remarkable improvement
of feeding success relative to the mismatch of 1988.
Feeding incidence and feeding ratio increased by
about 4-fold in Arctic cod larvae 5.6 to 8.5 mm and by
over 2-fold in sand lance 6.4 to 8.7 mm. At the level of
the population, 50% feeding in Arctic cod started
3 wk after yolk-sac resorption in 1988, but at least
1 wk before in 1990. Thus, feeding started not only
1 mo earlier in 1990 than in 1988, but also at a n earlier developmental stage. The situation in 1989 was
somewhat closer to the mismatch of 1988 than to the
match of 1990: the feeding success of Arctic cod larvae was significantly improved relative to 1988 but
not that of sand lance.
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Fortier et al. (in press) evidenced a close link, via the
timing of the spring freshet, between climate and interannual variations in the feeding success of Arctic cod
and sand lance larvae. This climatic forcing implies
that the interannual variations in feeding conditions
reported here prevail at least over the area of ice-covered Hudson Bay influenced by river plumes in spring,
i.e. over most of the coastal zone (e.g. CSSA Consultants Ltee 1992). The overall impact, on the early survival of each species, of interannual variations in feeding conditions linked to variations in the timing of the
freshet will depend on the fraction of the larval dispersal area that is affected by river plumes (Fortier et al. in
press). The inshore-offshore extent of the larval distribution of Arctic cod and sand lance under the ice cover
of Hudson Bay is unknown, and whether the fraction of
the larval dispersion area that is affected by river
plumes is significant or not remains to be assessed.
A second prediction of the match/mismatch hypothesis is that growth will be reduced in years of mismatch. Although temperature is often the main determinant of larval fish growth (see Houde 1989 for a
review), several field studies have linked spatial
(Buckley & Lough 1987, Karakiri et al. 1989, Suthers et
al. 1989), seasonal (Crecco & Savoy 1985, Hovenkamp
1990) and interannual (Haldorson et al. 1989, Karakiri
et al. 1989) variations in growth to prey density. Other
studies found no link between interannual variations
in growth rate and prey abundance (Butler 1989,
McGurk et al. 1992).
Field studies linking interannual variations in growth
to differences in the actual feeding success of the larvae
are scant. Around Rockall Bank (west of Scotland), the
gut content of blue whiting larvae Micromesistius
poufassou of all sizes in the interval 3 to 4 2 mm was
heavier in 1968 than in 1967 and this may have led to
higher growth rates in 1968 (Conway 1980). Recent
studies in Shelikof Strait (Gulf of Alaska) clearly link interannual variations in the growth of walleye pollock
larvae Theragra chalcogramma to feeding success as
measured by feeding ratio at length (Bailey et al. 1995).
Spatially, differences in the individual growth rate of
larval southern bluefin tuna Thunnus maccoyii in the
East Indian Ocean were positively correlated to feeding
rate (Jenkins et al. 1991). In the present study, actual
growth based on age determination is not available but
estimates of apparent growth (from length at date of the
post yolk-sac larvae) are generally consistent with the
prediction that growth rates should be higher in years of
match than in years of mismatch. The increase in length
of sand lance post yolk-sac larvae was steeper in 1990
(match year) than in 1988 (mismatch year). In Arctic cod,
the length of post yolk-sac larvae remained constant initially in 1990, but then increased at a much faster rate
than in 1988 or 1989.

A third prediction of the match/mismatch hypothesis
is that feeding success and early growth determine
year class strength. Crecco & Savoy's study (1984)linking year class strength of American shad to larval feeding success in the Connecticut River represents perhaps the best attempt so far at testing this central
prediction of fisheries research. Ellertsen et al. (1989)
have measured neither larval feeding success nor
growth but have nevertheless established a convincing
link between a match/mismatch mechanism and year
class strength in Atlantic cod in the Norwegian Sea. In
the present study, whether the improved feeding success and growth of Arctic cod and sand lance larvae
led to a stronger year class in 1990 than in 1988 or 1989
will never be known since there are no commercial
fisheries for the 2 species in Hudson Bay and, therefore, no estimate of recruitment.

The match/mismatch hypothesis
The match/mismatch hypothesis 'is perhaps still considered the extant hypothesis accounting for the control of population numbers of marine fish' (Sinclair
1988, p. 24). In recent reviews, the results of the very
same studies have been interpreted as either non-supportive (Sinclair 1988) or supportive (Cushing 1990) of
the hypothesis. This paradox may reflect the difficulty
of designing studies that actually verify its assumptions
and predictions. By its very nature, the match/mismatch hypothesis is difficult to test (Cushing 1990).
In the present study we evaluated some of the
assumptions and predictions of the match/mismatch
hypothesis for the larvae of early strategists in a subarctic sea. While some peripheral postulates of the
hypothesis appeared unjustified for the environment
under study, the central assumptions and predictions
proved relatively resistant to our tests. Contrary to the
first assumption of the match/mismatch, early strategists such as Arctic cod and sand lance in Hudson Bay
hatch several weeks before the maximum availability
of their prey. If anything, this lack of synchronism
makes the larvae of early strategists even more vulnerable to a mismatch, because of the low abundance of
copepod nauplii under the ice and the inferior feeding
conditions that generally prevail before the massive
reproduction of calanoid copepods in summer. The
assumption of an annually fixed production of larvae
and a variable production of prey was supported. Yet
no link was found between the timing or level of prey
availability and the timing of microalgal production.
Although the long-term yield in fish of an oceanographic system clearly depends on its primary productivity (Iverson 1990), our results suggest that, on an
annual basis, fluctuations in the feeding success and
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survival of fish larvae in subarctic Hudson Bay a r e not
necessarily strongly linked to fluctuations in the
annual cycle of primary production. A lack of universal
dependence of copepod reproduction on algal blooms
may remove some of the elegance of the match/mismatch hypothesis (Sinclair & Tremblay 1984, Sinclair
1988) but, in our opinion, little of its heuristic value in
understanding recruitment variability in fish.
The prediction of reduced feeding success and
growth in years of mismatch was supported by our
results. However, in addition to prey density, other factors not considered by the match/mismatch hypothesis,
such as light (Gilbert et al. 1992, Ponton & Fortier 1992,
Fortier et al. in press), turbulence (Sundby & Fossum
1990) or competence of larvae (McGurk e t al. 1993),
may contribute to determine feeding success in fish
larvae. Thus, feeding incidence and feeding ratio will
always b e preferable to prey density a s indices of the
actual energy intake by the larvae. Despite the central
role of feeding success in the present paradigm on
recruitment determination, surprisingly few studies
have tried to relate year class strength to feeding incidence, feeding ratios a n d growth rates during the early
planktonic life of fish. Although costly and time-consuming, analyses of gut content and otoliths enable us
to assess feeding success and growth with some precision. If larval feeding success a n d growth are indeed
the determinants of recruitment, these a r e the proximal indices (rather than prey density and larval numbers) that need to be correlated with year class
strength in order to verify or falsify current hypotheses
on the role of energetics in recruitment determination.
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