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Abstract

Clytia spp. hydroids (Phylum Cnidaria), typically attached to a substrate during their asexual, polyp stage,
have been found in signi"cant numbers within the mesozooplankton on Georges Bank, North Atlantic
Ocean. We examined unpublished historical records of the 1939}1941 cruises of the R/V Atlantis and
obtained samples at four-study sites on Georges Bank in June/July 1995 in an attempt to (1) quantify the
planktonic and benthic distributions of hydroids on Georges Bank, and (2) determine the coupling between
benthic and pelagic habitats of this population. We found that planktonic hydroids have a patchy
distribution, varying both spatially and temporally (most abundant in summer months, absent in winter). In
1939}1941 the planktonic hydroids were most broadly distributed following a spring (1940) with strong wind
events; hydroids were absent from all samples in 1941. In 1995 we found the highest abundance of planktonic
Clytia spp. hydroids (6213.5$1343.6 hydranths m~3) in the central crest of the bank, `downstreama in the
Georges Bank circulation pattern from sites along the northeast peak of the Bank where large populations of
benthic Clytia spp. hydroids were found (up to 6465 hydranths m~2). Our plankton sampling did not show
signi"cant numbers of hydroids in the water column at the Northeast peak sites, indicating that large
numbers of planktonic hydroids are not being introduced into the Bank's circulation patterns from o!-Bank
sites to the northeast (e.g. Scotian shelf). The source population for planktonic hydroids found in the central
region of the Bank is most likely the benthic habitats on the northeast peak of the Bank. We hypothesize, and
our limited data suggest, that hydroids are detached from the benthos by storm action or other disturbance,
advected clockwise with the mean residual circulation, and concentrated and retained in the central,
low-advective region of the Bank. ( 2000 Elsevier Science Ltd. All rights reserved.
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1. Introduction

Georges Bank is a large, shallow submarine plateau located east of Cape Cod, Massachusetts,
along the southeast side of the Gulf of Maine, lying between 403N and 423N latitude and 663W and
693W longitude. The Bank measures approximately 241km long by 160 km wide. Depth varies
between 200m at the edge of the bank to 5 m on Georges Shoal in the northwest section, with the
majority of the Bank having a depth ranging between 40 and 100m. Georges Bank has long been
important economically to the New England and Canadian "sheries due to its high level of
productivity.

Research conducted under the Global Ocean Ecosystem Dynamics (GLOBEC) research project
studying key animal species and physical processes on Georges Bank (US GLOBEC, 1992) found
large numbers of suspended hydroid polyps (Clytia spp., including Clytia gracilis and Clytia
cylindrica) in the water column (Madin et al., 1996). Although there are a few genera of holoplank-
tonic hydroids (Velella, Porpita, Margelopsis) (Boero, 1984), the asexual polyps of Clytia spp. are
typically found attached to substrates (Fraser, 1944). However, the suspended Clytia spp. found on
Georges Bank appear to be healthy, generating both asexual feeding polyps and sexual gonangia
polyps, and functioning well as a planktonic predator.

Hydranth density on Georges Bank has been measured as high as 2.5]104hydranthsm~3.
Feeding experiments performed with planktonic Clytia spp. indicate that with a density of
10,000hydranthsm~3 , planktonic hydroid consumption rates are close to the daily hatching rate
of copepod nauplii (Madin et al., 1996). Larval cod (Gadus morhua) feed primarily on copepods
(Bainbridge and McKay, 1968; Last, 1978) and an abundant supply is necessary for larval cod
growth (Meeren and Naess, 1993), suggesting that larval cod and hydroids are likely competing for
the same food. Norrbin et al. (1996) reported an inverse relationship between the abundance of
hydroids and copepod nauplii on Georges Bank and suggested that the reduced naupliar abund-
ance may be due directly to a high concentration of hydroids in the water column. Feeding
experiments with larval cod and planktonic hydroids also showed that the hydroids were able to
consume larval "sh (Madin et al., 1996; Klein-MacPhee et al., 1997). Undoubtedly the planktonic
hydroids will feed on other prey in addition to copepod nauplii and larval "shes, and thus are an
important predator in the dynamics of the Georges Bank ecosystem.

Planktonic Clytia spp. hydroids were reported on Georges Bank as early as 1913 (Fraser, 1915) and
more recently by Madin et al. (1996, 1997), Norrbin et al. (1996) and Sullivan et al. (1997). Clytia spp.
also have been described in the planktonic community of the Atlantic Ocean o! western Africa. In
that location, hydroids, described as Clytia hemisphaerica, often had basal discs containing a sand
grain, indicating a recent benthic origin (Cornelius, 1982, and references therein). However, the
pelagic hydroids of Georges Bank were described as not exhibiting evidence of recent benthic
attachment. These colonies often had multiple hydranths (d of feeding polyps'5) and were
spherical in shape, suggesting an extended life span in the pelagic state (Fraser, 1915; Madin et al.,
1996; Norrbin et al., 1996; Sullivan et al., 1997). Although various aspects of the pelagic ecology of
Clytia gracilis on Georges Bank have been studied recently, including feeding and growth (Madin
et al., 1996; Bollens et al., 2001a), sinking (Sullivan et al., 1997) and predation by "sh (Avent
et al., 2001), no attempt has yet been made to study the benthic/pelagic coupling of this population.

In order to determine historical presence of planktonic hydroids on Georges Bank, we examined
unpublished records of the cruises of the R/V Atlantis from 1939 to 1941. To study the more recent
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Fig. 1. A stylized representation of the mean-residual circulation on Georges Bank redrawn from Bigelow (1927), with
supporting data from Butman et al. (1987) and Limeburner and Beardsley (1996). Study sites from the 1995 cruise are
identi"ed.

distribution and abundance patterns of planktonic and benthic hydroids, we sampled four sites on
Georges Bank in June/July 1995 during cruise EN268 of the R/V Endeavor. We included sites
`upstreama in the circulation pattern of the Bank from locations where planktonic hydroids are
known to occur (Bank crest) in hopes of "nding the benthic source population. The circulation
pattern of Georges Bank (Fig. 1), as described by Bigelow (1927), Butman et al. (1987) and
Limeburner and Beardsley (1996), is a clockwise circulation pattern with a relatively low-advective
region in the central, shallower area of Georges Bank. We wanted to test the hypothesis that
a benthic source population exists on or close to Georges Bank in such a location that as hydroid
colonies become detached from the bottom substrate due to storm action or other disturbance,
they enter the circulation pattern and are at least partially retained on Georges Bank.

2. Materials and methods

2.1. Historical data, 1939}1941

Zooplankton samples were collected on Georges Bank during 1939}1941 from the R/V Atlantis.
Details of the sampling protocol are given in Clarke et al. (1943), and results for the major
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taxonomic groups are presented and discussed in Bollens et al. (2001b). Brie#y, samples were
collected with a #ow-metered Clarke-Bumpus plankton sampler (Clarke and Bumpus, 1940) with
12.7 cm diameter mouth opening and &250 mm mesh netting. Samples were collected from
near-bottom to the surface at 21}52 stations on each of 11 cruises between September 1939 and
June 1941. All samples were analyzed for species composition but, in the case of hydroids, only
`presencea or `absencea of `hydroid materiala was noted. The data sheets from these cruises were
only recently discovered in the Woods Hole Oceanographic Institution archives and have since
been entered into computer "les. The samples apparently were discarded some years ago. Although
nearly a half-century old, these hydroid data have never before been published.

Contemporary wind data from Nantucket airport were collected and analyzed as described in
Bollens et al. (2001b). For the present analysis, three measures of storminess were computed for
the 30 days preceding the May 1940 and May 1941 cruises of R/V Atlantis: (1) average daily wind
speed (m s~1), (2) maximum daily wind speed (m s~1), and (3) number of `storma events (daily
wind speed greater than 9 m~1).

2.2. 1995 Sample sites

We obtained samples at four sites on Georges Bank between June 29 and July 5, 1995. The
choice of study sites on Georges Bank was based on two criteria: (1) the presence or absence of
temperature strati"cation within the water column; and (2) bottom composition. The Southern
#ank site, characterized by water column temperature strati"cation throughout the year, was
located on the Bank's southern #ank at 41303.9@N, 67303.9@W (depth"73.4m). The Crest site
lacked a strati"ed water column and was located on the crest of the Bank at 41316.5@N, 67316.7@W
(depth"53.5m). This site was strongly in#uenced by tidal currents and surface winds that allowed
for complete mixing within the water column and was near locations where earlier studies found
planktonic hydroid colonies to be very abundant (Madin et al., 1996; Sullivan et al., 1997). The
remaining two study sites, the Northeast peak sites, were chosen due to bottom composition and
their location upstream in the Georges Bank circulation pattern from the Crest and Southern #ank
sites. Geological maps (Valentine et al., 1993) indicated the Northeast peak sites had a cobble
bottom, a likely substrate for attached benthic source populations for the suspended hydroid
colonies found downstream on the Bank. Northeast peak 1 site was located at 41353.1@N, 66347.4@W
(depth"65 m), and Northeast peak 2 site at 41359.9@N, 67315.2@W (depth"50.1m).

2.3. 1.0 m2 MOCNESS samples

A 1.0m2 multiple opening and closing net and environmental sensing system (MOCNESS)
(Wiebe et al., 1985) was used to sample the water column at each site in multiple 5}10m strata from
the surface to within 10}15m above the bottom. Multiple tows were made at each site except the
Northeast peak 1 site where adverse weather conditions limited us to a single tow. At the Southern
#ank and Crest sites, the samples were equally partitioned between day and night. All samples were
preserved with 5% formalin for examination ashore in the laboratory.

Samples were sorted to remove all organisms greater than 1 cm in length and subsampled using
a Folsom Plankton Splitter to provide approximately 200 hydroid colonies. Number of individual
hydranths and gonangia per unit volume of sample were counted using a dissecting microscope.
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When samples were too concentrated to split, they were diluted with "ltered (20lm) seawater and
stirred vigorously while subsampling with a Stempel pipette.

2.4. Video transects

We made video transects at each of the four study sites using a Phantom S2 Remote Operated
Vehicle (ROV) equipped with a Sony Hi-8 video camera. We used methods described by Auster
et al. (1989) for video transect data collection and data analysis. A weight was attached to the
ROV's tether 50m from the ROV, and each video transect followed a course heading from the
weight 50m out to the end of the tether. Multiple transects, oriented 903 from each other, were done
with two "elds of view, wide angle (0.39m2 per screen) and high magni"cation (0.0275m2). Two
wide-angle transects and two high-magni"cation transects were made at each of the Southern #ank
and Crest sites. Due to strong current conditions, only one wide-angle and one high-magni"cation
transect were possible at each of the Northeast peak sites.

A non-overlapping screen-by-screen count was made of all visible organisms for each transect.
The observed area of each screen was then multiplied by the total number of non-overlapping
screens in each transect to obtain a total area surveyed. The video transects also were used to assess
the bottom substrate composition.

2.5. Water column suction samples

The ROV also enabled us to sample water near the bottom, a region we could not sample with
the MOCNESS. Using the ROV's suction sampler, we collected near-bottom planktonic samples
at 1 and 3 m o! bottom, with the samples being equally distributed between day and night.

Each suction sample pumped 1892.5 l of seawater through a 333lm mesh "lter during ten
minutes. Upon the ROV's return to the surface, the "lters were removed and the organisms
preserved in 5% formalin-"ltered seawater solution. In the laboratory, the preserved samples
were "ltered with a 300lm mesh "lter and the hydroid colonies were separated and counted, as
were other zooplankton.

2.6. Van Veen Grab samples

Twelve bottom samples were taken with a Van Veen sampler lowered from the deck of the ship.
The sample area of each grab was 0.043m2. After each deployment, the sampler was retrieved to
the surface, the contents rinsed from the sampler and preserved with 5% formalin-"ltered seawater
solution and returned to shore for examination in the laboratory.

Each sample was "ltered with a 300 lm mesh "lter, and the hydroid colonies were counted. All
non-sand substrate was removed and examined for attached hydroid colonies. The sand substrate
was divided into subsamples of 0.4 l and examined for hydroids as follows: each subsample was
spread into an examination tray where "ltered water was slowly added until it covered the
substrate to a depth of approximately 2 cm. The tray was then gently agitated to allow hydroid
colonies to #oat out of the sand. The water was then "ltered with a 300 lm mesh "lter, and all
hydroid colonies were counted. This procedure was repeated twice for each 0.4 l subsample and
e!ectively removed all hydroids from the sample.
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3. Results

3.1. Historical data, 1939}1941

In our examination of the presence/absence data from 1939 to 1941, planktonic hydroids were
patchily distributed in both time and space on Georges Bank (Fig. 2), with seasonal and inter-
annual di!erences being particularly striking. Planktonic hydroids were absent from September
1939 through March 1940. They "rst appeared in April 1940, although at only one shallow station.
By May 1940 they were much more broadly distributed (19 stations), and remained so through late
June, although they were almost entirely con"ned to inside the 100m isobath. Hydroids were
completely absent during the four sampling periods between March and June, 1941.

Wind patterns for the spring of 1940 and the spring of 1941 di!ered greatly. In the 30 days
preceding May 1940, the average daily wind speed was 5.6m s~1, while for the same time period in
1941 the average daily wind speed was 3.4m s~1. Likewise, the maximum daily wind speed for the
thirty days preceding May 1940 exceeded that for the same time period in 1941 (11.7m s~1 in 1940;
6.4m s~1 in 1941). The number of `storma events, measured as daily wind speed greater than
9m s~1, was higher in the 30 days preceding May 1940 (3 events) than the same time period in 1941
(0 events).

3.2. 1.0 m2 MOCNESS samples

Our 1.0m2 MOCNESS samples showed highest abundance of planktonic hydroids close to the
bottom at all sites (Fig. 3). At the Crest site, however, this pattern was not as pronounced
(842hydranthsm~3 at 5 m, increasing to 2783 hydranthsm~3 at 40m) and hydroids were found in
abundance higher than 1000m~3 throughout most of the water column. A higher concentration of
planktonic Clytia spp. was found at the Northeast peak 1 site (226 hydranthsm~3 at 55m) than at
the Northeast peak 2 site (22.8 hydranthsm~3 at 40m). Hydroids were also found in low abund-
ance at the Southern #ank site (94.6 hydranthsm~3 at 60m) (Fig. 3).

3.3. Video transects

As shown in Table 1, the community composition varied signi"cantly between the four sites. The
Crest site had a sandy bottom with sand ridges measuring 1}5m in height. The Southern #ank site
also had a sandy bottom, but lacked the ridges and was level with a thin (approx. 1 cm) layer of
algal detritus on top of the sand. Both Northeast peak sites had a relatively level bottom of cobble
and gravel lying over sand (Table 1). Sand dollars were the dominant benthic organism visible at
the Crest site (67.2% of organisms seen in wide-angle frames and 91.8% of organisms seen in
high-magni"cation frames), while sea anemones were less abundant (31.5% of organisms seen in
wide angle frames and 7.7% of organisms seen in high-magni"cation frames). Sea anemones were
dominant at the Southern #ank site (68.8% of organisms seen in wide-angle frames and 73% of
organisms seen in high-magni"cation frames), with a low abundance of sand dollars (2.2% of
organisms seen in wide-angle frames and 1.8% of organisms seen in high-magni"cation frames).
The cobble bottom at both Northeast peak sites provided attachment sites for colonies of the
hydroid Obelia and they formed the dominant group at both sites (Northeast peak 1 site: 52% of
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Fig. 2. Presence ("lled circles) and absence (open circles) of planktonic `hydroid materiala during 11 cruises of the R/V
Atlantis from September, 1939}June, 1941. Solid line is the 100m isobath.
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Fig. 3. Vertical distribution of planktonic hydroids (hydranthsm~3) obtained with a 1.0m2 MOCNESS at each of four
sites. Each horizontal bar is the mean ($ standard error) of two samples except for the Northeast peak 1 site where only
a single tow was made.

organisms seen in wide-angle frames and 77% of organisms seen in high-magni"cation frames;
Northeast peak 2 site: 68.4% of organisms seen in wide angle frames and 77% of organisms seen in
high-magni"cation frames).

3.4. Water column suction samples

The water column suction samples taken with the ROV showed that planktonic Clytia spp.
hydroids were signi"cantly ( p"0.002) more abundant at the Crest site (6213.5$1343.6
hydranthsm~3) than any of the other study sites (Southern #ank"110.5$21.9 hydranthsm~3;
Northeast peak 1"476.6$129.3hydranthsm~3; and Northeast peak 2"39.6$5.6
hydranthsm~3) (Fig. 4). Hydroids were the dominant group (hydranths"86.9% of the total
mesozooplankton) at the Crest site, compared to 15.2% at the Southern #ank site, 7.6% at the
Northeast peak 2 site and 61.4% at the Northeast peak 1 site (Table 2).

3.5. Van Veen Grab samples

The Van Veen grab samples showed the highest abundance of Clytia spp. hydroids attached to
substrate at the Northeast peak sites (Northeast peak 1"6465 hydranthsm~2; Northeast peak
2"2465 hydranthsm~2) (Fig. 4). Grab samples from the Crest site also showed relatively high
abundance of hydroids (4692$2142 hydranthsm~2); however, only one hydroid colony at the
Crest site was found actually attached to a sand grain. The majority of colonies found in the grab
samples at the Crest site did not have broken stolons and had 3}4 feeding polyps per colony
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Fig. 4. Distribution of hydroids at four study sites on Georges Bank obtained with: (1) a ROV suction samples (plankton)
(hydranthsm~3; n"32) and (2) a Van Veen Grab (benthos) (hydranthsm~2; n"12). The hatched bar represents the
abundances of near-bottom planktonic hydroids: Northeast peak 1 site, 6465 hydranthsm~2; Northeast peak 2 site,
2465 hydranthsm~2; Southern #ank site, 357$109 hydranthsm~2; Crest site, 4692$2142 hydranthsm~2. The solid
bar represents benthic hydroids with abundances of: Northeast peak 1 site, 476.6$129.3 hydranthsm~3; Northeast peak
2 site, 39.6$5.6 hydranthsm~3; Southern #ank site, 110.5$21.9 hydranthsm~3; Crest site, 6213.5$1343.6
hydranthsm~3.

(mean"3.84), consistent with the appearance of planktonic colonies suspended near, or settled
onto, the bottom, rather than attached benthic colonies. There were far fewer benthic Clytia spp.
colonies found at the Southern #ank site (357$109 hydranthsm~2) than the other three sites and
these were primarily found attached to shells or other hard substrates.

4. Discussion

It is clear from the 1939 to 1941 data that planktonic hydroid distribution on Georges Bank is
patchy in both time and space, with higher concentrations in the well mixed, central area and
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Table 2
Composition (% of total zooplankton numbers) of the near-bottom (1}3m) plankton community as determined by ROV
pump samples (n"8 at each site). Percentages are shown in number of organisms

STUDY SITE PLANKTONIC COMMUNITY COMPOSITION

Hydranths Chaetognaths Copepods Other Crustacea Other

Crest 86.9% 1.7% 6.6% 4.0% 0.8%
Southern #ank 15.2% 16.0% 62.3% 6.3% 0.2%
Northeast Peak 1 61.4% 4.8% 25.4% 7.8% 0.6%
Northeast Peak 2 7.6% 1.8% 44.8% 44.2% 1.5%

greatest abundances in late spring to early summer. The temporal pattern may be in#uenced by
wind strength. Using all three measures of `storminessa, spring 1940, when planktonic hydroids
were broadly distributed on the central Bank, was a much stormier period than spring 1941, when
hydroids were absent from the Bank. Also, it is important to note that the only other published
report of planktonic hydroid abundance (Madin et al., 1996) showed higher abundances of
planktonic hydroids in May 1994 compared to June/July 1995, as reported here; interestingly wind
anomalies were much higher in March and April of 1994 than in 1995 (Manning, 1999). This lends
further support to the hypothesis that storm activity could introduce hydroids into the plankton.
The relative importance of storms versus other disturbances (e.g., bottom trawling) in introducing
hydroids into the water column is impossible for us to assess, but warrants further study.

Through the use of the video camera and instrumentation on the ROV, it was possible to
describe the bottom characteristics and benthic community at each study site more completely
than through deck sampling alone. We originally hoped to use the ROV video transects to survey
benthic Clytia spp. abundance; however, this proved impossible with the magni"cation and
resolution of the video equipment. ROV transects can be quite accurate for larger organisms
(Michalopoulos et al., 1993); but the colonies of Clytia spp. were too small ((3 mm) to be reliably
counted on video, even at high magni"cation. The ROV video was useful for identifying larger
hydroid colonies such as Obelia, which may be a proxy measure for suitable habitat for other
hydroids, and the layer of algal detritus on the sand at the Southern #ank site. The vehicle also
proved to be a very useful tool for sampling near-bottom plankton, enabling us to quantify
planktonic hydroids in an area where we were unable to use the MOCNESS.

The combination of MOCNESS and ROV sampling enabled us to examine the vertical
distribution of hydroids from the surface to within 1m of the bottom. The highest abundance of
planktonic hydroids was found throughout the water column at the Crest site (Figs. 3 and 4),
consistent with earlier sampling by Madin et al. (1996) and Norrbin et al. (1996). The lowest
abundance of planktonic hydroids was at the Northeast peak 2 site, with higher numbers at the
Northeast peak 1 site. At the Southern #ank site, no hydroids were found above 30m and the
overall abundance was low (Figs. 3 and 4).

As expected, the abundance of attached, benthic hydroids appeared to be related to bottom
substrate. The benthic hydroid abundance was high at both Northeast peak sites, where the
bottom was composed of cobble (Table 1, Fig. 4). The Crest site also had a high abundance of
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benthic hydroids (4692 hydranthsm~2), but the presence of closed stolens and small colony size
suggests these colonies had settled onto the bottom, or were suspended just above it, as opposed to
actually being attached to the bottom substrate (sand). The lowest benthic abundance of hydroids
(357hydranthsm~2) was at the Southern #ank site.

The circulation pattern on Georges Bank (Fig. 1) would appear to be an important factor linking
the benthic and planktonic distribution of hydroids. Our limited data indicate that the highest
abundance of benthic hydroids occurs upstream of the highest abundance of planktonic hydroids,
suggesting the former may be a source of the latter. While it is possible that some planktonic
hydroids may be entering the Georges Bank system from o! the Bank (e.g. Scotian shelf), the
scarcity of hydroids in the water column at the most upstream station (Northeast peak 2) would
argue against a primary source population o! the Bank. We think it more likely that hydroids
attached to the bottom in the northeast peak areas enter the water column after being separated
from, or broken o!, their substrates by storms or other disturbances. Results from the ROV suction
sampling show the density of suspended hydroids is lowest at the Northeast peak 2 site (40$6
hydranthsm~3), but their numbers increase markedly at the Northeast peak 1 site (477$129
hydranthsm~3). By the time the water reaches the Crest site, hydroids make up the bulk of the
mesozooplankton population, present in the water column at a concentration of 6214$1344
hydranthsm~3. At this point, the planktonic hydroids are likely being retained in the well-mixed,
but weakly advective circulation on the peak of the Bank (Figs. 1 and 4). The low abundance of
near-bottom planktonic hydroids at the Southern #ank site (111$22 hydranthsm~3) may be
explained by that site's position near the southern edge of the Bank. It might receive fewer
suspended hydroids from the upstream northeast peak areas, and strong along-Bank currents
outside of the 60m isobath could rapidly sweep water and suspended hydroids o! the Bank
(Werner et al., 1993; Limeburner and Beardsley, 1996; Sullivan et al., 1997). While bottom type is an
important factor in benthic hydroid distribution (Calder, 1991), it has no obvious direct connection
with distribution of planktonic hydroids. Instead, the physical processes of horizontal advection
and water strati"cation appear to be the main forces determining planktonic Clytia spp. distribu-
tion on Georges Bank. Once introduced to the crest area, rapid growth and development may
occur because of the food-rich and turbulent planktonic environment of that region (Bollens et al.,
2001a).

In summary, the historical data from 1939 to 1941 show that hydroids were present in relatively
shallow ((100m) water in the late spring-early summer following a `stormya spring (1940), but
absent the following year after a calmer spring. Our "eld sampling in 1995 showed planktonic
hydroids to be most abundant on the central crest, but abundances of benthic colonies were highest
at the northeast peak. Our results suggest that planktonic hydroids found on the crest are not
entering the Georges Bank circulation from o!-bank; instead, the benthic source population for the
planktonic hydroids likely lies along the northeast peak area of the Bank itself. We hypothesize
that the circulation system of Georges Bank traps these suspended hydroids in the central area of
the Bank. Given that hydroids can be found in high abundance during at least some years, and are
apparently both competitors with and predators on larval gadoids (Madin et al., 1996, 1997),
further studies of potential sources (e.g. the northeast peak), mechanisms of retention and loss, and
trophic-dynamics of hydroids (e.g. Avent et al., 2001), are warranted. Finally, we recommend that
coupled biological/physical models be used to integrate all of these processes and to look at their
relative importance in the ecology of planktonic hydroids on Georges Bank.
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