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Abstract

As part of an EU-AIR project mvesugatmg biotic and abiotic effects on recruxtment
and reproductxon in eastern Baltic cod, we reviewed the literature to identify areas of future
research on egg and larval stages. Egg and larval abundances have b_een estimated for
several decades in all of the major spawning areas. Using a subset of the available data we
show that the timing of peak egg abundance in one of these areas (Bornholm Basin) varies
seasonally by at least 2 months. In addition, the historical mean egg abundance observed
in the Bornholm Basin agrees to within 2-fold of that expected from an egg production
model, and measured egg development and mortality rates. Trends in egg and larval
abundance over time are not obvious due to differences in gear type, sampling intensity,
and survey llmmg relative to spawmng dates. Interannual differences in larval transport
away from spawning areas may also contribute to Val’lablllt)' in abundance estimates. The
results of broad-scale zooplankton surveys suggest that the abundance and types of potenual
prey in the Baltic Sea are similar to those in other regions and perhaps suitable for
_ rnoderate-to-fast larval growth. However, no systematic survey has described food
" concentrations at appropriate scales for cod larvae, nor the species composition of larval
diets. _Growth rates for Baltic cod larvae have not been measured and cannot be compared
with rates in other areas or to variations m biotic and abiotic facfors. Large gaps existin 7 -
our knowledge of processes affecting egg and larval growth and survival, but some
promxsmg areas of research are mdlcated In parucular the seasonality of spawrung, deep
water oxygen concentrations, predation on eggs, and larval food producuon require further

investigation.


iud
ICES-paper-Thünenstempel


I l . ‘. .
The cod populatton in the eastern Baltic (ICES Subdivisions 25- 32; Fig. D) is
htstoncally one of the largest in the North Atlantic (Dickson & Brander 1993) and is

presently being commercially exploited by eight countries (ICES 1994a). The long-term

mean abundance is 400,000 - 500,000 tonnes of-spawning stock biomass, but the stock has -

decreased from > 800,000 to < 80,000 tonnes from 1980 to 1992 (ICES 1994a)
Reasons for this decrease in abundance include high ﬁshmg mortalrty and detenoratmg
environmental conditions experienced during the early life stages (Bagge et al. 1994).

In this report we discuss the ecology of the egg and larval stages of Baltic cod, and
how environmental factors affecting these stages can contribute to fluctuations in stock
biomass. The geographic focus of our discussion will be the eastern part of the Baltic and
in partlcular the Bornholm Basin (Fig. 1). This area is considered to be the most important
spawning site in the Baltic (Bagge et al. 1994, Ntsslmg et al. 1994). Environmental
conditions in and interactions with neighboring spawnmg areas (e. g.; Gdansk and Gotland
Basins) will also be considered, as this rnformatton can help interpret recent trends within
the Bornholm Basin.

Our objective i 1s to develop new hypotheses of how environmental vanabxhty and
the spawning stock interact to determine recrurtment levels of cod in the eastern Baltic.
The approach we will use is multi- disciplinary and comprises a review and integration of
literature relating to the early life stages. We combine data extracted from different
sources to draw conclusions and to suggest possible productive research topics.

I ] ol-]. . OO j] ]! 1 .' - D e - .“'-.
= The distribution and abundance of eggs and larvae i in the eastern Baltxc has been
1nvesttgated since the 1930's (Bagge et al. 1994; th 2; 3) These studies have identified
the Bomholm Gdansk, and Gotland Basins; and to a lesser extent the Slupsk Furrow as the
main spawmng sites (Aro 1989, Bagge et al. 1994). Spawntng takes place in deep water _

and eggs develop at depths of 50 - 80 m depending on egg buoyancy (Wieland 1988, g2 sees

Wieland & Zuzarte 1991, Ntsslmg et al. 1994) Larvae are usually found closer to the
surface i in fresher water, but below the summer thermochne (Poulsen 1931 Muller 1988

oneed o ..°

.Wteland & Zuzarte 1991) o : i 2

Most surveys for cod eogs ‘and larvae in the eastern Baltxc have been conducted e

dunng April-May (Fig. 2B) in order to comcxde with the assumed peak in spawmng .
activity. The overall results of these surveys show that average e°g abundance in the

.Borriholm Basin is 35 m? (st. dev. =29 m? ; Fig. 2). The abundance and survrval of eggs‘
"spawned in the Gdansk and Gotland Basins i is lower partly because oxygen and sahmty

condttrons limit egg survival (Plikshs et al.,.1993, Wieland et.al.- 1994, Nrsslmg et al
1994; details below). Larval ‘abundances in the Bomholm Basm (mean = ca. 3 m? td
dev. = 5.8 m?) are approxtmately 10-fold less than those of eg

‘ The abundance of both eggs and larvae appears to have decreased dunno recent

years (th 3A) along with the declme in spawmno stock biomass (Plikshs et al. 1993). In ‘

other areas, temporal patterns in egg or larval abundance can provide early measures of
potential recruitment to a population (e. g., Brander & HouOhton 1982) and provide
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independent validations of VPA estimates of spawning stock biomass (Heessen & Rijnsdorp
1989; Heath 1993). However, in the eastern Baltic, it is presently difficult to assess
whether and by how much the temporal variability in egg and larval abundances is
artifactual (e. g., due to variability in timing and duration of spawning relative to survey
timing, survey methods) or real (e. g.; due to lower annual egg production rates, or
changing environmental conditions).

One samphng artifact likely resp0n51ble for some of the vanabnhty 1n egg and larval
abundances is survey txmmg relative to the onset and duration of spawning. Cod in the
eastern Baltic have one of the longest (6-8 months; Uzars et al. 1991, Linkowski &
Kowalewska-Pahlke 1993, Bagge et al. 1994) and most variable spawmng periods of any
cod population in the North Atlantic (ICES 1994b). However, in some years, surveys have
been conducted over periods of only 1-3 months. Hence, this survey strategy, which may
be appropriate for other fish populations, will not consxstently sample the main spawning
period for eastern Baltic cod on an annual basis, and will contribute variability to egg and
larval abundance estimates independently of total annual egg prdduction rate.

To illustrate part of the vanablltty in spawning activity as inferred by egg
abundances, we have selected 13 years from the data compiled in Fig. 2 for which at least
3 surveys were conducted over a period of at'least 60 days. Within most of these years, ’
one or two collaborating institutes conducted all of the sampling, which reduces the -
pOSSlblllty of gear-induced biases. For these 13 years, there were on average 6.3 surveys
per year, and 106 days between midpoints of the first and last surveys within each year.
The seasonahty of egg abundance among these years shows several patterns (Fig. 4)."

First, in 11 of these years, measured egg abundances first increase and then
decrease, suggesting that the sampling campaign overlapped the peak spawning period. .
Second, in two years there is either an increase (1992; Fig. 4D) or a decrease (1986; Flg
4C) in egg abundance over the samplmg period. This suggests that the peak in spawmng

-activity was actually outside the survey period. The third pattern is that the date ~~ - .
correspondmg to maximal mean egg abundance within a survey varies by several months.
The mean and SD calendar day of peak spawning for these 13 years is 156 + 31.5. Note
that the variability in peak spawning date is likely somewhat larger because we assumed .
that for the two years having truncated survey data (1992, 1986), the peak spawmng date
corresponded exactly to the dates having highest egg abundance.” =™ 7 .

We conclude that vanablhty in tlmmg of spawning relattve to sufvey tlmmg is
probably a major source of vanablhty in'the egg and larval estlmates, and will likely i
confound attempts to use egg or larval abundances to explain vanance in other variables (e. |
g., recruitment, spawning stock biomass). For example, during the years of highest . . _

-population egg produchon in'the eastern Baltic (1979-1985; Fig.'5), we have identified ™ e
only 1.1'egg survey per year for the Bornholm Basin (i. e., Krenkel 1981, Plikshs et al.”

1993). : Surveys during these )Qears were conducted in the spring (Aprll-J une) and mdtcate‘ e

that egg abundance (ca. 40 m ) was close to the long-term mean, even though populatlon
egg production for th&eastern Balttc*1 gurmo thelse years exceeded the 1974-1993 mean by’
about 70% (2.2 x 10" vs.'1.4'x 10 eggs yr )." It is possible therefore that within some
of those years, egg abundances were still increasing over the 3-month sampling period, and
that if additional surveys had been conducted at other times during these years, they might |
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have detected htgher egg abundances. _

, Based on the considerations outlmed above we suggest two acttvmes that mtght _
1mprove the qualtty of lnformatton extractable from historical and future egg and larval
abundance estimates. First, an mdependent time series of peak spawning dates should. be
sought from other data sources such as (1) gonad maturity indices from research vessel
trawl surveys (Bagge & Steffensen 1991; Uzars et al.-1991); (2) seasonal drstnbuuons of -
larval sizes or proportions of larvae with and without yolksacs or (3) cod roe sales
(Pedersen 1984, tJakupsstovu & Reinert 1994). This could gtve information about the .
seasonality of spawning in other years; improve our preliminary Spawmng date distribution
derived above, and perhaps help correct egg and larval abundances in years when sampling
effort d1d not overlap the entire sampling period. Secondly, the seasonal coverage of any
new egg and gonad matunty surveys could be coordinated 1ntemauonally to cover the |
whole range of spawning times.

- A second artifact that can contnbute to the inter- and intra-annual vanabtlxty in the ,
egg and larval estimates is dlfferences in samphng methods. For example gear types, .

*depth strata and sampling intensity (numbers of sampled stations per year = ca. 7 - 45)
differ between studies. Thtrdly, most studies have not dtstmgurshed between the dtfferent
developmental staoes and sizes of sampled eggs and larvae, o it is possible that some of
the variability in Fig. 2 and 3 is due to the inclusion of both early and late stages of eggs,
or small and larger larvae. The influence of these two additional factors on abundance )
estimates can perhaps be reduced after calibration between studies, or by conductmg s,
analyses with carefully-selected data (e. g., estimates based on one gear type or based on a
mtmmum number of stattons at a orven trme of year)

[RLFIS
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* In principle the major factor affecting abundance of eggs and larvae in the spawnmg
areas should be the number of eggs produced by spawning adults. It is reasonable to ask,
therefore how closely abundance estimates for the Bornholm Basm resemble those o

.expected from the annual total egg production. T SR
g To address this question; we used the long-term mean and standard dev1atxon of
spawmng dates calculated above, and our current knowledge of populatton age structure "
fecundtty, spawmng times and adult distributions to derive : an expectatron for the long-term

mean egg abundance m Bornholm Basm The method we use rs that of Lassen and “se
a normal distribution., If this is the case, then within a parttcular year the seasonahty of L
_daily egg productron should also be normally dtstrtbuted Thxs assumptton is supported by

.....

. proporttonal to the populatron eg productton thhm a grven year (Lassen & Pedersen '
1985), and the lono term mean egg productron on a grven day wxll be proporttonal to the

“Cod are determmate spawners (Kjesbu etal. 1991), whose eg s hatch after 15 days |
of mcubatton at 6°C (Wieland et al. 1994). We assume that the 1nstantaneous egg .
mortality rate, z, in the Bornholm Basin is 0.339 (average of values from Bagge & Miller



1977 and Wieland 1988). The area in which spawning takes place, and where eggs are
initially located, is delimited approximately by bottom contours exceeding 60 m. Within
ICES Subdrvrsron 25 whrch contains thf Bornholm Basin, this area has been estimated by
Sparholt et al. (1991) to be 14,300 km”. Sparholt et al. (1991) also state that during the
months April-June, 38% of cod aged 3+ are located in Subdivision 25 (spatial distribution
during the summer months is unknown due to lack of research survey data; Sparholt et al.
1991). For our calculatxons, we assume that (1) this fraction represents the proportion of
population annual egg production that occurs in Subdivision 25, (2) more than 69% and
91% of cod aged 3 anc} + are mature (Weber 1989) (3) the long-term mean annual egg
productron is 1.4 x 10" ' (Fig. 5), and (4) spawning activity within the 60 m contour is
homogeneously distributed.

Using these puts we find that the mean egg abundance in the Bornholm Basin
should be ca. 97 m ", assummg abundances are estimated daily for a 63-day period (.e.,2
times SD of mean long-term spawning date) centred on the long-term peak spawning date
(Fig. 2B). This abundaace value agrees to within 2-fold of the mean long-term egg
abundance (48 + 26 m ™) derived from our data compilation, but excluding the 13 years of
data used for estimating the peak spawning date.

The 2-fold correspondance between the observed and theoretically predicted egg
abundances is reasonable, given the heterogeneous sampling methods employed in the
plankton surveys, and the assumptions we used in our calculations. For example, our
estimates of annual egg production are derived from sex ratios, maturity ogives and body
size-fecundity relationships based on relauvely small sample sizes gathered over a modest
number of years (Bagge et al. 1994). It is possible therefore that these model mputs may
not have matched the true population characteristics over the time period of our
comparisons (> 40 years). Hence, the sensitivity of our results to variability in model
parameters needs to be assessed more fully to identify how predicted egg abundances mxght
change for drfferent model 1nputs (e. 8 spawmng date drstnbutrons, sxze-fecundrty
relations).

Our calculations also assume that all eggs have an equal probabxhty of survrvmg, '
even though recent studies indicate that such is probably not the case. For example, egg -
buoyancy, which affects egg survival in the eastern Baltic (Nissling et al. 1994, Wieland et
al. 1994), varies with batch number within a female (Nissling et al. 1994), and eggs ]
spawned at different times within the year ‘will probably be exposed to different sources ‘and

magnitudes of mortality (e. g., low oxygen ‘predators; see below). In’ addmon egg size m_

the three main eastern Baltic spawmng areas decreases during the spawning season and
older females produce eggs with a higher fat content (Grauman 1965; Fig. 6). o s

“*- Since egg characteristics such as size and biochemical composmon affect aspects of °

larval feeding and growth (e. g., larval size at hatch, mouth gape, activity levels; Knutsén’
& Tilseth 1985; Solemdal et'al."1992, Marteinsdottir €t al.” 1993); the survival probabrhty

of offsprmg from eastern Baltic cod is probably highly variable. Moreover, there appears -

to be a cyclic pattern in the relative contribution of older females to population egg .

production (Fig. 5). It is possible that years having a high proportion and abundance of

older females may therefore result in better than average egg survival and recruitment.
As a consequence, one of the factors that likely contributes variability to stock -



recruitment relatronshlps is violation of the assumptron that all adults produce offspring
with equal survival probability, regardless of parental age or condition (e.g., Hutchmgs and
Myers l994a) Measures of population egg production that are structured to accommodate
differences in egg survival probability (e. g., due to differences in spawmng date, age and
condition of females, rates of atresia; Kjesbu et al. 1991) may provide better estimates of
survival and recruxtment than spawning stock-biomass (Chambers et al; 1989, Kjesbu et al
1992). Hence, progress in understandmv maternal (Chambers etal. 1989) and patemal
(Trippel & Nielson 1992) influences on egg survival probabllmes could lead to 1mproved
recrurtment estimates based on egg production (Kjesbu et al. 1992).

o .

One of the major envxronmental factors which increases egg mortahty rates in the
eastern Baltic is low oxygen concentration (Wleland et al; 1994, Nissling et al. 1994),
Because of the lrregulanty of inflows of saline, oxygen-nch water from the North Sea, the
oxygen content of the deep water of the eastern Baltic undergoes interannual natural
fluctuations (Fig. 7A; Plikshs et al. 1993). In some years oxygen levels in deep water can
decrease to < 2ml 1" (Fig. 74), at which pomt laboratory studies show that egg .
development is prevented (Wieland et al. 1994). ’:"

Since cod eggs in the Baltic are negatively buoyant relative to the oxygen- -rich ~
surface layer (Nissling et al 1994), cod eggs will sink to the deeper oxygen-poor layers .
(Wleland 1988, Wieland et al. 1994). Hence in years when oxygen levels in spawning
basins are low, factors which affect cod egg buoyancy (e. g., female reproductrve htstory)
wrll affect survival rates (Nxsslmg et al. 1994), ‘

_ * Because of the mteractlon between oxygen conditions and egg buoyancy,l estrmatcs
of the volume of water sultable for egg development (oxygen content > 2 ml | \
temperature > 1.5Cand sahmty > 11 ppt) have been made (Plikshs et al. 1993 Flg 7).
These estimates (" reproductlve volume" and "thrckness of the spawmng layer' ") show large
vanablhty between and within years, and among the three main eastern Baltic spawning
sites (Fig. 7; Plikshs et al. 1993) However, they have been found to explam a srgmﬁcant
portron of the interannual vanabrhty in recruitment fluctuations in the eastern Baltic cod
stock (Phkshs et al. 1993). In fact, the requrrement for a thick spawmng layer is so
important that the influence of more familiar recruitment processes (e. 8.5 ‘predation) will -
likely only be evident in years when oxygen levels permit complete egg development .
(Wteland et al. 1994). , . s

*) rzIn addition to the role of interannual variability in spawning layer thickness in egg

i survrval we propose that its seasonal variability also affects egg survival. For example

 the time series of reproductrve volumes (Plikshs et al. 1993) and spawning layer”

,thrcknesses (Fig. 7C) in the Bornholm Basin clearlyshow strong.intra-annual components .

‘with'oxygen levels being higher earlier in the year than later. In addition; it now appears
that eutrophication has reduced the impact of deepwater renewal on oxygen conditions, so
that periods of favorable oxygen content are shorter than in the past (Hansson & Rudstam
1990 Nissling et al. 1994).

- Given the vanabrllty in spawmno ttme described above; it is reasonablé to

hypothesrze that if spawning occurs mostly in the early part of a particular year, egg
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survival rate should be relatively high because of adequate oxygen conditions. However, if

_spawning occurs mostly in the summer months, then oxygen conditions will be lower and -

egg mortality rates are predicted to be higher. Hence, in periods when oxygen conditions
throughout the year prevent successful egg development in the Gdansk and Gotland Basins
(as they did during much of the 1980's and early 1990's; Nissling et al. 1994, Wieland et
al. 1994), the reproductive success of the entire eastern Baltic.population may depend on ... -
the likelihood of spawning occurring during the sprmg in the Bornholm Basin. '

However, superimposed on the interaction between spawning layer thickness, egg
survival and spawning time, is the seasonality of predation mortality in the Bornholm Basin
(Koster & Schnack 1994). In the years 1987-1991, sprat predation on cod eggs was a
much larger and more significant component of egg mortality in the spring than in summer,
Herring predation mortality was lower than sprat, but increased from spring to summer, .
Predation mortality of cod larvae by either predator was low throughout the year. Hence,
given a scenario in which oxygen conditions vary seasonally (Fig. 7), even if spawning -
were to occur early in the year (April-June), many eggs would be consumed by sprat,
thereby reducing the likelihood that a strong yearclass would result (Koster & Schnack
1994). To avoid sprat predation, spawning should be later, but this strategy in a typical
year increases the risk of egg mortality due to oxygen stress.” In this way, the seasonal -
patterns of spawning, egg predation, and oxygen-induced egg mortahty would appear to
greatly reduce the probability that a good yearclass could be produced in a year having
margmal or even average oxygen conditions.

" We suggest therefore that historical and.future patterns of onset and durauon of -
spawning should be identified, as well as the causes of their variability... Based on ﬁndmgs
with cod in other areas, the variables that should be considered as possible determinants of
peak spawning date include population age and size structure (Hutchings & Myers 1993,
Kjesbu et al. 1991), water temperature (Brander 1994; Hutchings & Myers 1994b; Kjesbu
1994), and food conditions (Kjesbu 1994). In addition, the oceanographic factors
responsible for the seasonal variability in spawning layer thickness need to be more clearly
described, as well as the seasonality of predation mortality on eggs and larvae in the
Gdansk and Gotland Basins (Koster & Schnack 1994). .

o ; ; z -l . iz istril l. S : ! : Teees LT
General ST T S et g
. .The cod population east of Bornholm is considered to be relauvely dlstmct from that

to the west because of differences in migration patterns, meristics, and growth rates (Aro ..;:

11989, Bagge & Steffensen 1989, Bagge et al. 1994). -As a result, they are considered as -i:

two separate stocks for management purposes (ICES 1994a). However if there = :«.:1 .2,
occasionally is appreciable exchange of eggs, larvae or adults between the areas, then stock .
assessments would have to consider rates of immigration and emigration from neighboring : -
Below we consider the role of large-scale hydrographic influences on the
distributions of eggs and larvae both within and between the western (ICES Subdivisions
21-24) and eastern Baltic (ICES Subdivisions 25-32; Fig. 1). We also evaluate ways in



which hydrography could affect the drstnbutlon of adults, and therefore reproductrve
output, among spawning sites in the eastern Baltrc

Eﬁ'ects of inflowing North Sea water on transport of eggs and larvae to eastern Baltic -

The dominant physical oceanographtc feature of the entire Baltic is a large-scale
surface outflow of fresh water,.counterbalanced by irregular inflows of-saline North Sea -
water along the bottom (Kullenberg & Jacobsen 1981, Moller & Hansen 1994). The
1ntensrty and frequency of the inflows depend on meteorological conditions and therefore
vary greatly within and among years (Matthaus & Franck 1992). This has lead some
mvesttgators to suggest that they could be a means of egg and larval exchange within
various parts of the Baltic (Poulsen 1931, Bagge 1981, Westerberg 1994).

However, if these inflows represent an important mechanism by whtch eggs can be
transported into the eastern Baltic, they must be timed to occur when eggs or larvae are in
the water column. Therefore, the timing and duration of inflows must approxrmately
match the known Spawnmg times of cod in potentlal donor populations if transport of eggs
or larvae into the eastérn Baltic is to occur. In this context, we shall consider only the
"major inflows" (Matthaus & Franck 1992) as potentlally contributing to the egg and larval
supply of the eastern Baltic because it is only these inflows whose intensities are strong®
enough to exert a measurable mﬂuence on abiotic condtttons in the eastern areas (Matthaus
& Frank 1992) : . 3

We note that most (62 5%) of the major 1nﬂows recorded between 1897 and mid-"
1993 occurred between November 1 and January 31, and that 11 of the 14 most intensive -
inflows occurred between November | and January 31 (Matthaus 1993) The duration of
an 1nﬂow event is 5 - 29 days (mode = 7.5 days; Matthaus & Franck 1992) By the time
the.i -incoming water reaches the recording site at Gedser Rev (western Baltic; Subdivision
24), the water has been flowing for about 1 week (modal inflow duratron Matthaus &
Franck 1992) As a result, an inflow event recorded at Gedser Rev, for example, on”
January 15 means that a potentxal donor cod populatron (e. g.. in the Belt Sea or Kattegat) -
must spawn in early-mid January if its eggs are to be transported southwards past the
recording station by inflowing bottom water. If inflow events were to transport pastthe
recording station any newly-hatched larvae that hatched as eggs in the Belt Sea or Kattegat
the estimated spawmng dates would have to be at least 3 weeks earlier, assuming egg -
development times of Wreland et al. ( 1994) for wrnter water temperatures (3° C) typrcal '
for the Kattegat-Belt Sea-westeérn Baltic region. T o

it.The required spawnrng dates (December-January) for egg or larval transport bya

) January mﬂow event appear to be at least one month earlier than the observed peak < -

) spawnmg dates for the Skagerrak, Kattegat and Belt Sea cod populations (Poulsen 1931
Bagge et al. 1994), and the North. Sea. p0pu]at|on (Brander 1994). Thus most spawmng in
possrbIe source populations appears to occur afrer the termination pomt of most major
inflow events. For example, there were only two intense inflows between 1897 and 1993
durrng February April (Matthaus & Franck 1992) when cod spawmno actrvrty is greatest
among the possrble donor populations. This indicates that cod eggs and larvae from the
Skaoerrak Kattegat and Belt Sea are unhkely to be transported 1nto the eastern Baltlc by

major Baltic inflow events.



But even if some transport was given, the egg or larval contribution that source
populations could make to that in the eastern Baltic would seem to be very small. Mean
spawning stock biomasses (VPA estimates) of the likely source populations are very low
compared to that in the eastern Baltic (Table 1). The amount of egg productnon in donor
areas is unlikely to make a srgmﬁcant impact on the abundance of eggs in the eastern
Baltic. ........ . .
In summary, grven the long-term seasonal dlstnbutrons of major mﬂow events and
spawning times, the transport of eggs and larvae into the eastern part of the Baltic is not
likely to occur during most years. We conclude that even if a transport of eggs and larvae
does occur from the western Baltic it is unlikely to have a major effect on recruitment to
the cod population in the eastern Baltic. These considerations, however, do not preclude
local exchange of eggs and larvae within the western Baltic (e. g., Poulsen 1931,
Westerberg 1994) that could be mediated by weaker inflows. For example 20-25% of the
total annual egg production of Subdivision 22-24 is believed to have been carried through -
the @resund and Great Belt towards the Arkona Basin by such events in the spring of 1993 .
(Westerberg 1994)

Eﬁ”ects of wmd-mduced transport on egg and larval distributions:; :

In the eastern Baltic, circulation patterns in the upper layer of the Baltic are " . -
dominated by wind conditions (Kullenberg & Jacobsen 1981, Moller & Hansen 1994).
However, cod eggs are generally located near the permanent halocline at depths of 50-70 m
and below the sill depths (Wieland et al.. 1994). . Because they are below the depths most
likely influenced by wind-induced circulations, eggs can be retamed wrthm the spawmng
areas (e. g., Wieland 1988). .

. After hatching, larvae rise towards shallower depths where they are more hkely to
be mﬂuenced by wind-induced currents. However, even if larvae remain at or below the
summer thermochne, they can occasionally be exposed to strong wind-induced currents as a
result of Ekman dynamics (Krauss & Briigge 1991). - Model simulations of interannual .  ~
vanabrhty in wind- induced transport are now beginning to assess some of the possible
routes of larval drift in the Baltic (Aro et al. 1991). These simulated drift trajectories for
larvae hatched in the Bornholm Basin have used March winds as input and demonstrated - '
that transport distances and routes may vary widely from year to year. In some years (e. -

g., 1985) it was predicted that very little transport occurred, producing an apparent patch ..
of eggs and larvae in the Bornholm Basin (Aro et al. 1991) On the contrary, simulations :
using winds from other years showed that there can be, transport north to Gotland Basin
(1989) or east towards the Gulf of Gdansk (1990). e Rneen et e wollnt gnun.a
) -z Modeling efforts have rapidly become more sophlstlcated in recent years.: State-of-
the-art models now describe Baltic circulation in three dimensions (Funkquist 1993, .
Lehmann 1993) instead of two, and if coupled with appropriate biological inputs, can be .
used to estimate the levels of primary biological production (e. g.; St. John et al. 1993). -
La_rvalydnft models for cod in other areas have been combined with individual-based larval
feeding and growth models (Werner et al. submitted), and have proven valuable for
estimating egg and larval retention rates (de Young & Davidson 1994) and identifying
nursery sites for settled 0-group cod (Adlandsvik & Sundby 1994). When coupled with
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data assimilation techniques and surface drifters, they can be used interactively for realtime
tracking of cohorts of drifting larvae (Bowen et al. 1995).

Unfortunately, much of the biological information (e. g., larval vertical
dtstnbuttons buoyancy, specres composition of dtets) requrred to apply these models to cod
larvae in the eastern Baltic is presently lacking. If such information becomes available, we
anticipate that our understanding of processes affecting the dtstnbutton and growth of -
larvae and 0- -group cod in the eastern Baltic would be greatly advanced. For example, two
foresecable outputs of such an act1v1ty could be (1) the identification of O-group nursery
sites based on model outputs of spring z and summer drift trajectones from the three eastern
Baltic spawmng sites, and (2) the estabhshment of an annual autumn O-group survey whose
samplmg regions would be gunded by modelled drift trajectones Sucha survey could
potentially contnbute to assessment actlvrues for this population.

Effects of Norrh Sea inflows on adulr distributions

Inflows of North Sea water probably have trnportant indirect influences on egg and
larval abundances via their effects on adult distributions and spawning mlgrattons within
the eastern Baltic. In general the hydrooraphrc factors affecting mlgratlon routes in cod
are poorly known (Rose 1994). However, in one area where oxygen concentrations are*-
presumably high (NAFO regron 2J3KL; Newfoundland-Labrador shelf), water temperature
is an important factor affectmo migration routes (Rose 1994) In the eastern Baltrc 1t is

.-

affect mrgratton routes, the choice of spawning s1tes/depths, and more generally the .
-honzontal and vertical dtstnbutton of adult cod (Hansson & Rudstam 1990 Uzars et al,
1991). R R
' - The possxbrhty that North Sea inflows expand the range of adult cod within the
Baltlc has been mvestrgated earher (e. g 8 Poulsen 11‘931) With respect to cod in the
‘North Sea cod to reproduce in the southern Kattegat and Belt Sea.” To support this A"' E
suggestion, he shows a posmve correlation between the number of larvae in Apnl May in
the Belt Sea and the average sahmty of the bottom water at Schultz Ground (southem
Kattegat) during the prevnous November and December (Fig: 8) Poulsen mterpreted this
finding as an indication that inflows of saline water, which occur mostly during the autumn
and winter (Matthaus & Franck 1992) expanded the available habitat of cod from ="~ * -
northerly areas (e. g. Skaggerak-Kattegat) towards southerly areas (Belt Sed, western B
Baltic). He suggested that the annual autumn migration of cod from the Skagerrak and
) Kattegat into southerly areas could be extended during years havmg inflows, and that these
" fish could spawn the following spring before emigrating back to the north. Ina similar ©
manner, Johansen (1926) concluded that a large inflow of North Sea water was responsrble"
for extending the- southerly and easterly range of Skagerrak and Kattegat populations of -

haddock (anmmmnm Gadndae) into the southern Kattegat Belt Sea and

western Baltic.
By analogy with the effects of inflows on cod and haddock dxstrtbuttons in the

western Baltic, we would expect similar effects on adult cod distributions within the eastem
Baltic. If this is true, then the relative contnbuttons of the major spawning areas to
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reproductive and recruitment success will vary among years, not only because low oxygen
conditions prevent egg development in some areas (Wieland et al. 1994), but also because
some fraction of the population which might normally spawn in a given area may avoid the
same area when oxygen conditions are poor. Alternatively, a local cod population could
remain in the same area, but spawn in shallower (i. e., fresher) water, which could still
reduce reproductive success via lowered egg fertilization rates (Westin.& Nissling 1991).
Existing tagging studies (e. g., Birjukov 1969) reviewed by Aro (1989) do show
that eastern Baltic cod use different spawning grounds in different years but the reasons for
spawning site choice are unknown. A re-analysis of tagging studies and adult spatial

distributions with specxﬁc reference to the timing, duration and magnitude of inflow events,

might therefore show how migration routes and destinations vary with hydrographic
conditions in the eastern Baltic (Uzars et al. 1991, ICES 1994a). In addition, studies of
meristic characters (e. g., vertebral counts; Birjukov 1969) which vary in predictable ways
with environmental conditions (e. g., oxygen concentrations) during egg and larval
development (e. g., Linsey 1988, Frank 1991), could indicate likely spawning sites and
times (i. e., spring or summer) of survivors. This information could help determine how
reproducnve success varies with environmental conditions as functions of spawning site and
date within the eastern Baltic.

w 1rviv i gic Q-grou : . .

The diets and prey characteristics (distributions, concentrations, sizes, biochemical
composition) for larval and pelagic 0-group cod have not been well described in the eastern
Baltic. However, in other areas, the diets of cod larvae are dominated by Pseudocalanus
sp., Calanus finmarchicus, Acartia sp., Qithona similus, Temora longicornus, Centropages
typicus (Bainbridge & MacKay 1968, Kane 1984, Sundby & Fossum 1990; Economou
1991). .These same species (except for Calanus finmarchicus; Hernroth & Ackefors 1979)
all regularly occur in the eastern Baltic (e. g., Hernroth & Ackefors 1979; Ciszewski 1985,
Ciszewska 1990). . Hence, the taxonomic composition of zooplankton in the eastern Baltic
is broadly similar to that in othcr larval cod nursery areas, and it is possible that larval diets
in the eastern Baltic resemble those outside the Baltic. Lo

.However, if the effects of prey type on larval feeding selectxvnty are to be
understood or if advanced individual-based models of larval feeding and growth (Werner
et al. submitted) are to be applled in the eastern Baltic, much more detailed information
about larval diets (e. g., prey size and type, seasonal charactenstxcs of the plankton food

web) and small-mtermedxate scale prey dlstrxbuuons (ICES 1994d) will be required. . -

......

'group cod are difficult to assess. This is because much of the available plankton data (e.

g., monitoring studies) has been collected or averaged at large time and space scales which
bear little resemblance to prey abundances and distributions required by larval cod.

.. Nevertheless, these studies clearly demonstrate some important patterns in the
eastem Baltic plankton that may be relevant to larval and pelagic 0-group cod ecology.
First, nauplii of all copepod species are most abundant from March-June (Hernroth &

Ackefors 1979), and the biomass of crustacean zooplankton in the Baltic Proper peaks in
August (HELCOM 1990). Second, Hernroth and Ackefors (1979) observed a distinct

-
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seasonality in the occurrence of nauplu of different species (i. e. Asarua Spp:, P__mmutus

T. longicornis, Q._hamams and EL[ylﬂJlQ_[a Spp.), which, according to these authors, is
correlated with water temperature (Fig. 9) Hence the timing of cod spawning (see above)
indicates that larvae and 0-groups will, on average, occur in the water column comcxdent
with peak prey abundance. - i

Third, the.vertical dtstnbuuon of copepods generally corncrdes with the vertical
dtstnbutton of post-yolk sac cod larvae. Within each of the three main eastern Baltic -
spawning areas, Ciszewska (1990) shows that during 1979-1983 the spring-time abundance
of copepod naup]n copepodtte stages I-V and adult copepods in the 0-25 m layer are 5-10
X higher (30-50 individuals I'' ) than in samples from 2510 50 m and 50 m to the bottom
(mean abundance = 4-10 individuals I"). During thé summer months, copepod vertical
distributions and concentrations change. Surface layer copepod concentrations are 5-10
individuals 1" and mid-depth concentrations are 10-20 I''. This vertical dtstnbutton is
consistent with observations of P._minutus and Acartia bifilosa in Gdansk Bay (Ciszewski
& Witek 1977) which showed that peak concentrations (5-15 l‘) were located at mid-depth
and descended to deeper water as the summer progressed. By companson the depths of
peak abundance of cod larvae have been reported to be 20-30 m (Wteland & Zuzarte - -
1991), 30-60 m (Poulsen 1931), 40-65 m (Miiller 1988), and 70-80 m (erland & Zuzarte
1991).

Fourth, ‘the point estimates of zooplankton abundance reported by Clszewska (1990)
and Ciszewski and Witek (1977) suggests that larvae and O-groups may expenence )
sufficient prey to grow at rates similar to cod in other regions. For example; the
.abundance of one potential prey species (P._minutus) at mid-depth was similar to that" -

. which produced larval cod feeding rates equal to 40-70% of maximum feeding rates
observed in laboratory experiments (Munk in press; MacKenzie & Kiorboe in preSS), and
which give fast growth in large mesocosm studies (van der Meeren & Nazss 1993;
Folkevord et al. 1994). Other prey species, small-scale prey patchiness (Owen 1989) and
turbulent motion (Rothschild & Osborn 1988, Sundby et al. 1994, MacKenzie & Kiorboe
in press) would also increase feeding opportunities for cod larvae in the Baltic,” -~ "

<Fifth, Ciszewska's data shows that the intermediate layer (25-50 m) of the '
Bornholm Basin contained about twice as ‘many copepods in summer as the two other
spawning areas (Gotland Basin, Gdansk Basin). Surface layer copepod abundances | "-**-
however were similar during summer at all three sites. These data suggest that, during the-
years of Ciszewska's study, larval cod in the Bornholm Basin may have experrenced better
feeding condmons than in the other spawning areas. Spatial and temporal patterns such as

] these require more 1nvesugauon to determtne therr potenttal 1mpacts on larval and pelagtc

"0-group cod growth. o c

: Lastly, some long-term monitoring data (Renk et al. 1985 ‘Kostrichkina et al. 1985,

’ HELCOM 1990) show that mesozooplankton biomass in the eastern and south-eastern part

of the Baltic Proper has increased about 2-3 fold from 1948 to 1987, and that some major

trophic components have changed during the same time period. For example in August

- during the years 1960-1980, the proportion of herbivorous mesozooplankton mcreased

from ca. 28% to 50% of total mesozooplankton biomass, while that for omnivorous

mesozooplankton decreased from ca. 60% to 20%. Trends since 1980 appear to have

ta s
“tae
« >
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reversed (HELCOM 1990). The causes for these trends are not clear but are probably
related to increasing eutrophication of the Baltic (HELCOM 1990), hydrographic-climatic
interactions (e. g. Kostrichkina et al. 1983, Viitasalo et al. 1994) and other factors.

It is unclear however.if these changes in zooplankton abundance and species
composition have affected larval and pelagic 0-group growth. In addition, the long-term
changes in proportions of omnivorous and herbivorous zooplankton that have occurred in
the eastern Baltic (HELCOM 1990) may have induced .variability in growth and survival of
larval and pelagic 0-group cod via changes in plankton biochemical composition (Kaitaranta
et al. 1985) and nutritional quality (Ferron & Leggett 1994, Jonasdottir et al. 1995, St.
John & Lund submitted). The mechanisms involved, the directions of any changes in cod
condition, and how these changes might affect cod survival are presently unclear but
advances in biochemical means of assessing growth and condition in larval fish (Ferron &
Leggett 1994; St. John & Lund submitted) should help to identify these in the future.

vai -

Seasonally and spatially averaged summaries of zooplankton dlstnbuuons such as
those cited above overlook smaller scale variability in food conditions which can affect -
distributions of larval and 0-group fish (St. John et al. 1992; Munk et al. in press) and : -
feeding and growth rates (Lasker 1975, Bailey et al. 1995). Several physical processes (e.
g., upwelling fronts, storms, breaking internal waves, plumes, and topographically induced
eddies) operate at small to intermediate temporal and spatial scales (e. g:, days'to weeks .
and meters to kilometers) and can result in increased production or aggregation of larval
and juvenile prey...For example, high biomass of plankton has been found at frontal zones
created by wind induced upwelling events (Kahru et al., 1986, Raid 1989). In addition,
increased concentrations of phytoplankton and zooplankton have been found at regions
where the permanent halocline (60-70 m depth) and summer thermocline (20 m depth)
interact with bottom topography (e. g., slopes, banks; Raid 1989). Sprat larvae have been
found in these regions in association with aggregations of their pnnc1pal prey Temora
longicornis (Raid, 1989). . S

" Wind-induced surface cu‘culanon also produces enhanced feedmg opportumtles for
cod and other fish larvae. For example, a surface flow interacting with Baltic discharge
appears to produce an eddy-like circulation around Bornholm Basin (Kahru et al., 1986;
Raid, 1989). Increased abundance of cladocerans and rotifers has been found in one of .

_ these eddies, and high chlorophyll a and nitrate concentrations have been measured at its_

perimeter (Fig. 10). If such eddies are anti-cyclonic, as suggested by density contours -

(Fig:- 11, 12), then eggs, larvae and prey can become concentrated in this region (Fxg 12)

The contribution of processes at small-intermediate scales (e. g., eddies,.
thermoclines, upwelling zones) to growth and condition of larval and 0-group cod is
presently unknown for Baltic cod larvae and juveniles..In other regions (e. g.,-North Sea),
cod larvae and pelagic 0-group are more abundant at frontal zones than elsewhere (Munk et .
al. in press), and their condition is better here than at neighboring sites (St. John & Lund
submitted). In the Baltic, prey aggregating mechanisms at these scales are more ephemeral
(Kahru et al. 1984) than tidal fronts because the large-scale surface circulation (Moller &
Hansen 1994) and the intermediate scale circulation (eddies, fronts, Langmuir circulations;
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€. g., Kahru et al. 1986) are highly dependent on wind and other meteorological variables
(freshwater runoff, solar radiation; see also Viitasalo et al. 1994). Hence prey patches in
the Baltic form and disperse more frequently and at less predictable | locations; than in more
persrstent oceanographic regimes (e. g. tidal and topographrcally-mduced fronts; Bowers &
Simpson 1987; Wolanski & Hamner 1988).

_ - For this reason; we expect that-the hydrographic condmons of the Baltic will result -
in larval distributions frequently becoming uncoupled from those of their prey, thereby
making it more difficult to relate cod growth and condition to intermediate scale physical
features in the Baltic than in tidally-influenced areas. However, if the physrcal mechamsms
responsible for the occurrence and persistence of such features in the Baltic can be
identified, it should be possible to construct physically based models which €stimate thetr
location, intensity, and frequency (e. g., de Young & Davidson 1994)

Food availability will also be affected by cm-scale water motion (Rothschtld &
. Osbom 1988). A number of studies indicates that turbulence at these scales has both
beneﬁcxal and detrimental effects on food ingestion rate by planktonic predators (revrewed
by Kigrboe 1993), including larval cod (Sundby & Fossum 1990; MacKenzie et al. 1994;
MacKenzie & Kiorboe in press). We anncnpate that the effect of turbulenice on ingestion_
rates will be most evrdent in high-mixing regions of the Baltic such as those associated with
topooraphtcally -induced current shear (Prandke & Stips 1992) or frontal circulations. By
companson turbulence generated by wind is unhkety to greatly affect either encounter
~ rates or pursuit success This prediction is based on the long-term mean spnng summer
wind speed (7.5 m s™ Moller & Hansen 1994) recorded at Sprogg, western Baltic and the
frequent occurrence of larvae below the thermocline (Miiller 1988; Wieland & Zuzarte
1991) where the influence of wind on turbulence levels will be small (MacKenzie &

Leggett 1993)

N LI P . . - . it caLT
. . Tl [ . ST . .. .
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< %+ As with all poikilotherms, water temperature has a major 1nﬂuence on development
and growth rates of cod eggs and larvae. Average water temperatures expenenced by cod
eggs during development are 3.5- 6°C (Fig. 13), assuming peak spawmng occurs on day
- 156, and that eggs are located at 75 m depth. At these temperatures, .eggs requxre 16 days

to hatch (Wteland et al. 1994) Althou°h the peak in spawning of Baltic cod is hrghly
variable, eggs spawned at drfferent times should develop at srmrlar rates due to the-
relatwely minor changes in deep water temperatures. - - PR T
. Growth rates for eastern Baltic cod larvae have not yet been estxmated Whrle rates
,could beé obtamed by extrapolating information from other areas to the eastern Baltic "
'populatton this approach could lead to misinterpretations because growth rates vary wrth
local food conditions and genetically. (Suthers et al.. 1989,.1992; Blom et al. 1994). In
addition, temperatures expenenced by cod larvae in the eastern Baltrc are difficult to
esttmate because of vanabrhty in spawning time and larval vertical dtstrrbuttons The
strongest predtctlon we can make at this time is that, given sufficient prey, larval feedmg .
and growth rates should be hrgher later i in the year than earlier (Houde 1989 MacKenzre et.-'...
al. 1990) because of higher temperatures (Fig. 13). ’
. The influence of temperature on growth therefore needs further study, partrcularly
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given the wide range of temperatures to which larvae in the eastern Baltic are exposed, and
the potential for global warming to affect long-term temperatures in the Baltic (Matthaus &
Franck 1992). Variability in the timing of spawning coupled with seasonal warming is
likely responsible for interannual differences in end-of-year estimates of size of 0-group
cod (Kondratovich & Lablaika 1989). Future temperature-related studies might include
investigating temperature effects in.mesocosm or. laboratory studies,.deriving otolith- and. -
length-based growth.rates from field collected specimens, and reconstructing envrronmental
conditions experienced by larvae from otolith microchemistry (Campana et al. 1995)

~ Water temperature also appears to have indirect influences on recruitment in some
cod populations. For example, recruitment in northeast Arctic cod (as determined by
abundance at age 3+) is more likely to be above-average in years when the mean
temperature in Lofoten waters during the egg-larval phase (March-April) is > 3°C
(Ellertsen et al. 1989). This ﬁndmg may be partly due to detrimental effects of low
temperaturc on larval growth and survival (Laurence 1978; Campana & Hurley 1989). It
is unknown whether significant relationships exist between recruitment and temperatures
experienced during the egg and larval stages of eastern Baltic cod, but this issue could be
investigated further. .

Conclusjon: . | )

We have summarized some of the eastern Baltic cod literature pertaining to the
survival and growth of eggs and larvae. Several data gaps and opportunities for further
research have been identified. . One of the most critical is our lack of understanding of ...
factors affecting the timing and duration of spawning, and the seasonality of other
components of the Baltic ecosystem (i. e., oxygen concentrations; predation, prey
production rates) that affect egg and larval survival. In particular, until the seasonal
distribution of spawning activity is better described, it will be difficult to relate seasonal
and interannual variability in envrronmental conditions to egg and latval growth and
survival. e e, -~ ,

- We note that some 1mportant varrables affectmg long term reproductrve and
recruitment success of Baltic cod (e. g., oxygen concentration, cod population structure,
predator abundances) are to some extent already within human control. These variables .
can potentially be altered in ways that would benefit the cod population (e. g:; reducing -
nutrient loads to improve oxygen conditions, changing fishing practices to affect population
age structure and spawning time). However, successfully implementing these changes will
require a more thorough understanding of linkages between cod, its ecosystem and Baltic
fishing activities than is presently available. Hopefully such information willbe .- 3= .
" forthcoming soon so that it can be mcorporated into the future management of both cod and
its envrronment AU DO R U PO et
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Table 1, Long-term mean and standard dgviation of spawning stock biomass of potential
source populations of cod eggs and larvae to the eastern Baltic.

Region | Spawning Stock Biomass Data Source
(tonnes)

Skagerrak 22400 + 5300 ICES (1994c)

© Kattegat 23500 + 14200 ICES (1993)

Western Baltic 33000 + 12400 ICES (199%4a)
(Subd. 22, 24)

Eastern Baltic 467000 -+ 243000 ICES (1994a)

(Subd. 25-32)
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List of Figures -

Elguce 1. Map of Baltic Sea showmg ICES subdivisions and principle cod spawmng sxtes
in the eastern region. Modlﬁed from Bagge et al. (1993).

Figure 2. Abundance of cod eggs (no m’ ) in the Bornholm Basin by year (A) and day
number (B) as estimated by different investigators. Data points are mean values of several
tows within a survey. Sampling times are represented as midpoints of survey period.

Figure 3. Abundance of cod larvae (no.m’ ) in the Bornholm Basin by year (A) and day
number:(B) as estimated by different mvesngators Data points are mean values of several '
tows within a survey. Sampling times are represented as midpoints of survey period. In
panel (B), the numbers beside the solid circles represent the number of years for the ¢ given
larval abundance.

Figure 4. Interannual differences in cod egg abundance for 13 years when there were at
least 60 days between midpoints of the first and last surveys within a year. Data sources:
(A) Wieland (1995). (B) Miiller & Bagge 1984. (C) Wieland (1988) and Wieland (1995).
(D) Kindler (1949) for 1938 data, Miiller & Bagge (1984) for 1974 data and Wieland
(unpubl., 1995) for 1991-1993 data. Letters on panels indicate additional surveys
conducted by Plikshs et al (1993; P), Krenkel (1981; Kr), and Linkowski (unpubl.; L).

Figure 3, Annual population egg production for cod in ICES Subdivisions 25-32 (§olxd
line, filled circles) and the proportxon of this production contnbuted by cod aged 5+ in
different years (dotted line, open circles). Populatlon numbers and weight-at-age data from
ICES (1994a). Sex ratio by age, % mature-at-age, and body we1ght-1nd1v1dual fecundlty .
data were obtained from Berner & Vaske ( 1981) Weber (1989), and Kosxor & T
Strzyzewska (1979) respectxvely : R
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Eigu_e_& (A) Mean eg dlameter of cod eggs in lchthyoplankton samples from dxfferent )
spawning areas and months during 1963 (dashed line) and 1964 (solid line). Tnangles

" Bornholm Basin; diamonds: Gdansk Basin; circles: Gotland Basin. (B). Percent fat content

relative to live Wexght in stage IV cod eggs lrom females of dlfferent ages durmo two years
of study All data from Grauman (1965) T "," “"*_‘_‘ e
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: Figure 7, Hydrographxc conditions i m the central Bornholm Basin (1979 -1986:'55° 15' N, .
+ 16°00' E; 1987-1994: 55°17.5'N, 15245" E)...Data for.years.1979-1986, 1987-1992, and ; . .

1993-1994 are from HELCOM (1990; Monitoring station BYS), Wieland (1995), and
Wieland (unpubllshed) respectively. (A) The concentration of dissolved oxygen at 80 m
depth (B) The depth of 11 PSU salinity. (C) Thickness of the spawning layer as deﬁned '
by water having temperature > 1 5° C, sahmty > ll PSU and dlssolved oxygen
concentratlon >2 ml 1 ‘
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Figure 8. Relationship between mean bottom salinity at Schultz' Ground (southern
Kattegat) during November-December and the mean abundance of cod larvae in the Belt
Sea (ICES Subdivision 22) during April-May in the following year. Data {rom Poulsen
(1931, Table 12). The regression line for all years is y = 13.7x - 247 (R S5 P =
.06) ; if the outlier year (1923) is excluded the relation becomes y = 9.9:x - 178 (R” =
91; P = .006). This line is drawn on the figure.

Figure 9, (A) The midpoint and range of temperatures of maximum abundance of nauplii
of 5 species of copepods in the Baltic Proper. Ac: Acartia spp.; Pme: Psuedocalanus
minutus elongatus; T1: Temora longicornis; Ch: Centropages hamatus; E: Eurytemora
spp.. Data from Hernroth & Ackefors (1979; p. 50). (B) The mean and standard
deviation of water temperatures near Bornholm Basin (area bounded by latitudes 55°25°
and 55°00° and longitudes 16°01 “ and 15°28 ), as archived in the ICES hydrographic data
base. Data are monthly means of all observations recorded between 1960 and 1994 within
the 5 m depth interval centred at 2.5 m and within the 10 m depth interval centred at 30 m.

Figure 10, Horizontal distributions along a NNW-SSE transect through the Bornholm
Basin, 6 Aug 1984. (A) Salinity (ppt) at the depths of S m (5) and 10 m (0), biomass (mg
m ) of the cladocerans (L) and rotifers (R) in the upper 10-m layer. (B) Surface (1 m)
concentrations of nitrate (N, uM), chlorophyll a as extracted from water samples (C), and
the mean chlorophyll a concentration in the top 10-m layer as measured fluorometrically
(+, mg m "~ Kahru et al., 1986). Data reproduced with permission from M. Kahru and
Elsevier Science Publtshers - T
Eigu_e_lL Vertrcal dlstrtbutxons of densnty (srgma-t umts) and chlorophyll a (mg m’ ) on
the transect, 6 Aug 1984,  Arrows point to the frontal structures labeled I and II. An eddy-
like deformation of the thermocline (E) and two bottom-mixed ‘homogeneous water masses
(H) near shallow banks are labeled. Note the chlorophyll maximum in the low-salinity side
of front I and another maximum above one of the bottom-mixing areas. The contour
interval is 0.5 for chlorophyll, 0. 25 for the sigma-t range 4.5 - 6.5 and 1.0 for the sigma-t
range 7-10 (Kahru et al., 1986). Data reproduced with permission of M. Kahru and _
Elsevxer Science Publxshers T T T U S

(84 2
. e e B . . nee et an

th_ce_l;’._. Mean abundar{ée Of sprat eggs and larvae (A), zooplankton biomass (B), and
(C) chlorophyll a concentration at stations along a NNW-SSE transect over the Bornholm
'Basin. Striped zone on panel A indicates location of layer with temperature 10-16° C.
Distance between stations 1.5 nm (Raid, 1989). Data reproduced w1th permrssron of T

Raid, and the General Secretary, ICES, Copenhagen Denmark. R P o

Eigu_r_e_ll. ‘Mean ahd standard deviation of water temperatures near Bornholm Basin (area
bounded by latitudes 55°25 ° and 55°00 “ and longitudes 16°01 * and 15°28°). All data are

.from ICES hydrographic data base. Data are monthly means of all observations recorded
between 1960 and 1994 within the 10 m depth intervals centred at 30, 50 and 75 m.
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