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ABSTRACT

The effects of environmental factors on the population dynamics of pikeperch (Stizostedion
lucioperca (L.)) were analysed in the coastal areas of the northern Baltic Seaand in three lakes. The
thesis is a summary from seven articles based on long-term data collected mainly by different
Finnish and Estonian ingtitutes. The studied abiotic factors were air and water temperature, water
level and salinity, secchi disk depth, wind velocity and distribution, and the duration of winter. The
main studied biotic factors were length and abundance at age 0, and year-class strength and yields
during subadult and adult stages.

The study revealed that the most important environmental factor affecting the population dynamics
of pikeperch was temperature. Water temperature had positive effects on annual abundances,
growth, year-class strengths and yields. Mortality during the first winter was shown to be dependent
on size, but the ranks of year-class strengths were already established by the end of July during the
first growing season. The results further suggest that the size-dependent winter mortality should be
higher after cold than warm summers. The strong dependence on temperature is also seen in similar
year-class strength variations over different pikeperch populations. Strong year-classes were born
during warm summers and weak ones during cold summers. Other studied environmenta factors
had little or no effects on the population dynamics. This was probably due to the fact that the
interannual variations in these factors were within suitable levels and hence had no clear effects on
year-class strengths.

Pikeperch, as a warm water species, seems to benefit from predicted climate warming based on the
several positive effects of temperature on population dynamics. The results suggest stronger year-
classes and higher yields for pikeperch in awarmer climate. However, based on current knowledge,
it is not possible to evaluate the potential changes in interactions among abiotic and biotic factors
which might occur and which could cause unexpected surprisesin the future.
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Environmental factors and pikeperch

1. INTRODUCTION

11. Environmental factors and population
dynamicsof fish

Environmentd factors are suggested to be the main
source making noise to the recruitment data for
severd fish species (Shepherd e d. 1984,
Rothschild 1986, Myers 1998). Often the studied
abiotic factors have been climatologicd, such as air
temperature, winds or precipitation. The most
significant of these is undoubtedly temperature
(Shepherd et d. 1984, Myers 1998). This is due to
two obvious links. Firg of al, a strong coupling in
temperatures between amosphere and shdlow
water basin like the Baltic Sea exigts (e.g. Alenius
1989, Heino 1994), and secondly, because fish are
poikilothermal animas their body temperature
follows closdly that of water.

Changes in waer temperature affect ether
directly or indirectly the physology and behaviour
of fish (Coutant 1987). Fish seek temperatures
where the amount of energy avalable for
movement, growth and development of gonadsisin
optimum (Fry 1971). This is possible because fish
have wel-developed thermoreceptors (Murray
1971). Fsh adso exhibit ontogenetic shifts in
theemd niche. For many species the sdected
temperaturesin larva and juvenile stages are higher
than in adult stages (Coutant 1987). Therefore larva
and juvenile fish are often found in shallow waters
in littord zones and shdtered bays (Urho et 4.
1990). Characterigtic for these habitats are not only
higher water temperatures but more frequent food
supplies (Frankiewicz et d. 1996).

Generdly, mortdity is at its highest at the early
life sages. At the same time the susceptibility to
changes in environmentd factors is at its lowest.
Therefore an episodic change in an essentid
environmenta  factor can cause high mortaity
among lavd and juvenile fish (Rutherford &
Houde 1995 Kads 1996). After entering to
exogenous feeding the risk of mortdity reduces
while the juvenile fish grow. Fagt-growing juveniles
have usudly lower mortdity rates than dow-
growing ones (Pepin & Myers 1991). Thisis due to
better mobility of larger juveniles, opportunities to
find food and to escape from predators (e.g. Pepin
1991). On the other hand, increased activity of
larger juveniles can dso increase contact rates with
predators and may even result in higher mortaity
compared with smdler juveniles (Rutherford &
Houde 1995).

In northern latitudes increased mortaity aso
occurs during the firg winter. For severd fish
gpecies, often in laboratory conditions, winter
mortality has been shown to be dependent on size
(Post & Evans 1989, Huusko & Eironen 1995,
Kirjasniemi & Vdtonen 1997). Hence the growth
rate and the size of juvenile a the end of the first
growing season should be closaly related to possible
Sze-dependent mortality during the first winter. In
addition to the size of the juvenile aso the duration
of winter is important. The longer the winter the
more severe winter mortaity of the same dze
(Johnson & Evans 1991). Since the duration of
winter increases towards north while the duration of
growing season decreases, the overdl levels of
winter mortality should also increase (Shuter & Post
1990).

According to Shepherd e d. (1984) three
potential causes for variations in recruitment of fish
socksare generdly involved. These are:

1) environmenta factors (climate, tidd conditions
etc),

2) the abundance of the parent ock asawhole (the
stock-recruitment effect), and

3) the abundance of predators on, or compstitors, of
the pre-recruit stages (ecologica interactions).

Further Shepherd et d. (1984) suggested that the

environmentd factors are likely to affect fish stocks

viafour principa processes, which are;

1) direct physiologicd effects,

2) disease,

3) feeding, and

4) predation.

Any of these may result in ether direct mortaity or

sublethal reduction in performance.

Environmenta factors covary over large aress
(Mdcher & Schonwiese 1987, Heino 1994, Myers
et d. 1997). So if the fish stocks are affected by
these environmenta factors, the stocks should aso
fluctuate smilarly over different areas (Shepherd et
a. 1984). Recent andyss of long-term data has
shown this for many species among severd
populations (Myers et d. 1995, Myers et d. 1997,
McKinnel & Karlstrom 1999).

The relationships between environmentd factors
and biotic variables, such as abundances, year-class
srengths or yidds, have been generdly studied with
corrdation and regresson andyses (Svardson &
Molin 1973, Buijse & Houthuijzen 1992). The use
of these methods has the potentia danger that the
obtained relationships, even though datidticaly
ggnificant, ae Spurious, eg. Mmeaningless.
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Therefore two widely used approaches are 1) to
formulate hypothess a priory based on ealier
findings, or 2) to evauate the possible spuriousness
of the rdationships poderiory. The possble
spuriousness has been estimated by comparing the
obtained results with other smilar studies with the
same or closdly related species. Itisaso typicd that
a possble cause and effect mechanism s
postulated, but any mechanisms cannot be proved
based on these andlyses.

1.2. Pikeperch

In the present thess the relationships between
environmenta factors and the population dynamics
of pikeperch (Sizostedion lucioperca (L.) ae
studied. Pikeperch can be characterized as a warm
water species with preferred temperature from 24
up to 29°C (Hokanson 1977). It belongs to family
Percidae (195 species) and to genus Sizostedion (5
species) (Nelson 1994, Song et d. 1998). Two other
Percidee species, perch (Perca flumatilis L.) and
ruffe (Gymnocephalus cernuus (L.), ae dso
common in the same northern waters as pikeperch
(Callette & Banarescu 1977). More closdly rdated
four Sizostedion species are found in eastern and
southern Europe (S volgends (Gmein) and S
marina Cuvier), and in North America (wdleye (S
vitreum (Mitchill)) and sauger (S canadense
(Smith))) (Collette & Banarescu 1977).

Of the Percidae family most intensvely sudied
are the commercidly important species like perch,
yedlow perch (Perca flavescens (Mitchill)),
pikeperch and waleye. All these species show large
annud variationsin stock Szes, year-class strengths
and in yidds (Neuman 1974, Willemsen 1977,
Koonce et d. 1977, Lehtonen et d. 1996). This has
led to amilar amed studies to search the possble
reasons behind the variations. Severd extensve
dudies, paticulaly with perch and wadleye
(Neuman 1974, Bohling et d. 1991, Buijse et d.
1992, Karés 1996, Baccante & Colby 1996), have
inspired to search anadogous relationships dso with
pikeperch. One should note, however, that walleye
and pikeperch are not as closaly related as perch and
yellow perch (Thorpe 1977, Faber & Stepien 1998,
Song et a. 1998). According to reviews by
Marshdl (1977) and Hokanson (1977) large
differences can be found between the two
Sizogedion species in tolerances to severd
environmenta factors. Thus, the results obtained
with walleye probably cannot be directly applied to

pikeperch.

Among the firg studies of climatic effects on
pikeperch isthe work by Svardson & Malin (1973).
They showed tha the growth rates of pikeperch
depend on temperature and that the growth declines
towards north in six lakes in Sweden. They further
showed that the year-class dtrengths corrdated
positively with ar temperature and that the year-
class strengths fluctuated in the same way between
two lakes, Lake Mdaren and Lake Hjdmaren.
Others have shown that the environmenta factors
caudng vaidions in year-class drengths of
pikeperch ligts, for example, the sum of degree days
over 14°C (Willemsen 1977), high summer
temperatures (Buijse & Houthuijzen 1992), low
water temperatures in early oring and subsequent
rapid increases in water temperatures (Buijse et d.
1992), and wind direction and speed during the
spawning period (Woynarovich 1963). Kirjasniemi
& Vdtonen (1997) showed the presence of sze-
dependent winter mortdity for pikeperch in a
laboratory study. Svéardson & Molin (1973) even
speculated that the ultimate factor creeting
dominant year-classes might be mortality during the
fird winter in Scandinavia However, only few
dudies have dedt with winter mortdity of
pikeperch in natura habitats (Willemsen 1977).

Pikeperch is important both in recreationd and
commercia fisheries, but the annud yidds are
highly variable (Svardson & Moalin 1981, Buijse
1992, Buijse et d. 1992, Lehtonen et a. 1996).
Attempts have been made to dabilise these
vaiations with different management measures
such as juvenile stockings. Y et no stabilisation has
been noted (Buijse e d. 1994), even though
stockings have increased catches in some lakes
(Sutda & Hyvéainen 1998). Unfortunately high
annuad variations in sock dzes can lead to
ovefishing and may even collgpse fish stocks
(Swartzman et d. 1983, Colby & Lehtonen 1994).
Collapses have been noted adso for pikeperch.
According to Colby & Lehtonen (1994) pikeperch
stocks in severd lakes collapsed during 1940 -
1970. This coincides with the period of declining air
temperatures, and replacement of cotton nets by
nylon ones.

Mgority of the pikeperch populations studied
here are Stuated near to the northern limits of the
species range. The preferences for warm waters
and, on the other hand, lower than optima
temperatures in the northern Europe should
promote the effects of climaic factors on
population dynamics of pikeperch. Environmenta
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factors, especidly temperature, are more important
a the limits of digribution range than near the
centre (Planque & Frédou 1999). According to
Myers (1998) an obvious advantage of the nearness
to the northern limits is tha the influences of
environmentd factors are generally smple enough
to be understood. Further, if the mortdity during the
first winter is the ultimate factor creating dominant
year-classes in Scandinavia as suggested by
Svardson & Molin (1973), it should stand out in the
present materias.

1.3. Objectivesof thethessand original articles

The man objective here is to evduate the
importance of environmenta factors on the
population dynamics of pikeperch. The primary
emphasisis put on the first year of life, and on the
beginning of the first growing season. Since the
studies began within the climate change programme
"SILMU" initiated by the Academy of Finland (111,
V-VII), the possble effects of temperature on
pikeperch populations were estimated first (V, VI,
Lappdanen & Lehtonen 1997, Lappdainen et d.
1997). It was predicted then that air temperatures
will rise by 3 - 7°C by the year 2100 in northern
Europe (Carter et d. 1995, IPCC 1995), which
probably has great effects on wind patterns,
precipitation and evaporation rates, stream flows
and wae levds and cetanly on water
temperatures (Elo et d. 1998).

Even though Shepherd et d. (1984) pointed out
three potentid causes influencing recruitment (see

the lig in Chepter 1.1), only the effects of
environmenta factors were sudied (I-VI1). The
evduaion of the two other causes, sock-
recruitment effects and ecologicd interactions, were
beyond the initid scope within the "SILMU"
progranme.  However, no  stock-recruitment
relationships have been noted for pikeperch
(Willemsen 1977, Buijse et d. 1992, Mooij 1996),
while the possible effects of ecologicd interactions
are discussed later in Chapter 3.

The present thesis focuses on pikeperch, even if
perch was dso studied in most of the articles (1, I'V-
VII). The firg two articles included evaduate the
effects of environmenta factors on pikeperch
during the first year of life (I, I1). Articles |11 and
IV combine the abundance estimates during the
firgt year of life with the subsequent yields and year-
classes in subadult and adult stages. In articles 1-1V
the effects of water temperature on growth and
abundance of age-0 pikeperch were studied. The
timing of sampling was, however, different.
Sampling was peformed ether during the firg
growing season (1, 1V), or after itinautumn (11, 1)
(Fig. 1. In aticdes V and VI the reaionships
between severa environmental factors and year-
class strength variations were evauated, whereasin
the last article (VI1) no environmenta factors were
studied, but the study only focused on the variations
in year-classes between species and populations.

Environmental Biotic factors
factors
/;’ Abundance ‘ ’ Abundance } —-
Air -
temperature /i
Water /%\
temperature =
 —
Water level L -
) T Year-class stren?th
Winds, — populationg
salinity, N =<
turbidity, | & >/ i
duration of — Year-class stren tth
: ’ Length ‘ ’ Length ‘—»’ Length ‘ populationp
winter
Time First summer First autumn | Second spring; Third spring ->
scale May-Aug.; |, IV iSept.-Nov.; I, lIl.  May-June; Il May-; lHI-VII

Fig. 1. Overview of the studied relationships. Bold Roman numerals refer to each article.
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The specific objectives in each of the seven
articles were:
to evaluate the validity of size and

abundance estimates obtained with a beach
seine (1),
. to study the size-dependent winter

mortality of age-0 pikeperch (1),

to study the factors affecting abundances
at autumn and subsequent yields (111),

to evauate the relative weights of both
size and abundance at age 0 on the formation
of year-class strengths of perch and
pikeperch (1V),

to estimate the effects of environmental
factors on year-class strength variations of
four speciesin severa populations (V),

to evaluate the effects of environmental
factors on year-class strength variations in
one pikeperch population (V1), and

to compare the year-class variations of
pikeperch and perch between species and in
relation to geographical distance (VI1).

To achieve the specific objectives the size
and abundance estimates at age 0 were
compared with the number of day, air and water
temperature during the first growing season (1).
In article I1 it was hypothesised that if winter
mortality is dependent on size, al factors
affecting the length at age O will aso affect
winter mortality. The purpose was two-sided in
article I11. First the effects of mean monthly
water temperature and water levels on
abundance in autumn were analysed. Thereafter
the autumn abundances and water temperatures
were compared with the subsequent yields in
commercia catches. In article IV interactions
among abundance and size of age-O pikeperch,
duration of first winter, and year-class strength
were studied. The last three articles focused on
environmental factors and year-class strength
variations of pikeperch (V-VII).

The present thesis has four specific aims,

which are:
1) to evauae the effects of water
temperature on length, growth and
abundance of age-0 pikeperch during the first
growing season (1-1V),

to study the link between the abundance at
age-0 with the subsequent year-class
strengths and yields (11-V),

2)

10

3) to study the effects of environmental
factors on the year-class strength variations
(v-Vll), and

to summarize for the effects of
environment factors on the population
dynamics of pikeperch in the northern parts

of its distribution range.

4)

2. MATERIAL AND METHODS

2.1. Study areas

The dsudy area covers the Bdtic coastd waters
between latitudes 55 — 61°N and lakes Lohjanjarvi,
Md&8aren and Hjdmaren (Fig. 2). In the northern part
of the sudy areain the Bothnian Sea, the salinity of
the surface water isup to 3 - 5 % and in the
southwestern coast of Finland 5 - 6 %o. There isno
tidein the Bdtic and the water level mostly depends
on winds and ar pressure. In shdlow inlets and
bays temperatures of 20 - 25°C are reached amost
annudly. The coastd waters are normdly ice-
covered for 3 - 4 months in southwestern Finland,
and more than 6 months in the northernmost parts
of the Bdtic Sea. The interannual variations in ice
cover are smal in the northern Bdtic, whileice-free
winters occur outdde the archipdago in
southwestern  Finland. Panu Bay and Lake
Lohjanjarvi are generdly ice-covered an average of
140 days each winter.

Four coastd pikeperch populations were studied
more closdy: Lagdahti Bay (1), Vanhankaupun-
ginlahti Bay (I, 1V-VII) and Vartiokylanlahti Bay
(1) in Anland and P&mnu Bay (11, II1, VII) in
Egonia. The three Finnish bays are dl Stuated
closdy to each other in the waters off Helsinki. The
distance between the most distant bays, Lagjaahti
Bay and Vartiokylénlahti Bay, is about 13 km.
Lagjdahti Bay, 5.25 km?, is the largest of the bays,
while Vanhankaupunginlahti Bay and Vartiokylan-
lahti Bay are smaller, 504 km? and 3.34 km?,
respectively. All are relatively shdlow with a mean
depth of 1.4 - 24 m and a maximum depth of <5
m. Parnu Bay is the largest of these bays, 340 km?
It is Stuated in the northeastern Gulf of Riga. The
greatest depth is8 min the centrad part of the bay.

The water sdinity in Vanhankaupunginlahti Bay
(0 - 3 %o) islower than in the two other bays (3 - 6
%0) off Hesnki, especidly during the pesk
discharges of the Vantaanjoki River. The mean
monthly Secchi disk depth variesfrom 47.7 cm (SD
=222, n=35)inJuneto 286 cm (SD =136, n=
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36) in August. Sdlinity variation in Vanhankaupun-
ginlahti Bay issimilar to that in Parnu Bay. Near the
outlet of the River Parnu water sdinity varies from
0 - 0.8% to 55%. during spring and autumn,
repectively. Both Lagidahti Bay and Vanhankau-
punginlahti Bay have been dowly recovering from
high loads of nutrients, whereas the water quaity in
Vartiokylanlahti Bay has been good during the
whole study period (Pesonen et . 1995).

2.2. Environmental data

The meteorologicd data, daily mean air temperature
(°C), wind velocity (m s7), and precipitation (mm),
were obtained from the Finnish Meteorologica
Indtitute (1, 1V-VI). The daa on the formation,
duration, and melting of the ice and aso the water
level measurements were obtained from the
publications of the Fnnish Inditute of Marine
Research (1V, V). Water temperature, water sdinity
and Secchi disk transparency data were obtained
from the City of Hesanki, Centre for the
Environment (I, VI). The effects of water
temperature on lengths and abundances of perch
and pikeperch were esimated based on the
moddled daly water temperature in waters off
Hesnki (I, 1V), whereas the daly water

temperature measurements were available in Parnu
Bay (I1, 111).

In aticles | and |V daly water temperature
esimates were based on modelled vaues. This
gpproach was chosen because water temperature
was measured only approximately once a week.
Another reason for modeling was that the water
measurements in different bays were not from the
same days. Therefore the daily water temperatures
at dl the three bays were estimated with a dynamic
model based on mean air temperature at Kaisaniemi
wesgther station (60°10', 24°57"):

WT=a+WT. +b* (ATt.l- WTt.l) (1)
where WT; presents water temperature a day t, AT;
isthe air temperature at Kaisaniemi weather sation,
aand b are congtants. The congtants were estimated
using the method of minimum sum of squares. The
modelling showed that the daily water temperatures
for the years 1982 - 1989 could be estimated with
reasonable accuracy (r° = 0.87 - 0.92). The models
gave dgmilar results when edimated with
independent data in years 1990 - 1993 (r* = 0.85 -
0.94;1).

Vanhankaupunginlahti Bay
Laajalahti Baly \Vartiokylénlahti Bay

Lake Lohjanjarvi

H\amina

Parnu Bay

Fig. 2. (a) Locations for used pikeperch materials. Two areas, (b) waters off Helsinki and (c) Parnu Bay, were
studied in more detail. (a) Pikeperch occurs in the shaded area in the Baltic Sea (Lehtonen et al. 1996).

11
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The effects of water temperature on length and
abundance were studied using a degree-days (DD)
over a cetan threshold temperature (Buijse &

Houthuijzen 1992, I, 11, IV). This was cdculated
s
D
DD=Y (WT-TH),WT=>TH 2
i=1

where D is the previous day of capture, i first day
when WT = TH, WT isdally water temperature and
TH the threshold vaue. In articles | and |1 severd
different threshold values were andysed, 10 - 15°C
and 10 - 16°C, respectively, whilein article IV only
onethreshold vaue of 10°C was used.

2.3. Fish data

The fish materids were obtained from the City of
Hesnki (1, 1V), from the Estonian Marine Indtitute
(1, T, VI and from the Finnish Game and
Fisheries Research Indtitute (1V-VI11). The data for
Lake M&8laren and Lake Hjdmaren were obtained
from Svéardson & Moalin (1973), and that for Kurish
Haff from Gaygdas & Gyarulaytis (1974) (VI11).

Beach seine was used in percid sampling in the
water off Helsnki (I, 1V) and juvenile trawl in
Parnu Bay (11, 111). The beach seinewas 2.5 m deep
and had an am length of 10.5 m. The mesh sze
was 5 mm and 1 mm &t the cod end. The seine was
st gpproximately 20 m from a boat or the beach,
and thereafter pulled by hand towards the boat or
the beach with ropes. In Panu Bay juvenile
trawling took place in August-October and in May
and the beginning of June (11, I11). The length of
ground rope was 22 m and the mesh sze 6 mm at
the cod end.

Age0 fishes were conserved in 4%
formaldehyde in the field and later counted and
measured for total length (TL) (mm) in laboratory
(1, 1V). The lengths were reported as means and
dandard deviations for each haul and species. In
each bay 10 dations were hauled 3 - 4 times per
summer. Average length was caculated weighting
the reported mean length with the number of
juveniles in each haul. In Pamnu Bay the mean
lengths and abundances were based on catches in
oneday (I, I11). Length was measured as standard
lengths (SLs) to the nearest mm. Abundances were
expressed as the mean number of age-0 pikeperch
in the juvenile trawl per haf an hour. Length
digtributions were available at age 0, whereas only
minimum, mean and maximum lengths were
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known a age 1. Age-0 pikeperch were distributed
to 10 length groups based on their standard length
amn.

Subadult and adult pikeperch samples were
collected from both commercia pikeperch catches
and from the test fishings preceded by the Finnish
Game and Fisheries Research Ingitute (IV-VII).
Samples were taken during the spawning period in
May and June with gill nets. The gill nets were
monofilament nets 30 m in length and 1.8 m in
depth with a mesh size of 45 mm. The fyke net
samples of pikeperch were obtaned from
commercia catches in Vanhankaupunginlahti Bay

(V1).

2.4. Calculation of year-classstrength

The vyear-class drengths of pikeperch were
cdculated in 12 populations according to the
method of Svérdson (1961) and adjusted by
Neuman (1974) (IV-VIl). For the andyss
pikeperch were aged from scdes. The year-class
strength was caculated in dmost dl cases from the
annud catch sample of 100 - 300 fish. The relaive
year-class drengths were edtimaed sepwise
beginning with cdculation of the age-group
digribution percentage in the yealy samples.
Thereefter, the mean age digtribution percentage for
each age-group during the entire period was
established. In the next step, the various year-classes
in different years were expressed as percentages of
this mean age digtribution. The relative year-class
grengths were the mean of these percentages (e.g.
Bohling et d. 1991).

The most important prerequisite for this method
is that dl fish samples are collected using the same
equipment in different years. All pikeperch were
collected with smilar gill nets The second
prerequisite is that the variaion in natural mortaity
after thefirst year of lifeislow, as has been noted in
many dudies concerning pikeperch (Dedder &
Willemsen 1964, Willemsen 1977, Van Densen &
Grimm 1988, Sonesten 1991). The use of this
method aso presupposes that the fish collected
have been hatched in the same area and that the
larvae and juveniles remain in the nursery area or
near it during the firss summer. Pikeperch fulfil
these requirements because the homing behaviour
towards the same spawning areasis well devel oped
and the juveniles leave the nursery area in late
summer or in autumn (Lehtonen & Toivonen 1987,
Urho et d. 1990).
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The advantage of the method is that no
esimations of the mortdity are needed if dl the
other above-mentioned prerequisites are fulfilled.
The disadvantage is thet if the annua growth of the
fish varies greetly, the method could overestimate
the rdlative year-class strength in rgpidly growing
year-classes. This error was minimised by using
only year-class indices based on catches from at
least three-year-long periods (1V-VI1). In aticle [V
the youngest and oldest age-groups to be included
in cdculations were dso estimated based on the
lowest cv. (Hudd et d. 1996). This method or
modifications of it has been used recently by Wyett
(1988), Bohling et d. (1991) and Lehtonen et d.
(1993).

The relative year-class srengths were estimated
from samples in two gears in Vanhankaupun-
ginlahti Bay (V1). The gill net samples (n = 4080)
were collected during 1977 - 1994 and the fyke net
(n = 3638) samples during 1980 - 1991. The year-
class strengths were caculated from age-groups 2 -
8 and 3-9in gill netsand in fyke nets, respectively.
The comparison showed tha both gears gave
amilar esimates from the redive year-class
srengths in Vanhankaupunginlahti Bay during the
years 1973 - 1986 (r = 0.90, p < 0.0001, n = 14,
both log-transformed).

25. Statigtical analysis

Severd datidicd andyses such as correation,
partid correlaion and regresson andysis were used
inincluded articles (I-VI1; Table 1). The year-class
drengths were In-transformed to achieve normal
digributionsin aticlesV-VII. Becausein aticle |V
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Spearman rank correlaion analysis was used no In-
transformations were needed. The posshility of
spurious relationships were reduced by carefully
evauating the rationality of the used environmenta
factors. The bas ¢ assumption was that the matching
of environmenta and biotic factors should be as
close as possible both spatidly and temporarily (1-
V1). Furthermore, the more precise and accurate
edimates should adso yied higher datidtica
sgnificances. Such an gpproach was used in article
[, in which the relationships between growth and
time, ar temperature and water temperature were
studied. On the other hand, since the most emphasis
was put on annua differences in dl the articles (I-
VI1), even an annua index of environmenta factors
may be used and could reved the underlying
rel ationship between the sudied factors.

The statigticd level of sgnificance was usudly
st a p < 0.05. The exact p-values and descriptions
of the gatisicd methods are found from the
origind articles (I-VII). The word "effect” as used
here indicates only that the analyss was found
sgnificant. The possible mechanisms behind could
be ather direct but dso indirect affecting though
some other underlying factor. Thus, even though
not always used, the word "effect” should be reed as
"potentid effect” or "possible effect”.
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Table 1. Summary of used statistical methods in original articles (I-VII). DDy is temperature sum over
certain (X) threshold temperature and YCS s relative year-class strength.

Article Estimation Statistical methods Vaiables
|  Effectsof water temperature on Spearman corrdation, Length, abundance, DD, time
lengths, growth and CPUE generd linear modds,

nonlinear regresson
Il Size-dependent winter mortaity Spearman corrdation Lengthsat ageOand age 1

Juvenile growth Spearman correlation Length at age 0 in autumn and
DD1o-DD1g
Effects of duration of winter Partid Spearman Deviations from length
correlation differences between age 0 and
age 1 againgt duration of ice
cover
Effects of water temperature Logigtic regression Proportion and DD1s
on the proportion of different
sSzed juvenilesat first autumn
Il Effectsof environmenta factors Pearson corrdlation Abundance, water temperature
on autumn abundances and level
Factors affecting to yidds Regresson andysis Abundance and water
temperature
IV  Effectsof water temperature on Nonlinear regresson Size, abundance, DD;o
length, CPUE
Effects of water temperaturesum  Spearman correlation YCS, DDyo
onYCS
Partid reationships Partid Spearman Devidions of abundance, Sze,
correlaion DDjoon 31 duly and YCS
V  Effectsof environmentd factors Pearson correlaion YCS, air temperature, wind
onYCSs velocity, precipitation,
formation, duration and melting
of ice cover
VI  Effectsof environmentd factors Pearson corrdation, partid Y CS, winds, water temperature,
onYCSs correlation, regresson levd, dinity, and transparency

VIl Annud differences, amilaritiesand  Mann-Whitney U-tes, YCS
vaiationsin Y CSsof perch and Kendal’s coefficient of

pikeperch concordance, cluster
andysis
Effects of distance Pearson correlation Y CS, distance between

populations
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3. RESULTSAND DISCUSSION

3.1. Effects of firda summer on population
dynamics

3.1.1. Temperature

3.1.1.1. Abundance

The sgnificance of firs growing season on the
population dynamics of pikeperch was obvious (I-
V11). The most important environmentd factor was
temperature (I-VI). An gpparent increase in
significances among different temperature estimates
was found from ar temperature to water
temperature, and to water temperaure sums
estimated as degree-days over a certain threshold (1-
VI1). The higher the value for the accumulated
degree-days, the more abundant pikeperch juveniles
leading to higher yields and stronger year-classes
(111-VI, Willemsen 1977, Buijse & Houthuijzen
1992).

Willemsen (1977) and Buijse et d. (1992) found
no stock-recruitment relationship for pikeperch in
Lake I1Jssd. This was seen as ddidicaly
nonggnificant correlations between spawning stock
and abundance of age-0 pikeperch in August
(Buijse et d. 1992), between larva abundance and
juvenile abundance, and between larva abundance
and commercia catches (Willemsen 1977). On the
other hand, summer water temperatures were
positively correlated with autumn abundances (111,
Buijse et d. 1992), and autumn abundances were
pogitively corrdlated with commercia catches both
in Lake IJssd (Willemsen 1977) and in Parnu Bay
(111). In another lake in the Netherlands, in Lake
Tjeukemeer, no reationship exised between
spawning stock and larva abundances of pikeperch
in May and June, but the larval abundances were
pogitively reated with autumn abundances (Mooij
1996). Thus, dl these results suggest that no direct
relationship exists between the spawning stock and
larvd abundances of pikeperch, but abundances
during the late larval stages should be correated
with the abundances in autumn. The results further
suggest that water temperature has strong positive
effects on larvd surviva, because summer (1) and
autumn abundances (111) were positively correlated
with water temperature during the larva stages.

The falure to show the stock-recruitment
relationship is a fishery management problem.
Intuitively such arelationship must exis, at least a
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the lower stock szes (Colby & Lehtonen 1994,
Myers et d. 1994), but the sochagtic effects of
temperature cause huge annud variaions in larva
mortalities. No stock estimates for pikeperch were
available, but the results here (I-VI) and esewhere
(Willemsen 1977, Buijse et d. 1992, Mooij 1996)
suggest that if the negetive effects of temperature on
larval survival could be taken into account, smilar
stock-recruitment relationship for pikeperch should
emerge as has been showed for other fish species
(e.g. SAgjavi 1992, Planque & Frédou 1999).

Water temperatures during June and July had the
strongest postive effects on the coming year-class
grength, while those in May seemed to have no
effects (1V-VI). This is in accordance with the
knowledge of the timing of spawning of pikeperch
(Svérdson & Moalin 1973). Usudly pikeperch starts
to spawn in late May or early June when water
temperature has reached 10 - 14°C (Hokanson
1977, Sonesten 1991, Colby & Lehtonen 1994,
Lappdanen et d. 1997). During warmer springsthe
onset of spawning is earlier than during colder ones
(Erm 1981, SdAminen et d. 1992). The onset of
spawning matches rather closdy with the lowest
temperature (8°C) where the norma development
of embryos is possble, and to optima temperature
(12°C) where the highest number of norma
embryos is hatched (Muntyan 1967). The rate of
development of eggs and early larva growth aso
depends on temperature (Muntyan 1967,
Geldhauser 1992).

Even though mortaity was not studied here, the
steadily stabilizing decline after the peak abundance
found in aticle | was most likely caused by the
decrease in natura mortdity as the juveniles grew
(Fig. 3). Some part of the decline may be due to
outward migration of age-0 pikeperch or dueto gear
avoidance (1V). Similar declines have been noted
for severa fish species including pikeperch during
the first growing season (Beyer 1989, Pepin 1991,
Sdojarvi 1992, Houde & Zastrow 1993, Dérner et
a. 1999). Asthe body size increases, ingtantaneous
naturd mortdity decreases (Miller et d. 1988,
Pepin & Myers 1991, Rice et d. 1993, Houde
1997). The reaults in articles I-1V fit very well to
the theory of stage-specific survival as suggested by
Houde (1997). During larva stages in June (eg.
early summer) instantaneous mortaity of pikeperch
is higher than weight-specific growth, which means
that biomass is decreasing. Later on when the
mortality reduces sufficiently as the juveniles grow
the welght-specific growth surpasses the mortality,
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and the biomass darts to increase. According to
Houde's theory, this should dso match with the
edtablishment of the year-class dtrength, eg. the
period from late Juneto late July for pikeperch (Fig.
3).

The year-class drength of pikeperch was
established in Lake 1Jssdl in August (Buijse et d.
1992), whereas the same was noted in
Vanhankaupunginlahti Bay in lae July (IV).
Necessarily there is no discrepancy between the two
studies due to different sampling periods. Buijse et
a. (1992) had no abundance estimates for July and
only three year data for abundance in June, while

Abundance (Log)

v A

we (1V) had rdiable abundance data only for the
late July. So more frequent sampling in both sites
during summer months might have yielded smilar
results. Because the spawning of pikeperch and the
rate of development of eggs and early larva growth
are dl pogtively corrdaed with water temperature
(Muntyan 1967, Erm 1981, Sonesten 1991,
Geddhauser 1992, Sdminen et d. 1992), the period
for the highest larval mortalities should be earlier
and the duration of this period shorter in the
southern  populations than in  the northern
populations.

+ Water temperature & Abundance (first autumn); IlI
+ Water temperature & Year-class strength (2 - 8 years later); IV, VI

+ Abundance & Year-class strength (2 - 8 years later); IV

+ Abundance (4 years sum) &
Yields (6 - 9 years later); Il

Warm summer

———pMemsumm
&

Cold summer
.4 ]

-

June
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September

Fig. 3. Positive correlations found between water temperature during the first summer and different abundance
variables. The timing of these correlations is marked with arrows. Each line, divided to dotted, hatched and solid
parts, shows hypothetical changes in abundances during different summers in respect of water temperature.
Dotted part presents increases in abundances as larvae are still hatching, hatched part shows period for highest
mortalities, and solid part presents observed declines in abundances (I). Bold Roman numerals refer to each

article.
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3.1.1.2. Length and growth

During warm summers age-0 pikeperch grows
faster and the sizes obtained by the end of growing
season are greater (I, II; Fig. 4a; Buijse &
Houthuijzen 1992, Ruuhijarvi et al. 1996).
According to several authors (Erm 1962, Erm 1981,
Ruuhijérvi et al. 1996, Hansson et al. 1997a), most
of age-0 pikeperch are nonpiscivorous in waters
near the northern distribution range. The late shift to
larger fish prey could be due not only to cold
waters, but also to the lack of suitably sized fish
prey. In Finland, almost all fish larvae are still too
large to be potential prey for juvenile pikeperch
several weeks after hatching (Urho 1994). The main
shift to piscivory, therefore, appears to occur during
the second growing season in waters near the
northern limits of pikeperch distribution (Erm 1981,
Ruuhijarvi et al. 1996, Hansson et al. 1997a). In
more southern localities, such as in Lake IJssel, age-
0 pikeperch > 10 cm TL are able to prey on smelt
(Osmerus eperlanus (L.)) during the first growing
season (Buijse & Houthuijzen 1992). Since
piscivorous pikeperch grow more rapidly than
planktivorous pikeperch even at same water
temperature (Van Densen 1985a, Mooij & van Nes
1998), the large differences found in mean lengths
between Lake IJssel and Pidrnu Bay, especially
between 350 - 500 degree-days (Fig. 4b), could be
due to different proportion of piscivorous (Lake
Dssel) and planktivorous (Pédmu Bay) pikeperch.
The same has been found also in some lakes in the
Netherlands where annual variations in the
proportion of planktivorous and piscivorous
pikeperch cause considerable variations in mean
lengths attained during the first growing season
(Van Densen 1985a, Van Densen 1985b, Van
Densen et al. 1996, Mooij & van Nes 1998).

Diet of age-0 pikeperch was not studied here, but
it is known that larval pikeperch are planktivorous
(Erm 1962, Erm 1981). Pikeperch spawn in Pirnu
Bay in early June. Until early July, the primary food
items for age-0 pikeperch are small-sized
zooplankton (Copepoda nauplii and adults), while
from July to September food consists mainly of tiny
sand goby larvae (Pomatoschistus minutes (Pallas))
and larger macroinvertebrates, such as Neomysis
integer Leach and Corophium volutator (Pallas)
(Erm 1962, Erm 1981). On two of the three studied
bays off Helsinki the total biomass of zooplankton
was positively correlated with water temperature
(Pellikka & Viljamaa 1998). This implies that
during warm summers the abundances and

biomasses of both age-0 fish and zooplankton are
higher that during cold ones (I, Pellikka & Viljamaa
1998). On interannual basis, however, the effects of
food must be rather small. Otherwise it could be
very difficult to explain the positive correlations
between growth and water temperature (I, IT), water
temperature and abundance (I, III), and also the
positive  correlations between growth and
abundance (I, IV) with the year-class strength (IV).
These findings are in accordance with Mooij et al.
(1994). They concluded that in most years the
growth rate of 0+ planktivorous fish, such as perch,
pikeperch, ruffe, bream (Abramis brama (L.)) and
roach (Rutilus rutilus (L.)), was not food limited.
The only exception was piscivorous pikeperch. The
variation in growth rate of piscivorous pikeperch
could be explained by the higher availability of
smelt in warmer years.

-
N

[ ]
(a) ° o0
T “ ®
E I LY
< 8f s
= oqe ® ®
< |
=l e
= (Rl
5 ¢ =2
2 \
= |
2r L — 1
0 1 1 1 1 1
0 200 400 600 800 1,000 1,200
Water temperature sum (>10°C)
18
- (b) ol
el *
S1af » %
=141 ¢
= L
AR
% - ° ‘. o>
s10[ (i
c i A [ J
© -
o 8 °
= LY 00
6 [
L 1 1 1 1 1
%00 200 300 400 500 600 700

Water temperature sum (>14°C)

Fig. 4. (a) Comparison of mean lengths of age-0
pikeperch in relation to water temperature in three
bays off Helsinki (open boxes; I) and in Péamu Bay
(black circles; Il); and (b) in Parnu Bay (black circles;
ll) and in Lake lJssel (black diamonds; Buise &
Houthuijzen 1992).
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The effect of diet is seen indirectly in length
distributions and skewnesses during the first
autumn (IT). The onset of piscivory usually results
in positively skewed length distributions, which
later on changes from positive to negative
indicating main  shifts in feeding from
zooplanktivory to piscivory (Van Densen 1985b,
Buijse & Houthuijzen 1992, Van Densen et al.
1996). Though the skewnesses and mean lengths
were not correlated either in Pirmu Bay (II) or in
Lake IJssel (Buijse & Houthuijzen 1992), a
significant negative correlation was found when
these two data sets were combined (r; = -043, p <
0.05, n = 52; Fig 5; see also Van Densen et al.
1996). In Pirnu Bay, but also in Finland, the length
distributions of age-0 pikeperch are usually
positively skewed after the first growing season (11,
Ruuhijérvi et al. 1996), suggesting that the main
shift to piscivory occurs during the second growing
season.

Density-independent factors seem to rule over
density-dependent ones in the studied populations
of pikeperch in the Baltic Sea. However, the
situation may be different in lakes at least in certain
years. In Finland pikeperch occurs naturally in lakes
larger than 10 ha (Lappalainen & Tammi 1999). In
Lake Hiidenvesi, located in southern Finland (lake
area 30.3 krnz, Tallberg et al. 1999), after the very
warm summer 1999 abundances of age-0 pikeperch
were several times higher than after the colder
summer 1998 (Olin & Ruuhijirvi 2000,
Lappalainen et al. unpubl.). In October 1999 age-2
pikeperch were found to be cannibalistic eating age-
0 juveniles (Vinni unpubl.). This is in accordance
with the findings in Sulejow and Bautzen reservoirs
(Domer et al. 1999, Frankiewicz et al. 1999). In
Sulejow  reservoir  substantial  cannibalistic
behaviour was observed in years with a high
number of age-0 pikeperch (Frankiewicz et al.
1999), whereas in Bautzen reservoir the largest age-
0 pikeperch started to eat their slow-growing
conspecifics in August (Dorner et al. 1999). The
results (IV-VII) suggest that the cannibalism
probably does not disturb the importance of
temperature on year-class strength variations in the
studied northern waters, but could stabilise the
variations as noted in Sulejow reservoir
(Frankiewicz et al. 1999).
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Fig. 5. (a) Skewness of length distributions in relation
to mean total length (cm) of age-0 pikeperch in Pamu
Bay (black circles; ) and in Lake IlJssel (black
diamonds; Buijse & Houthuijzen 1992). (b) Examples
of positive and negative length distributions in Pamu
Bay (black bars; skewness = 0.84, n = 52, September
1961; ) and in Lake lJssel (open bars; skewness = -
0.94, n = 188, September 1988; Buijse & Houthuijzen
1992). Skewnesses of these two years are encircled
in (a).

3.1.2. Other environmental factors

Besides temperature only winds had some effects
on the coming year-class strengths. The mean wind
velocity alone had no effects on year-class strengths
(V, Buijse et al. 1992), but when both the direction
and duration of the winds were considered, the
effects of winds were noted (VI). Calculated wind
indices were negatively correlated both with the
year-class strength and water temperature. Such an
effect alone could decrease growth and increase
mortality, explaining the observed negative
correlation. Viitasalo et al. (1995) found that
southwesterly winds correlated negatively with total
zooplankton biomass in a relatively open outer
archipelago off the Hanko peninsula on the
southwest coast of Finland. Although those results
cannot be generalized to cover semienclosed areas
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such as Vanhankaupunginlahti Bay, the food
shortage could be among possible factors causing
the negative corrdations found between the year-
class strength and thewind indicesin July (V).

Episodic changes in environmentd factors have
been found to cause mortality and affect the year-
class strengths of perch (Kards 1996). Here these
changes were not studied mainly due to the lack of
aufficient daily data. Some indication of detrimental
effects of short-term changes on year-class strength
was found in Vanhankaupunginlahti Bay (VI). In
1971 the year-class drength of pikeperch was
weeker than could be expected based on ether
temperature or wind indices. In the same year the
sdinity was highest with a mean vaue of 4.92 %o
(SD =0.36,n=6) in Junein 1971, while being 3.01
%0 (SD = 1.42, n = 68) during the rest of the Sudy
period in 1972 - 1990. According to laboratory
study by Klinkhardt & Winkler (1989) the mortality
of eyed pikeperch eggs increased dmost linearly
from 0.7 %o where mortdity was lowest to 6.7 %o
where no eggs were dive. Therefore the high
sdinity levels in 1971 may have increased egg
mortaity either directly or indirectly.

Vaidions in water levels during the spawning
period of pikeperch had no effects on ether the
juvenile abundance in autumn in Parnu Bay (111) or
on the year-class srengths in Vanhankaupungin-
lahti Bay (V). In lakes, however, waer leve
vaiaions have been shown to be pogtivey
correlated with the year-class strength of pikeperch
(Svérdson & Malin 1973, Koonce et d. 1977). In
the Baltic Sea, spawning areas of pikeperch occur in
bays and river inlets a 1-3 m depths (Sonesten
1991). The water levels do not normally drop low
enough in the Baltic Sea so that the pikeperch eggs
could dry. When the water levels are low, the
potentid  effects of waves increase, dthough in
semienclosed inlets and bays the influence of waves
on eggsissmdler than in more exposed aress.

The results obtained in article V suggest that the
water trangparency (measured as secchi disk depth)
was low enough and hence had no marked effects
on survival and subsequent abundances and year-
class strengths. Nevertheess, notable effects might
have emerged if the variations had been larger,
egpecidly if the water trangparency had been
greater. According to Svardson & Molin (1973 and
ref. therein) high turbidity may protect the larvae
from predators during the firs 3-4 days when the
larvae move up and down in the water column. Ina

laboratory experiment direct sunlight has been  much
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found to cause increased mortality during the larval
stage of pikeperch (Woynarovich 1960). In another
experiment walleye larvae from hatching to 17 days
old were more evenly digtributed, showed grester
average swimming speeds, faster growth rates and
improved gas bladder inflation in turbid waters than
larvae cultured in clear water exposed to reduced
light intengty (240 lux) (Rieger & Summerfelt
1997).

Mogt of the studied environmental factors were
strongly connected with each other. Therefore it is
not generdly a smple task to edimate the true
effects of each of the studied factor on population
dynamics. However, the obtained results suggest
that first the effects of temperature should be taken
into account with suitable statistical methods. When
thisis done the strongest effects should be searched
during the larva and juvenile stages in June and
Jduly.

3.1.3. Covariationsin pikeperch populations

The year-class strength variations of pikeperch are
dgmilar  in different populations, and the
resemblances in year-classes are higher the closer
the populations are Stuated to each other (VII). At
distances less than 300 km 5 statisticaly sgnificant
corrdations were found out of 8 and the
relationship between the distance and the variaions
in year-class srengths between populations was
negative (VIl). These findings support the
hypothess that large-scde weather variations,
manly via waer temperature, synchronize the
vaidions in year-dlass drengths (V, VII). It is
difficult to find any dterndive biotic or abiotic
factor which could act in a uniform manner over
large areas (Shepherd et d. 1984). The posshle
mechanism behind these amilarities lies in the
positive correlations between abundances and water
temperatures (1), and between abundances and
subsequent year-class strengths (1V).

Myers et d. (1997) found the spatia scales of
recruitment to be 50 km and 500 km for freshwater
and marine species, respectively. The shorter scade
in freshwater was hypothesised to be caused by
predation. Although the scadles (VII) were not
dudied andogoudy as in Myers e d. (1997)
between species or habitats (freshwater vs. marine,
brackish water), it is obvious that the scaes for
pikeperch are closer to that for marine species than
for freshwater pecies.

The digances in year-class covaidions are
lower than the same scdes in ar
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temperatures, which covary from 1000 to 2000 km
between climatic stations (Macher & Schonwiese
1987, Heino 1994, Myers et d. 1997). In the study
of Mdche & Schonwiese (1987) annud
temperatures were corrdlated together instead of
summer temperatures. This is important because
correlations are lower between summer than annud
mean temperatures (Heino 1994) and, on the other
hand, summer temperatures have most influence on
the variations of year-class strength of pikeperch.
Furthermore, the location of the climatologica
reference dation aso affects the corrdations
between stations, at least in Finland (Heino 1994).

3.2. Effectsof first winter

Winter mortdity of age-0 pikeperch is dependent on
sze in Panu Bay (Il). Sze-dependent winter
mortality has dso been found in laboratory
experiments (Huusko & Eironen 1995, Kirjasniemi
& Vdtonen 1997). In the laboratory wintering
success of age-0 pikeperch was dependent mostly
on the energy reserves and not on the amount of
food avalable during the winter (Kirjasniemi &
Vdtonen 1997). On the other hand, the energy
reserves, eg. lipid content, vary among juvenile
pikeperch during the first autumn depending on the
diet quaity, which has been found to affect survival
expectations in laboratory (Kirjasniemi & Vdtonen
1997). Genedly the weght-specific fat content
(lipid) increases with size, while the weight-specific
standard metabolism declines (Conover 1992).

In the laboratory, pikeperch aslong as 4.7 - 4.9
cm (TL) were able to survive through the winter,
and only among juveniles longer than 5.5 - 6.0 cm
was mortdity very low (Huusko & Eironen 1995,
Kirjasniemi & Vatonen 1997). In Panu Bay the
sndlest pikeperch juvenile found after the first
winter was 6.2 cm (TL), even though juveniles <
6.0 cm were abundant during severd autumns (11).
These reaults are in accordance with the laboratory
experiments, a least concerning minimum lengths.
The findings in Panu Bay aso suggest winter
mortality for longer juveniles than has been found
in laboratory or in outdoor ponds (I, Huusko &
Eironen 1995, Kirjasniemi & Vdtonen 1997,
Hansson et d. 1997h).

The effects of duration of ice cover on the Sze-
dependent winter mortdity of pikeperch were
contrary to our expectations (I1). Longer winters
gppeared to reduce the sze-dependent mortdity
when the effects of varying lengths a age 0 were
accounted for. Possbly the depletion of energy
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reserves could have increased during winters with
exceptiondly early mdting of ice cover leading the
age-1 pikeperch to scope with subnorma (low)
water temperaturesin reduced food levels.

No direct effects of winter on year-class
strengths were detected (V), even when the effects
of water temperature were scded out from the
abundance (1V). This was probably due to the
srong dependence of growth and abundance on
summer temperatures (I1-1V). However, because the
proportion of different-szed juveniles in autumn
was dependent on summer temperatures, the winter
mortality should be higher after cold than warm
summers (I1), especidly because both growth and
abundance were corrdated with summer water
temperature (1-1V). Therefore, in generd, after
warmer summers larger and more  abundant
juveniles should lead to lower winter mortaity, and
the opposite after colder ones.

The failure to show the effects of winter on year-
class strengths could be due to the data used (1V,
V). Firgt, no abundance etimates were available
gther in autumn or spring, so that the actud
changes in abundances could not be evauated
during the winter. Second, the year-classes were
estimated on a rdative basis, which is probably not
as accurate an estimate as it should be to be able to
detect the possible effects of winter. Further, the
duretion of winter was based on ice data, which
might not be the best possible estimate to describe
the severity of winter (see dso I1). Therefore, if
relidble abundance edtimates had been available
both after the first growing season in the autumn
and in the second spring, the possble negative
effects of winter on year-class strengths could have
been detected.

On the relative basis summer temperature had a
more pronounced effect on the year-class strength
than the duration of winter (1V, V). This seems to
contradict againg the speculations by Svérdson &
Molin (1973) that the ultimate factor producing
dominant year-classes may be winter mortdity.
However, this does not mean that winter mortdity
does not exist. On the contrary, because sze was
positively related to abundance (I, 1V), the size-
dependent winter mortdity (11) may be subgtantia
and incresse with laitude due to decreasing
temperatures during the fird summer (Shuter &
Pogt 1990, Lappaainen & Madinen 2001) without
being sgnificantly corrdlated with the year-class
strengths within a population.
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3.3. Behavioural aspects

The lack of knowledge of the behaviour of age-0
and age-1 pikeperch ismarked. If the behaviour was
known in more detall, the estimation of the vdidity
of the results obtained with the beach seine and
trawling would have been easier (1-1V, Urho 1997).
What is known is that yolk-sac larvae of pikeperch
occur in open-water aress near the edge of littord
vegetation (Hudd et d. 1984). Older larvee are dso
found among vegetation, but the highest densities
are dill near the edge of vegetation a depths of 0.5 -
2 m (Hudd e d. 1984, Urho et d. 1990).
Afterwards increased abundances of pikeperch
towards deeper waters in midsummer and earlier in
warmer summers have been reported (Urho et 4d.
1990, Mikheev & Pavlov 1993).

In the littoral zone maximum abundance of
pikeperch larvae was found at lengths of about 18
mm, athough some pikeperch shorter than 10 mm
were dso caught (1). In August a decressng
corrdation between water temperature and lengths
suggested movements towards deeper waters a a
size 40 - 70 mm. These lengths can be associated
with dietary shifts from zooplankton to larger food
items (eg. Ruuhijarvi 1988, Van Densen et d.
1996). Generdly habitat shifts into the vegetated
littord zone have been attributed to shelter seeking
and predator avoidance (Mittelbach & Chesson
1987, Diehl & Eklov 1995), whereas increased
swimming activity towards deeper waters has been
connected with the decrease of inshore food
resources (Mikheev & Pavlov 1993, Wang &
Eckmann 1994).

Maximum lengths of pikeperch were about 1 cm
bigger in samples collected with juvenile trawl in
Péanu Bay in the second spring than in the first
autumn (I1). Some parts of these differences could
be due to growth and sampling, but dso to
behaviour aspects. Trawling may have excluded
longest juveniles during autumn if they migrated
earlier to wintering areas or moved to areas where
they could not be sampled (c.p. Erm 1981,
Lentonen & Toivonen 1987, Frankiewicz et 4d.
1996). Immigration of juveniles seems unlikely,
because the nearest population of pikeperch exists
in Masdu Bay, which is more than 80 km from
Panu Bay. Severd <udies have shown that
pikeperch are rather stationary and their migrations
are usudly short (Erm 1981, Lehtonen & Toivonen
1987, Hansson et d. 1997h).
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Almogt nothing is known of the wintering
behaviour of pikeperch during the first winter. The
behaviourd aspects can be, however, very
important. For example, southern white perch
(Morone americana (Gmelin)) were more active
and consumed more sored energy than native
northern yellow perch in a laboratory experiment
(Johnson & Evans 1991). According to Johnson &
Evans (1991) this behaviourd difference explained
partly higher mortaity rates of white perch during
the winter. Garvey et a. (1998) assumed that direct
or indirect effects of predation caused the observed
Sze-dependent winter mortality for largemouth bass
(Micropterus salmoides (La.)). The indirect effects
were due to predation risk, which may have forced
the juveniles to move to suboptimal habitats leading
to increased energy depletion.

3.4. Climate change and pikeperch

Pikeperch, as awarm water species, seem to benefit
from climate warming based on the severd pogitive
effects of temperature on population dynamics (I-
VI, Lappdanen & Lehtonen 1997, Lappdainen et
a. 1997). Warming will extend the duration of the
firg growing season (Lappdanen et d. 1997).
Longer and warmer summers will increase growth
rates and reduce mortality during the first summer
and winter (I, 11). Longer and more abundant age-0
pikeperch (1-1V) aso suggest stronger year-classes
and higher yidds in future catches (Lappdanen et
a. 1997).

All the positive effects of water temperature on
population dynamics suggest that the distribution
area of pikeperch will shift northwardsin Finland in
warmer climates (Lappadanen & Lehtonen 1997).
In lakes naturd dispersd occurs dowly, so the
expanson will probably need introductions into
new waters. At present, due to the economic value
of pikeperch, and high annua stocking rates, the
expansgon seems more likely than for other species
with lower value (Lappalainen & Lehtonen 1997).
The range of extension, however, depends mostly
on the rate of warming, but severd other factors act
smultaneoudly. These factors, for example, account
for the duration of ice cover. Present smulations
(Elo et d. 1998) suggest that the duration of ice
cover will shorten, which was found to have
negative effects on the wintering age-1 pikeperch
(11). On the other hand, greater mean lengths due to
better growth during warmer summers will
probably compensate for the negetive effects of
reduced duration of ice cover.
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Here the importance of diet was indirectly
shown through growth and length distributions (I,
[1). In Parnu Bay and the three bays in the coastd
areasin Finland, lengths and growth were positively
related with water temperature (I, 11). However, the
relationship between length and temperature (1)
should not directly be used to estimate the lengthsin
future climates with higher temperatures, because
the possible switch to piscivory even during the first
growing season will increase growth more than
based only on water temperature (Fig. 4b; cp.
Mooij et a. 1994). An open question is if there are
suitable-sized prey species S0 that the main shift to
piscivory is possible even as early as during the firgt
summer, and further, when this shift could occur in
the future. Many unexpected changes by the
interactions with other species are dso likdy to
ocCur.

4. CONCLUSIONS AND FUTURE RESEARCH

NEEDS
The most important environmenta factor affecting
the population dynamics of pikeperch was water
temperature (I-VI). Other environmenta factors
had little or no effects on dynamics (111-V1). Water
temperature had postive effects on abundances,
growth, year-class drengths and yieds (1-VI).
Mortality during the first winter was shown to be
Sze-dependent (1), but the ranks of year-class
srengths were established dready during the first
growing season (IV-VI). The results, however,
suggest that the Sze-dependent winter mortality
should be higher after cold than warm summers
(11). The strong dependence on temperature is dso
seen in amilar year-class strength variations over
populations (VI1).

The achieved results suggest the following
relationships between temperature and studied
biotic factors (I-VII). In warm waters larvae and
juveniles grow faster and their mortdity is lower
than in colder waters resulting in stronger year-
classes and yields (Fig. 6). The year-class strength
of pikeperch is established dready during the late
July. The size-dependent winter mortdity may be
severe, but the pogtive rdationship between
abundance and size efficiently masks the possible
negetive effects of winter on year-class strengths.
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Fig. 6. Schema of major relationships among water
temperature and biotic factors. The relationships
marked with solid arrows have been found to be
significant (I-VII). The food or links marked with white
arrows were not studied in the present thesis, but can
be suggested to be also significant based on the
results obtained here. The wider the arrow the more
important the link.

The results here warrant two mgjor topicsfor the
subsequent research to get a clearer picture of the
components affecting the population dynamics of
pikeperch. The firs and most obvious one is to
focus on factors causing mortdity during the critical
two months after hatching (June and July). This
evauation should contain intengve fish and water
sampling both in the littord and pelagic zones. To
evduate the potentia trophic interactions the
stomach contents of caught species should aso be
andysed. The second research topic should be a
more thorough anadyss of the levels of naturd
mortality of pikeperch during the first winter. This
could be studied with a frequent sampling both
during the first autumn and next spring. Such an
andyss should yidd edimates for the tota
mortalities based on changes in abundances during
thefirst winter.
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