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ABSTRACT
The purpose of this study was 1o examine aspegts of fecundlty and ovarian
development in yellow perch from near the northern hmxts of thexr range The txme course of

-

fecundity was monitorcd to determine when final fecundity is fixed in the fish. The best
predlctor of egg productnon was established by relating em;;ty to body size and age. The
variability of fecundity in populations showing different growths was also studied. The
histological studies examined the time course of various cytological changes in the ovary and
related these to changes in ovary weight (GSI).

Change in fecundity in a yellow perch population from a small Alberta lake was
studied over a period of one annual ovarian cycle from May 1983 to March 1984. Addmonal
perch were collected from 3 other lakes. in February LI54 Y&*/Whme the relationship

w-fnz- "
[ . 1
between fecundity and growth rate. Fecundity was determmed gravimetrically. Ovaiwfha

recrudescence was studied in females sampled from one of the lakes between May 1983 aﬁd
March 1984, Ovaries were examined histologically using gluteraldehyde fixation and plastic
" embedding.

Fecundity declined significantly between October 1983 and March 1984 due to
preovulatory degeneration of oocytes and to the possible inclusion in the fall oocyte counts of
larger-sized resting oocytes. Perch from slow-growing populations were more fecund at a
common length. than their fast-growing counterparts from another lake, i.e., fecundity was
inversely proportional to growth rates.

Histology showed that oocyte recruitment occurred at the end of” the primary growth
phase in late June. Recruitment was not accompanied by any increase in GSI and preceded
peak feeding activity in the summer. Perch 'appear to recruit a large number of oocytes into
recrudescence immediately after spawning and this number ié rhodulated do;vnward by aseyet
uniden;ified factors. When compared with a previous repbrt on the histology of ovan‘avn
recrudescence in Athe Eurasian pei,ch, that of the yellow perch differed in the 1) number of
chorionic layers;. 2) time of initiation of vitellogenesis in primary oocytes, 3) presence of

preovulatory atresia, and 4) presence of both yolk vesicles and yolk granules that could be



easily distinguished by staining and location within the ooplasm.

The decline in the number of developing oocytes in the ovary of the fish in late winter
when the fish are presumably food limited, the inverse relationship of fecundity to growth
rate, and rccrilitment of primary oocytes early in summer are all part of an adaptive strategy

in the yellow perch living in a latitude where the proximate factors are extreme.
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I. GENERAL INTRODUCTION
Fecundity in fish is not a random process of dividingvtf\e gonadal materials “imo many
or few eggs. Rather it is a §tra;fegy of investing energy in gonadal materials over time
(Wootton 1979) such that the survival in any given.type of environment of the maximum
number of offspring produced over the lifetime of the parent is ensured (de Vlammg 1974).
“How the gonadal material is divided into many or few eggs depends on the mler};lay between
adaptive phy.siological processes in ihe fish and environmental factors (Scott 1979). Thus,

fecundity is a very effective mechanism for adjusting the reproductive rate of a fish

population to a changing environment (Nikol'skii 1969).

A. FECUNDITY DEFINED

Absolute fecundity in fish is defined as the number of maturing eggs present in the
ovary just before spawning (Bagenal 1978). It includes all mature ova about to be spawned
and, in batch spawners, those maturing 00Cytes which will develop further before being
deposited later in the same spawning season (Mann and Mills 1979).

During spawning, mature eggs are released in single or in several clutches ovér a
variable time period depending on the spécies and the prevailing environmental factors. (1t is
easy to determine fecundity in terriperzite fish species whose re_pr_gductiye cycles are based on a
strong annual periodicity. In habitats characterized by pronounced ranges of environmental

canditions, reproductive cycles are predictably recurrent every year with a brief delineated

riod of spawning. When seasonality is less pronounced, reproductive cycles are less clearly
efined with longer spawhing times. In the );ellow perch, Perca flavescens, the eggs QCveIOp

/ and mature synchronously, and are released in a single batch in the spring (Thorpe 1977a).

Spawning populations of yellow perch have been documented to release eggs over a period

raﬁging from 3 (T;ai and Gibson 1971) to 16 days (Thorpe 1977a). Aside from the yellow
;'>erch. the roach, Rutilus rutilis, is another example of a single batch spawner (Mackay grid
Mann 1969). The majority of fish are multiple batch spawners, i.e., their ovaries contain

acvnchronpusly developing oocytes that mature and are released in several batches over the



same spawning season. Multiple batch spawners include the bleak, Alburnus alburnus (Mackay
and Mann 1969), dace; Leuciscus leuciscus (Mann 1974), killifish, Fundulus heteroclitus
(Wallace and Selman 1978, 1981), summer flounder, Paralichthys dentatus (Morse 1981),
haddock, Melanogrammus aeglefinus (Robb 1982), three-spined sticklebacks, Gasterosteus
aculeatus, G. wheatli, Pungitius pungitius (Craig and FitzGe;ald 11982), and sablefish,
Anoplopoma fimbria (‘Mason et al. 1983). o
It is difficult to define fecundity in tropical fish. The absence of marked seasonal
fluctuations, particularly near the equator which serve as cués in initiating and terminating
. ovarian recrudescence in temperate fxsh allows some species 10 spawn continuously.
Exammauon of the ovary of Sarotherodon species in a pond in Nigeria dlS&OSCd batches of
oocytes in successive stages of development suggesxing that as soon as a clutch was released,
another ripened, thus allowing year-round egg production €ka 1971, cited by ’Jo'hnson 1974).
Scott (1974) reported that the elephantfish, Mormyra kannume, sampled from their breeding
ground in Lake Victoria, Uganda, were in a gravid stage throughout the year 'except during
July and August. )
T Nonetheless, the majority of tropical species do shoys varying degrees of seasonality in
_reproductive cycles since within the tropics, factori such as temperature, photope.riod, and
rainfall, become increasingly seasonal with increasing latitude above and below the equator.
Cichlids from the Great Lakes of Africa.behave much like temperate fish with gonad |
maturauon from the fall until early spring, and spawmng in the spring (Fryer and lles 1972).
Even under relatively aseasonal conditions, biotic factors, e.g., competition for nesting
sites, may impose seasonality (Lowe-McConnell 1979). In Lake Jiloa in Nicaragua, the
sonality of spawning in nine cichlid specic: in the lake is partially determined by the regime
/fj the biomass-dominant Cichlasoma citrinellum, which outcompetes all but two of the
smallesi species for nesting sites and possibly for food (McKaye 1977). The other species are
able to breed only in the drier season when C. citrinellurl is food-limited because of the
absence of its preferred food. In equatorial areas characterized by constant temperature and

photoperiod, seasonal flooding of bodies of water makes available nuuiglzs/ that limit



biological cycles. Wind-induced current changes in deep lakes and seas may also influence the
upwelling of nutrients which can serve as a seasonal environn%\tal cue and, hence, impose

s [\ e
some form of seasonality on breeding (Lowc-McConnellw).
B. FACTORS INHERENT TO FISH THAT LIMIT FECUNDITY:

Body length

A close relationship exists between fecundity and body size, i.e., fecundity increases
with length and weight. The relationship between length and fecundity is defined by
b (1)

where F is absolute fecundity, L is body length, and a and b are constants derived from the

F = aL

data (Bagenal 1978). A logarithmic transformation of the form
| log F = loga + blogL - = (2) N

gives a linear relationship (Bagenal 1957, 1963). This transformation equalizes the variance
tvhroughout the range of size of fish and solves the problem that variations in fecundity of
lérger fc;males tend to be greater than those of smalier females. Based on 124 observations in
freshwater and marine fish, the exponent b in equation 2 ranged from about 1.0 to 7.0, but
values clustered betwefn 3.25 and 3.75 (Wootton 1979). Simpson (1951) argued that the
commonly oBserved cubic relationship of fecundity to body length could be explained by a
geometric constraint: the germinal epithelium was so folded that it filled the volume of the
ovary. Fecundity could be related to a volume and hence the cube of the length. The value for
b tends to be higher in long-lived species with good postspawning survival than in short-lived
species with high mortality after spawning (Wbc'mon 1979).

The slope relating fecundity to fork length ranges from 2.704 '(-Shcri and Power 1969,

recalculated by Tsai and Gibson 1971) to 3.%)99 (Muncy 1962) in the yellow perch, and from

2.453 (Jellyman 1980) to 3.043 (Bregaizi and Kennedy 1982) in the Eurasian perch, Perca
S

fluviatilis. It is not known whether these slopes are significantly different from each other \\.

- ' .
because no one has attempted to do analysis of covariance using the original ‘data. The

-

\
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exponential relationship of fecundity to body length has been documented for a wide range of
‘species including the herring, Clupea pallasii (Katz 1248), long rough dab, Hippoglossoides
platessoides (Bagenal 1957), brook trout, Salvelinus fontinalis (Wydoski and Cooper 1966),
dolly _;'arcicn. Salvelinus malma (Blackett 1973), dace, Leuciscus leuciscus (Mann 1974),
summer flounder, Paralichthys dentatus (Morse 1981), catfish, Clarias lazera (Clay and Clay
1981). and sablefish, Anoplopoma fimbria (Mason et al. 1983).

After reviewing the relationship between size and fecundity in various species,
Woodhead (1979) proposed tlhat after a certain length is attained, senescence;linked changes
in ihc ovary may lead to a reduction ’in egg produétion. As a corlsequence. tk;e number of eggs
per unit body length may appear to decrease although the absolute number of eggs has
remained unchanged (Bagenal 1978). This phenomeﬁon has been observed in the Eurasién
perch by a r\xumber of researchers (Stehlik 1969; Federova and Vetkasov 1975; Bregazzi and
Kennedy 1982), but has not been reported in the yellow perch. Hickling (1940) obsgrved that
the weight of ovaries of herring, Clupea harengus, increased with age more rapidly than
fecundity. The absence of a‘ny increase in the size of the eggs indicates that the permanent
tissue surrounding the oocytes increased disproportionately in older females. Similar
age-related degenerative ch;mges that could lead to declining fecundity im otherwise growing
fernales have been documented in the ovaries of guppies, Poecilia reticulata (Woodhead and

~Ellett 1967), and. Siamese fighting fish, Betta splendens (Woodhead 1974).

Body weight- : k,

Since body weight is highly correlated with body length, fecundity should also be
clossly related to body weight. The relationship is‘expressed as T
k 3)

where F is fecundity, W is body weight, and a and b are constants calculated from the data

F =aW

* (Bagenal 1978). This relationship is approximately linear where b is close to 1. If total body
weight is used, a spurious relationship is usually obtained since the greater number of eggs in

more fecund fish will weigh more than those in less fecundt females (Bégenal 1978). This bias

Y -



can be minimized by using somatic weight instead, or by weighing the fish immediately after
spawning (Wootton 1973a). |

The relationship between fecundity and somatic weight in the yellow and Eurasian
perch is linear (Tsai and Gibson 1971; Brazo et al. 1975; Treasurer 1981), but Sheri and
" Power (1969) reported a semilogarithmic relationship between the two parameters. This
semilogarithmic relationship may due to an overestimation of fecundity 7cgus§ Sheri an,d'

Power (1969) counted oocytes early in oogenesis in the summer. A linear relixionshib between

N

somatic weight and fecundity has also been reported in the long rough dab, | t’ppogloSSoideS

platessoides (Bagenal 1957, Pitt 1964), herring, Clupea harengus (Baxter }?}l ). brook trout
e

Salvelinus fontinalis (Wydoski and Cooper 1966), dolly varden, Salvelmix#,' ima (Blackett

1973). summer flounder, Paralichthys dentatus (Morse 1981), sucklebagks, Gasterosteus

aculeatus. G. wheatlandi, Pungitius pungitius, and Apeltes q%cu ra)gig&é;‘FltzGcrald
1982). the clupeid Pellonula afzeliusi (Ikusemiju et al. 1983)." o ‘groupers, }
_ (Bouain and Siau 1983). ‘ . R
Craig (1974) and Jellyman (1980) reported that the number of maturing eggs per unit
somatic weight is inversely related to the length of Eurasian perch ranging from 12.3 10 42.2
cm fork length. However, the only report on somatic weight specific fecundity for the yellow
perch found no such trend for the range of 12.3 to 27.8 cm fork léngth (Sheri and Power .

1969) .

Age

The effect of aée on egg production must be isolated from those of length and weight
by appropriate statistical methods because of the close relationship between age and size.
When this is done, the effect of age may be insignificant, €.g.. plaice, Pleuronectes platessa
(Simpson 1951), long rough dab, Hippoglo:ssoides platessoides (Bagenal 1957, Pitt 1964),
redfish, Sebastes marinus (Raitt and Hall 1967), and whitefish, Coregonus spp. (Zawisza and
lBac_kiel 1970), or s?gnificam. e.g.. haddock, Melanogrammus aegle finus (Hodder 1963),

roach, Rutilus rutilus (Mackay and Mann 1969), Greenland halibut, Reinhardtius

—
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hlppoglo;ssoldes (Lear 1970), capcl{ﬁ, Mallotus villosus (Winters 1971), sprat, Sprattus
sprattus (de Silva 1973), northern mottled sculpin, Cottus b. bairdi (Ludwig and Lange 1975).
and dace, Leuciscus leuciscus (Wilkinson and Jones 1977). In cases where there is no effect of
age, length or weight were clearly correlated with fecundity.

Based on his work in the sprat, de Silva (1973) suggested that a ¢ Lear
relationship between fecundity and age may be typical of fish with long lifespan while _;_almcar
relationship is common among short-lived species. FF’indings in the short-lived dace by
Wilkinson and Jones (1977) showed a\curvilinear relationship and, hence, did not support de
Silva's theory.

The relationship bet;veen fecuadity and age has been reported to be semilogarithmic in
the yellow perch (Sheri and Power 1969; Brazo et al. 1975) and linear in the Eurasian perch
(Trcasurer 1981), In these studies, age was consistently the least reliable predictor of
fecundity because variation in the number of eggs within an age group-is considerable, and the
fecundity of an individual fish may overlap into two or three age groups. The value of age as
a bredictive tool in pr;dicling perch fecundity should be reevaluated because no work has been
done to test the effect of age on egg production independent of b‘ody. size. A model using
age-length interaction is more accurate in -predicting fecundity in the northern mottled
sculpin, Cottus b. bairdi, than a model using age or length alone in the same species (Ludwig

and Lange 1975). After analyzing published data on the plaice, Gerking (1959) concluded that

individual variation in fecundity was so great that the real effect of age might be masked.

Egg size

Egg size constrains egé number since a given weight of ovary ;ould be partitioned into
many small or few large eggs. This trade-off between egg number and egg size is seen clearly
in the herring, Clupea harengus, where summer-fall spawners are more fecund but have
smaller eggs than the winter-spring spawners (Hempel and Blaxter 1967). Ware (1975)

suggested that this variation in egg size_in the herring has survival value. Large €ggs lead to

larger larvae which are better able to survive the harsh conditions of winter and spring than



their smaller counterparts, The smaller eggs, which hatch during the summer and fail, take
advantage of their larger numbers by ensuring the survival to sexual maturity of the larvac at
times when they are subjected to heavy predation. This inverse relationship between the size
and number of eggs is not always truc. In the goby, Cottus gobio, the egg diameter and cgg
number vary independently (Abel 1973, cited by Wootton 1979).

The size of the cgg in the Eurasian perch is directly proportional to body length
(Craig 1974; Bregazzi and Kennedy 1982). Thorpe (1977b) reported a diameter range of 1.0 to
21 mm but Treasurer (1981) reported the smallest diameter was 0.9 mm fc;r the Eurasian
perch. Mansueti (1964) recorded a similar range of 1.0 to 2.1 mm diameter for the yellow
perch. Trade-off in egg size and fecundity has not been documented in either species of perch.
Comparlson of egg size in similarly sized individuals from different populations of identical or

different latitudes within the geographic distribution of the perch is still open to mvesngauon

Best predictor of fecundity

The regression of fecundity on either total or fork length hasi been commonly used 0
investigate the fecundity of a single population, and to compare fecundities between
populations. Length explains a larger fraction of the observed variation in fecundity than
either weight or age in the gellow perch (Muncy 1962 Tsai and Gibson 1971; Brazo et al.
1975), roach, Rutilus rutilus, bleak, Alburnus alburnus (Mackay and Mann 1969), ;atfish,
Clarias lazera (Clay and Clay 1981), and summer flounder, Paralichthys denltazus (Morse
1981). On the other hand, weight is better correlated with fecundity than length in dolly
varden.. Salvelinus malma (Blackett 1973), groupers, Epi.nephelus spp. (Bouian and Siau
1983). and the clupeid Pellonula afzeliusi (lkusemiju et al. 1983). However, there are
complications when comparing fecundity in terms of weight between samples collected at
different times of the year. In many species, somatic weight changes rapidly with the
approach of the spawning season (Le Cren 1951; Wootton 1973b; Iles 1974) so that regression
c/>f -fe:cundity on weight in samples of fish captured at different timcg cannot be validly

compared. Bagenal (1978) conclu@ed that it is most practical to use length in predicting
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'*ﬂécpndity. ~The maost satisfactory method for comparing the - fecundities of different
poplfiations is to compare the regression equation relating absolute fecundity to length or
weight. Comparison of the fecundity on length relationship has been commonly used in the

perch literature (Thorpe 1977b).
C. ENVIRONMENTAL DETERMINANTS OF FECUNDITY

Food

wootton (1979) calculated the mean energy content of eggs and gravid ovaries from
50 species as 23.48 kJ/g dry weight with 95% confidence limits of 22.75 and 24.21. Given the
éncrgy cost of egg production, fooé becomes an important environmental factor affecting
fecundity. Lowered fecundity is associated with low food quality due to low primary
productivity of the water or insufficient quantity resulting from intraspecific compcu'iion
because of high population density. This correlation has been documented in natura;l
populations of the wild speckled trout, Salvelinus fonlinalis‘j(\'ladykov 1956). haddock,
Melanogrammus aegle finus (Hodder 1965), brown trout, Salmg trutta (McFadden et al.
1965), landlocked salmon, Salmo salar (Leggett and Power 1969), roach, Rutilus rutilus
(Mackay and Mann 1969), and thc‘cyprinodonl Poeciliopsis occidens (Constantz 1974).

The mechanisms by which insufficient food supply affect fecundity have been
demonstrated in various studies. Experimentally food-restricted fish may 1) restrict the
number of oocytes that develop, e.g., tl}ree-spincd sticklebacks, Gasterosteus aculeatus
(Wootton 1973a); 2) resorb mature eggs, €.8.. rainbow trout, Salmo gairdneri (Scott 1962);
3) 'suppress the oocytes from developing at all, e.g., winter flounder, Pseudopleuronectes
americanus (Tyler and Dunn 1976); and, under natural conditions, 4) delay the resorption of
residual eggs left from the previous spawning. The lack of resorption' interferes with the
recruitment of a new batch of oocytes, e.g., yellow (Scott and Crossman 1973) and Eurasian
pcrch (Koshelev 1963, cited by Hokanson 1977). Zawisza and Backiel (1970) believe that there

is a critical threshold for food below which fecundny is significantly reduced.
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The response of fecundity to food supply entails plasticity in that it may or may not
affect the size and weight of eggs. For example, laboratory results have shown that food
restriction which lowers fecundity may result in larger-sized mature ova as seen in the brown
trout, Salmo trutta (Bagenal 1969), or in no change in suze as observed in the three-spined
stickleback . Gasterosteus aculeatus { Wootton 1973a). The response Lo favorable food resources
is also variable because it may or may not involve increased egg number with a host of
compensatory changes in cgg si2¢ and weight. Martin (1970) reported that following a shift to
fish prey by the lake trout, Salvelinus namycush. in an Ontario lake, the number, size. and
weight of eggs increased significantly . lr; contrast, comparison of fecundity at a common
length for coho salmon, Oncorhynchus kisutch, trom a productive lake and an unproductive
lake fcw'ealed slightly fewer but larger and heavier cggs 1n the population from the productive
lake (Stauffer 1976). Brown trout, Salmo trutta, from fertile streams have heavier ovaries
than similarly-sized females from infertile streams. but the former are not necessamily more
fecund (McFadden et al. 1965). This suggests that the eggs are heavier in the population from
the fertje stream .

The correlation between fecundity and food subpl{’ has never been investigated in
either the yellow or Eurasian perch. Adaptive responsc of size and weight of eggs to food
resources in the two species is unknown. The unusually high slope of fecundity on fork length
regression for the yellow perch from the Patuxent (3.728) and Severn (3.999) Rivers, both in‘
Maryland, may be associated "with their rich estuarine environment (Muncy 1962; Tsai and
Gibson 1971). Bregazzi and Kennedy (1982) compared the fecundity of the Eurasian perch
between vyears in a lake rapidly undergoing eutropication and noted no change in fecundity.
Similarly, Mann (1985) detected no change in the fecundity of lake whitefish, Coregonus

clupea formis, in a lake artificially fertilized over a period of four years.

Population density
Population density operates in conjunction with food supply. For example,

lake-dwelling rainbow trout, Salmo gairdneri, from high-density populations have lower
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fecundlty than those from low-density populations and this is presumably due 1o more

intense competrtton for food among the former (Scott 1962) The work of Warren (1973) on

»j”‘*; the ‘guppy. Poecilia reticulata, was drrected toward separating the effect of denerty from the

°

r

»

ef fect of food avarlabxhty When water from a tank containing a high densrty of female
guppies was supphed to another tank containing fewer females, there was a marked reduction
in the number of stage 11l oocytes. Females keptaat hrgh densrty also had fewer ovarian stages
and produced fewer young. It appears that fish are capable of releasing water-born stress

factors, -produced as a result of crdwding, that inhibit oocyte recruitment and development.

Increased behavioral interaction was suspected to have been the cause of lowered fecundity in

a high density populatron of the northern pike, Esox [lucius (Kipling and Frost 1969)

" However, no factor has been rsolated to support the view that crowding leads to the release of

stress chemrcals +hat could depress fecundity.

There has been no study of the net effec' of popufauon density on the fecundity of
the yellow perch In the Eurasian perch Le Cren (1951) noted that following a population
decline in Windermere Lake, there was an increase in fecundm as a consequence of 1mproved
growth rate. Surprisingly, data coltected from Slapton Ley by Bregazzi and Kennedy (1982)
before and after the decline of the Eurasian perch -popnlation there showed no increase in

fecundityw

Temperature and light
Although rt is known that temperature mdrrectly affects fecundity by actrng,on the

rate of food consumption of ~the frsh the effect of temperature has been analyzed

~ indeépendently. Low temperature may affect fecundrty by restricting the number of oocytes

that enier vitellogenesis or by inducing follicular atresia. Field observations' by Shrode and
Gerking ('1977) demonstrated in the desert pnpfish Cyprinodon n. nevadensis, that small
departures from the specres te:nperature tolerance limits resulted in decreases in tile number,
size, and hatchabrhtv of eggs. The study also démonstrated that the period spanning early

oogenesrs to just before spawning was more sensitive to-temperature fluctuations than the
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period from spawning to fertilization. When the mean water temperature was colder than
normal, Hodder (1963) noted increased atresia of oocytes in the haddock, Melanograr‘n’mus
" aegle finus. Similarly, colder than normz;:i water temperature has been correlated with
interrupted spawning and increased incideﬂcé of atresia in the northern pike, Esox lucius
(June 1970). In contrast, colder water temperature results m higher fecunduv in the pink
" salmon, Oncorhynchus gorbuscha (Rounsefell 195‘2) 1%5 hxs review of the evidence from
vanous spec1es Wootton (1979) proposed that spawning activity and the number and
hatchability of eggs peak at an optimum temperatme and as temperatures change in cuhcr
direction, fecundity declines.

The effect of photoperiod on fecundity is unclear. Changes in photoperiod can mc;dif y
the number of spawnings in three-sp...d stickleback, Gasterosteus aculeatus (Baggerman
1957), and in the catfish, Heteropneusies fossilis (Sundararaj and Vassal 1976). No study has
been conducted on the effect of temperature and light feéime on the fecu.ndit"y.of perch.
Othér environmental factors

Other environmental factors that affect fecundity Qihclude lake morphometry
(Brylinska et al. 1975 cited by Bagenal 1978), water level (June 1970), chronic oxygen
depletion (Brungs 1971), and environmental comammants (Macek 1968 Carlson 1972).
Parasitic infestation may also depress fecundity by interfering with ovarian maturation.
Sticklebacks, Gasterosteus aculeatus, infested \yitﬁ‘the tapeworm Schistocephalus solidus had

significantly IoW¢r gonadosomatic index (GSI) than noninfested females (Meakins 1974).

D. FECUNDITY AND GEOGRAPHIC RANGE

The relationship betweeﬁ fecundity and geographic range. has also vbeeh explored
(Bagenal 1966), and many of the ideas on this topic are émbodiedpin the concepts of r and K
‘selection (MacArthur and Wilson 1967). R selection is the type of selection that occurs in
unstable environments where ;Sopulatjon size is regulated largely by density -independent

. ) . 1
factors such as extreme temperature -and short breeding scason. R-selected populations
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typically exhibit high fecundxty. early maturity, tendency toward single spawning, and hngh
- reproductive effort. K selection describes selection in stable environments where mortality 1s
caused more by density-dependent factors, €.g.. crowding and competition for food.
K-selected populations usually show low fecundity, late maturity, multiple broéds. low
réproductive effort, and-sometimes parental care. 'fhe plaice, Pleuronectes platessa shows
r-selected traits, i.e., higher fecundity, in areas where fishing pressure had been unusually
heavy (Bagenal 1978). The Great Lakes in Africa have K -sel‘ected species that allocate a large
amoum of energy to non-egg-producing activities such as nest- -building, brooding and care
for young, and viviparity (Lowe- -McConnell 1979) Although fish span the r-K continuum
and 'show a high degree of versatility in their reproducuvckstrategnes, it is difficult to predict
these strategies using the theories of r and K selection‘\ alone. Thus, one might expect

populations from near the limits of the geographic range, where abiotic factors may be

regulating population size, 1o show r selected strategies. No published research has looked at
the relationship between latitude and fecundity. In fact no study has looked critically at the
factors which regulate fecundity in perch.

This thesis is divided into two parts. Chapter 2 deals with 1) temporal change in the
fecundity of a wild population of female yellow perch, and 2) compafison of the fecundities
of four lake populations of yellow perch around Edmdmon; Alberta, which show different
growt.h rates. Chapter 3 describes the histological cycle of the ovary with emphasis on the
identification of stage and timing of docyte recruitment. The observation of preovulatory
degeneration is also described as a possible mechanism 1o e'xplain‘the apparent decline in,

fecundity towards the spawning time.
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II. A COMPARATIVE STUDY OF THE FECUNDITY OF YELLOW-PERCH (Perca

flavescens Mitchill) FRpM SELECTED ALBERTA LAKES

A. INTRODUCTION ' : . r

Fecundity in fish is defined as the n'umber of developing eggs in the ovary just priér
to spawning (Bagenal 1978). Although the fecﬁndity of the Eurasian perch, Perca fluviatilis
L., is well studied (Stehlik 1969; Craig 1974, Federova and Vetkasov 1975: Mann 1978;
Jellyman 1980; Treasurer 1981; Bregazzi and Kennedy 1982), that of ihe yellow perch, Perca
flavescens Mitchill, has been described in only four papers (Muncy 1962; Sheri and Power
1969; Tsai and Gibson 1971: Brazo et al. 1975). These investigations used fish collected at
different times before spawning (Appendix 1, Table 1.1) based on the assumption that
fecundity does not change once-the oocytes have been recruited. However, this assumption has
not been tested. Sheri and Power (1969) reported higher fecundity at a common length for
yellow perch, which were obtained in the summer, than those captured just before spawning
from lakes of almost identical (Brazo ¢t al. 1975)"or lower latitudes (Muncy 1962: Tsai and
Gibson 1971). This may indicate a progressive decline in potential fecundity as spawning time
approaches, or true differences in egg produﬁtion between populations, or- an artifact due to
differences in the methods the authors used 16 estimate ,L‘\h\e number of developing eggs.

There is no singlé previous study for the y'ellowu or the Eurasian perch that compares
the fecund{tieé in two or more populations. There is also no study done to compare the
fecundities at a common siie or age of populations with different growth rates. Although
Treasurer (1981) collected Eurasian perch from two adjacent kettle-hole lakes, he pooled the
samples (n = 15) to obtain a common fecundity on length regression, even thoughpthc
populations from the two lakes had different g'rowth rates.

Absolute fecundity values rénge from 3,035 to 157,042 for the yellow perch (Brazo et
~al. 1975; Thorpe 1977a) and 950 to 210,000 for the Eurasian perch (Thorpe 1977a). Fish of
the same size in a single population or in different populations show variability in fecundity

(Thorpe 1977b). Thorpe (1977a) considered differences in productivity between habitats, food
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abundance, spawning conditions, and extent of exposure to wind within the same habitat to be
responsible for this variation. For any given lake, fecundity can be predicted by its regression
on the fork or total length, somatic weight, and age. In the yellow perch, the relationship of
fecundity to total or fork length, total or gutted weight, and age is logarithmic, linear, and
semilogarithmic, respectively (Muncy 1962: Tsai and Gibson 1971; Brazo et al. 1975). Sheri
and Power (f969) reported that the fecundity on fork length, on somatic weight, and on age
relationships are semilogarithmic. Depending on the population, ecither length (Tsai and
Gibson 1971) or weight (Sheri and Power 1969) can best explain the variation in fecundity.
Age is consistently the least reliable predictor of fecundity because variation in fecundity
within an age group is large and the fecundity of an individual may overlap into two Or more
age groups (Sheri and Power 1969; Brazo et al. 1975). The fecundity on length' relationship in
the Eurasian perch is similarly lpgarithmic (Craig 1974: Mann 1978; Jellyman 1980; Treasurer
1981; Bregazzi and Kénnedy 1982). The s ationships between fecundity and both weight and
age are linear (Treasurer 1981). - L)

" Yellow perch have an annual reproduaive cycle with gonadal growth in the fall and
winter, concluding with spawning in the spring. Spawning occurs as early as February
(Thorpe 1977b) and as late as June (Sheri and Power 1969: Newsome and Leduc 1975)

—

depending on the latitude. A'water temperature range of 5 to 14" C triggers spawning and
the first females deposit ;ggsy at progressively higher temperatures as latitude decreases
(Thorpe 1977b). During spawning each breeding female,i identified by her large size and
gravid belly, is closely followed by severz‘il mature males which release their milt close to her
vent as a single strand of eggs is extruded. The eggs are aahcsive and are attached to plants
and debris in shallow water (Harrington 1947; Hergenrader 1969). Unlike most fish, the
yellow perch have only one ovary which lies on the midline of the body' below the swim
bladder and above the digestive tract (Parker1942). The ability of yellow perch to use

~ relatively unspecialized substrate for spawning allows them to colonize in all still and

slow -moving freshwater bodies within théir geographical range (Collette et al. 1977).

-
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This rtesearch addressed two aspects of fecundity. First, does fecundity change with
the approach of the spawning season? If it does change, is the magnitude significant? If
significant, when is actual fecundity established? The problem was tackled in the present study
by dq rmining the fecundity of perch from a single population between October 1983 and

# 5 l\t
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984. The fecundities of the fish at various times throughout the winter were compared
to the initial estimate made in October. -

Second. how do the fecundities of different populations with different growth rates
comparc? This question was dealt with by comparing the fecundities of yellow perch collected

from four lakes in February 1984.
B. MATERIALS AND METHODS

Study lakes and sampling regime

To determine the change in fecundity over time, vellow perch were collected from
Mayatan Lake (537 30" N, 114" W) from 15 May 1983 to 15 March 1984. Fish were caught
with Windermere traps ( Worthington 1950) and by angling during the open water season.
During the winter sampling was done entirely by angling.

To compare the fecundities of females from different populations with different
growth rates, further samples were collected from Lac Ste. Anne (53" 42" N, 114" 28" W),
Thunder Lake (53" 8' N, 114" 46 W), and Narrow Lake (54 37" N, 11¥ 39" W) in February
1984. Sampling was done entirely by angling. Preliminary data revealed that yellow perch from

these lakes had different growth rates.

Sample treatment and analysis

Fish captured during the open water season were killed immediately and brought fresh
to the Lac Ste. Anne Blologncal Station. Those caught by angling during the winter months
were frozen until they could be processed at the Fish Laboratory of the Department of

Zoology at the University of Alberta. Total body length was measured to the nearest mm with
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a measuring board. After blctting the body and gonad dry with paper towels, the somatic
weight (total body weight minus gonad weight and weight of stomach contents) and gonad
weight were measurcd to the nearest 0.01 g using an clectronic balance.

The left opercular bone was removed for age determination following the method of

l.e Cren (1947).

Dctermination of fecundity_

After weighing the ovary, the connective tissue envelope was slit open to expose the
developing or maturing oocytes. Then the ovary was placed in fresh Gilson's fluid as modified
by Simpson (1951). The fixed ovary was shaken every few weeks to facilitate dissociation.
The ovary was kept in the ﬁxauve for a period of 8 to 10 weeks which was long eqough to
completely dissociate the oocytes from the connective tissue. The small-sized resting oocyles
and debris were separated from the developing oocytes by repeated washing and decantzilion
using tap water.

The washed oocvtes were then layered on a filter paper, 12.5 c¢cm across, placed in a
Buchner funnel which had been fitted to a vacuum flask. A mild vacuum was used to remove
excess water. The oocyles were, then air-dried for at least 24 hours. No significant changes in
weight of the samples were detected after 24 hours of drying.

| The gravimetric qlethod was chosen to de;erminé fecundity in the present study. This
method was selected ovet the volumetric method (Lagler 1956) because the latter tended to
underestimate significantly the number of oocytes in the Eurasian perch (Treasurer 1981).
Oocytes, including those from the Eurasian perch, have been observed to sink rapidly in water
so that uniform and representative subsamples cannot be obtained with the voiumetric method
(Bagenal and Braun 1968; Craig 1974).

The total weight of developing oocytes from a single ovary was determined to the
nearest 0.0001 g with the ﬁse of‘a Sartorius 2400 digital analytical balance accurate to 0.00001 .
g. Then threc subsamples, each consisting of exactly- 200 oocytes, were drawn from the

oocytes of a single ovary, and each subsample was weighed. Fecundity was estimated by
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multiplying by 200 the ratio of the total weight of the oocytes from that ovary to the average

kS

weight of the three subsamples.

Reliability of [ccundi'ty determination

To determine the reliability of the procedure for determining fecundity, ten tnphcate
weighings of subsamples of exactly 200 oocytes were taken with replacement from the total
oocyte collection from one fish (Appendix 1, Tabic ?). The 200 oocytes were taken at random
and werc returned to the sample after cach weighing. The mean of triplicate weighings was
used to estimate the fecundity of the fish. Individual fdcundity estimates differed by -1.39%
to +2.24% from the overall mean estimate of 9,511 with a 95% confidence interval of 70. On
average, cach individual fecundity estimate varied by 0.93% from the overall mean fecundity
estimate. This demonstrates the reproducibility of the estimation method. Hence, the

variability in fecundity between individual fish was not due to <ignificant error of the method

- y

used.

Comparison of fecundity within and between lakes

Fecundity on total length relationships were used, i1n preference to fecundity on
somatic weight or age relationships, when comparing fecundity within a lake at different times
of the year, or belween lakes at the same time of the year. Comparison on.the basis of
fecundity on total length regressions has been commonly used in the perch literature (Thorpe
1977b; Tsai and Gibson 1971). Since somatic weight changes significantly with the approach
of spawning (Le Cren 1951, Wootton 1973). use of the fecundity on somatic weight
relationship is not reliable when comparing the fecundity of samples collected at’ various
times. Age has been consistently found 1o be poorly correlated with fecundity compz;rcd to
either length or weight in the yellow perch (Sheri and Power 1969; Tsai and Gibson; Brazo et

al. 1975).



24

Growth rates of female yellow perch
In order to determine the growth rates of female yellow perch, the mean total lengths
at different ages of '56 females from Mayatan Lake, 51 from Lac Ste. Anne, 47 from Thunder

Lake, and 47 from Narrow Lake were backcalculated according to Le Cren's (1974) method.

C. RESULTS

Temporal changes in fecundity of yellow perch during gonad recrudescence _
Yellow perch were collected from Mayatan Lake between 15 May 1983 and 15 March
1984, but only those females collected from 8 October 1983 onward were used in the

estimation of fecundity. Developmg oocytes in ovaries of females collected before Oc ober

[
<

could not be macroscoi)ically distinguished on the basis of size from the resting oocytes. Table

2.1 shows that from 8 October 1983 to 15 March 1984, a total of 148 females, ranging'in size

| from 14.2 cm (lowest fecundity, 1,909) to 25.1 cm (highest fecundlty,;)19~,333) were included
in this part of the investigation. | . ‘
For each monthly sample the relationship between total length and fecundity was
found tobe exponentral (Fig. 2.1, Appendix 1 Tabl° 3 Appendix 2, Figs. 1= 5) Logarithmic
_ transf ormatton of the data and regression of log fecundnty on log length using- the least square
method provxded the best f itofa straxght line, The F staumcs for the correlation coefficients
between total length and fecundity were all htghly srgmf 1cant (F value range 34.93 - 153 .08,
all P <0.001). Simultaneous comparisons of the five regressron lines, each representmg a
_monghly- sample, using analysis of covariance showed no sxgmfrcant differences between the
slopes (Appendix 1, Table 4) When compared with the elevauon of the October regressron
line, considered- as the mmal fecundity, .the January, February, and March regressions
declmed significantly in elevation. Comparison between January. February. and March
regressnon lines showed no significant differences in elevations. One- way analysrs of 'variance
for unequal sample sizes (Appendix 1, Table 5) showed no significant differences between the
mean total lengths of sumlarly aged females collected between 8 October 1983 and 15 March

, &
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"Fig. 2.1. Relationship between total length and fecundity
for yellow perch collected from Mayatan Lake, Alberta,
between 8 October. 1983 and 15 March 1984. For clarity,
only the data points for the sample collected on 8 October
are ‘shown. The lengths of the curves for the other dates
correspond to the range of data. ,The 95% confidence limits
of the regression estimates are shown in Appendix 2,

‘Figs. | - 6. T
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1984. This doe§ not support the possibility that the regressions of fecundity on total length
declined in elevation because of an increment in the size of the fish over the sampling period.
The_fecnndity of a female with a total length of 19.0 cm declined by 20% from October to

March of the following year (Table 2.2).

Comparison of fecundities of yellow perch from four lakes

A total of 201 female perch, ranging in total length from 9.9 10 22.6 cm, were
included in this part of the study (Table 2.3). The relationship between fecundity and total |
length in each lake was best déscribed by a logarithmic equation (Fig. 2.2; Appendix 1, Table
6; Appendix 2, Figs. 6 - 9). Total leng;h accounted for 75.3% (Mayatan and Thunder Lakes)
to 96.03 (Narrow Lake) of the observed variation in fecundity. The fecundity on 1éng[h
regressions {rom the four Jakes were then compared in terms of slopes and eleva;ions using
analysis of covariance. |

The regression coefficient b for the relationship of log fecundity to log total length
ranged from 3.360 (Lac Ste. Anne) to 3.822 (Thunder Lake). A test for significance of
difference among correlation coefficients showed highly significant differences between all the
lakes (F value range 74.60 - 382.29, all P <0.001). Hence, there were very strong correlations
between fecundity and total length in all four lakes.

Comparisons of the four relationships between fecundity and total lengths done using
analysis of covariance revealed no significant differences between slopes (P <0.05). However,
the elevations were significantly different between lakes (‘Appendix 1, Table 7). Hence, the '
rates of change in fecundity with body length were the same for all the lakes, but the levels

“about which the change occurred were different. Egg production for a female adjusted to a
total length of 16.5 cm was: Narrowl,v Lake 10,491; Lac Ste. Anne, 6,898; Thunder Lake,

5 662; and Mayatan Lake, 3,710.
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Fig. 2.2. Relationship between total length and fecundity for yellow
perch collected from four Alberta lakes in February 1984, For clarity,
only the data points from Narrow Lake (open circles) and Mayatan Lake
(solid circlcss are shown. The shaded areas correspond to the 95%
confidence limits of the regression estimates.
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Growth rates of females from four lakes

The growth curves for female perch from the four lakes are plotted in Fig. 2.3.
Multiple comparisons of "mean back -calculated total lengths of females of same age from
different lakes were done using the Newman-Keul's test for unequal sample sizes (Table 2.4).
Females froni Thunder Lake were consistently the fastest growing but at ages V+ and VI+,
their mean total lengths were not significantly larger than those of Mayatan Lake females (P
>0.05). The small sample size for Thunder Lake (n = 3) could explain the absence of any
significant difference at age VI+ between the Thunder and Mayatan Lake females. The test
might not be sensitive enough when the sample size is small. The females from Narrow Lake
were always significantly smaller than those from the other three lakes.
Fecundity and growth rate

The data show that slow-growling populations from Narrow Lake and Lac Ste. Anne
had higher fecundities -at a common length than their fast-growing counterparts from the

other two lakes (Fig. 2.2)

Length-specific relative fecundity ' —_-

Figure 2.4 shows that the mean number " of 'eggs per cm total length increased
. exponentially with the total length of the fish (Appendix 2, Figs. 10 - 13). The correlation
coefTicients between the two log-transformed variables for Mayatim Lake (0.75), Lac Ste.
Anne (0.90), Thunder Lake (0.80), and Narrow Lake (0.96) were all highlyfh‘; sigé'ificant (all F
values P <0.001). Females from Narrow Lake had the highest lgngth-specific f ecundity while
females from ﬁdayatan Lalie baq th_e lowest at any common length. The slopes of the
length-specific fecundity on total Ie-ngth‘ relationships could not be compared because of

heterogenous variances.
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Table 2.4. Multiple comparison of mean back-calculated total lengths

at different ages of female yellow perch collected from four Alberta

lakes.l

Mean Back-Calculated Total Length (cm)2
Age Group Mayatan Lake Lac. Ste. Anne Thunder Lake Narrow Lake
I+ 7.428 7.532 9.44° 6.36C
(56) (s1y (47) (47)
I+ 10.562 9.68° 12.57¢ 8.479
(56) (s1) - (47) (45)
‘ .
I+ 13.132 12.35° 15.02° 10. 149
(55) (41) (47) (40)
IV+ 15.132 14.602 17.00° 12.01°
(49) (29> (40) (26)
Ve 17.413P 16.34 2 18.62° 13.37¢
(35) (22) (15) (14)
VI+ 19.402 17.19° 20.89° -
21) . (7) (3) -
VII+ 21.022 21.45% - -

& (W - i

lMean back-calculated total lengths for each age were compared
using the Studentized Newman-Keul's method at the significance
level of 0.05. Ho: there was no significant difference in the
total lengths of female fish of the same age from various lakes.

2 .
Mean back-calculated lengths at any one age with a common super-
.s%ript were not significantly different at P < 0.05. Numbers in

pirentheses corresoond to sample size.
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Fig. 2.4. Relationship between total length and length-specific
fecundity for yellow perch collected from four Alberta lakes in
February 1984. For clarity, only the data points from Narrow Lake
(open circles) and Mayatan Lake (solid circles) are shown. The shaded
areas correspond to the 952 confidence limits of the regression
lestimates.
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Somatic weight and fecundity

The relationships between somatic weight and fecundity in all the lakes were lincar.
The correlation coefficients for these relationships were all highly significant (}-' value range
100.97 - 507.64, all P <0.001). Somatic wcxghl was able to explain a larger poruon of the
observed variation in fecundity than total lcngth { Aopendix 1, Table 8 - 12). The fecundity
on somatic weight regressions are plotted in Figure 2.5 (Appendix 2, Figs. 14 -17). Mcan cgg
production for a 42.0-g female was 11,858 for Narrow lLake, 6,559 for Lac Ste. Anne, 5,579
for Thunder Lake, and 4,548 for for Mayatan Lake. This represents a 2.6 fold difference in

fecundity between the most and the least fecund populations at a single body weight.

“’cight%pecific relative fecundity

The numbers of ococytes per gram of somatic weight were not significantly coyrclalcd
with somatic weight for fish taken from Mayatan Lake (r = 0.22; F valué P >0.05), Lac Ste.
Anne (r = 0.03; F value P >0.05), and Narrow Lake (r = 0.63; F value P >0.05)
(Appendix 2, Figs. 18, 19, 21). Thc relationship between the two variables was significant for
Thunder Lake (r = 0.46; F value P <0.01) where the relative fecundity increased linearly
with the somatic weight (Appendix 2. Fig. 20). The coefficients of variation for fecundity
(0.30) and somatic weight (0.21) for Thunder Lake were the lowest among the four lakes.
This could account for the fact that%nly in Thunder Lake was there a significant correlation

between the number of cocytes per gm and somatic weight.

OvAary weight and fecundity

There was a linear relationship petween ovarian weight and fecundity for fish from
the four lakes studied (Appendix 1, Table 9). F-statistics for the correlation coefficients were
all consistently high in significance (F value range 86.97 - 2.579.56, all P <0.001). The
scatter diagrams are shown in Figure 2.6 (Appendix 2, Figs. 22 - 25). Ovary weight explained
74% (Mayatan Lake) to 98% (Narrow Lake) of the observed variability in fecundity . This

indicates that in some lakes, there were ﬁnarked Jifferences in oocyte size and/or amount of
{ " -
3 s
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Fig. 2.5. Relation between somatic weight and fecundity
for yellow perch ﬁﬂ&!ﬁted from four Alberta lakes in
February 1984. 4 ity, only the data points from
Narrow Lake (open s) and Mayatan Lake (solid circles)
are shown. The lengPfhs of the lines correspond to the range
of data. The 95% confidence limits of the regression
estimates are shown in Appendix 2, Figs. 14 - 17.
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connective lissue at a given ovary weight.

Age and fecundity
A loganthmlc rcgresslon best described the relationship between fecundity and age in
three of the lakes (Fig: 2.7; Appendix 1, Table 10; Appendix 2, Figs. 2 - 29). However, the
correlation coefficients were low compared to those of fecundity on total length or somatic
weight or ovary weigﬁt relationships. This could mean that factors other than age contribute
substantially to the variation in fecundity. The fecundity ‘on age relationship for Thunder
Lake was lmear (Fecundlty = 2352.73 Age - 22. 70: r = 0.52; F = 10.20, P <0.005). Hence,
the rate of increase in fecundity with age was far slower for Thunder Lake (b = 0.80) than
Mayatan Lake (1.43), Lac Ste. Anne (1.61), and Narrow Lake (1.68). The variations in
absolute fécundities:’wer_,e considerable to the extent that the range in Heach age group
sometimes ow)erlapped into two or three other age groups. Age was able to account for from a
low 27.04% (Thundef Lak.e) to 86.49% (Narrow Lake) of-the observed variation in fecundity.
Hence, age was the least reliable predictor of egg productién.
O At all ages, the females‘ from Thunder Lake showed the highest fec‘undity while those
from Mayatan Lake showed the lowest (Fig. 2.7). Females from Mayatan Lake matured later

than those from the other lakes. Table 2.5 compares the mean fecundities of the various age

groups from all four lakes (Appendix 1, Table 11).

Best predlctor of fefundlty
The four mdepexrdent variables, total length, somatic welght ovary weight, and age,
were 2l hnghly corrclated both with fecundity and with each other (Appendix 1, Table 12).
. Hence@ it was hlghly probablc that an apparent correlation of the dependent variable
: (@cuﬁdxty) w1th one of the four presumably independent variables could have been spunous
anduaue primarily 10 its correlation with a second independent variable. In order 1o determine
net relationship between each of the independent variables and fecundity, without interactions

among the independent variables, a series of logarithmic mul#ivariate regression analyses of

&
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Fig. 2.7. Relationship between age and fecundity for
yellow perch collected from four Alberta lakes in

" February 1984. For clarity, only the data points from
Thunder Lake (open circles) and Mayatan Lake (solid
‘circles) are shown. The lengths of the lines correspond
to the range of data. The 95% confidence limits are
shown in Appendix 2, Figs. 26 - 29.
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Table 2.5. Comparison of mean fecundity of various age groups of

yellow perch c¢

ollected from four Alberta lakes.

"Lake

. |
Mean Fecundity at Age

I1+ III+ IV+ V+ Vi+ VII+
Mayatan - 3,242 3,837 6,535 7,516 9,395

- (6) (3 6n a3
Ste. Anne - 3,617 5,300 7,831 10,863 15,088 .

- : (12) (19) (38) (19) (2)
Thunder - 7,552 9,501 11,327 14,128 -

- o Ge) (4 (@) -
Narrow 1;747 2,477 3,295 7,406 8,935 -

M (2) (n ) (1) -
}Numbers in parentheses refer to the number of fish in each age

group.



u ‘
fecundity on total length, somatic ‘weight, ovary weight, and age was done. The significance
of each of the overall regressions and of each of the partial regression coefficients (slope)
relating fecundity to each of the 1ndependem parameters is shown on Tables 13 10 16 of
Appcndlx 1. | \

In the four-variable regressmn analyses for Mayatan )Lake Lac Ste. Anne, and
Narrow I.A‘ake neither length nor ‘weight nor age conmbuted significantly to the predxcnve
value of ‘the equations. As expected, ovary weight was very highly correlated with fecundity in
all the lakes. Only for the Thunder Lake data was age found to be significantly correlated,.
apart from ovary weight, with fecundity (Appendix 1, Table 17). When the non-significant |
total length and somatic weight were omitted from further analysis, and fecundity wasl‘
regresséd on ovary weight .and-age, the llattef was significant only at the 5% level. Moreover,
the multiple correlation coefficient of fh: fecundjty on gorizé weight and age r*tionship
(0.98) was no different from that of u};e‘» regression on ovary weight alone (0.98). Hence,
‘tﬁere was lno advantage gained by adding age to gonad weight in .the predictive po‘\ier of the
~ equation. Thus, gonad weigﬁt a"t any one date was the best preéilctor of ergg ‘prod&ction in all
the lakes. | ‘

To determine which of total length or somatic weight was a better predictor of
f eéundity. two-factor regressions of i’loé fecundity on log total length and log somatic weigbt
were done (Appendix 1,‘Tablcs 18 - 20). Somatic weight emerged as a better predictor of
fecundity than total length in Mayatan Lake, Lac Ste. Anne, and Thunder Lake. When eithér
length. or weight wer:'é entered first in the two-variable equation for Narrow Lake; the F
. variance ratio was zero for the Temaining variable, i.e., length and wéight were equally robust
in predicting fecundity in Nafrow Lake, Thus, somatic weight was the second best predictor
of egg production. | |

o
Age-length and age-weight interactwm;
When the effect of either -~ ‘~ngth or somatic weight \;vas factored out, age had no

further significant effect on the va .z = fecundity (Appendix 1, Tables 21 - 28).



Age and size at sexual maturity

A total of 494 female yellov: perch were collected from the four Lakes between 25
December 1982 apd 15 March 1984 (Table 2.6). A female Was classified as either sexually
immature or mature based on the macroscopic/ﬁdescriptions of gonads given by Kesteven
(1960). Immature females could be easily diséguished by their tiny thread-like ovary, found |
below the ajr bladder, which was characteristically translucent with no visible oocytes. Egg -
production was dominated by age V+ females in Mavatan Lake and Lac Ste. Anne, and IV +
females in Thunder Lake.

With the exception of one fish from Narrow Lake, no females matured at age Il +.
Age 111+ seemed to be the most common age for the onset of sexual maturity for all the lakes
except Mayatan where only 29% 6f I+ females were reproductively mature at that age. In
Mayatan Lake most females (80%) were mature af age 1V + although a few (6%) remained
immature at age V+. All females at age Il1+ or older from Narrow Lake, IV+ from
Thunder Lake, IV + from Lac Ste. Anne, and VI+ from Mayatan Lake were mature.

' One-way analysis of variance for unequal sample sizes was used to test differences
between lakes in the mean total lengths and mean somatic weights of mature and immature
females within the same age class. This revealed that within Mayatan Lake, immature females
were significantly shorter and lighter than mature females at ages IV+ and V+ (Tables 2.7 -
2.8). Mature age IlI + fcrnlgl’;:s Trom Lac Ste. Anne were also significantly longer and heavier
than similarly aged but qimmature females fram the same lake. No such dif ference in size was
found between immature and matuge’ 111+ females from Mayatan and Thunder Lakes.

However, the absence of any significant difference may be due to the small sample sizes used.
D. DISCUSSION

Temporal changes in fecundity during gonad recrudescence
The present study presents direct evidence that in the yellow perch, the upper limit of

fecundity is set early in oogenesis and that this maximum p&gtial fecundity is modulated
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Table 2.6. Numbqr of mature and immature female yellow perch, collected

from four Alberta lakes, at different ages.

Age (year)

Lake 11+ 1T+ IV+ Ve VI+ VII+  VIII+
Mazatanl
Mature 0 8 (297) 76 (807) 83(947) 48 16 I
Immature 1 20 (712) 19 (207%) 5 (672) 0 0 0
(focal) 1 28 95 88 " 16 |
Ste, Anne2
Mature 0 16 (767) 28 50 21 2 - -
Immature 7 5 (24%) 0 0 0 0 -
(Total) ; ;T' ;g ;a ;T ;
Thunder3
Mature - 11 (792) 41 17 4 - -
Immat ure - T 3219 0 0 0 - -
kTotal) T: :T :; Z
NatrowA
Mature 1 (252) 2 l 4 ] - -
Immature 3 (75%) 0 0 0 0 - -

]

(Total) 4 2 1 4

1 ,
Samples were collected between 25 December 1982 and 17 January 1983,
and between 8 October 1983 and 15 March 1984.

2
Samples were collected between 18 January and 23 February 1984, and
between |7 February and 12 March 1984,



Table 2.6, Continued ...

1

3Samples were collected in 22 February and 16 March 1984,

4
Samples were collected in 23 February 1984.

47
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downward with the approach of spawning. This finding supports a similar theory by Hislop et
al. (1978) and Robb (1982). whose work on the haddock, Melanogrammus aegel finus.
documented a temporal decline in fecundity. They proposed that such a decline in potential
fecundity is correlated with adverse climatological factors operating during the later part of
the maturation period of the oocytes. In the present study, the initial fecundity declined from
October 1983 through to January 1984. Consequently, estimates made before January could
lead to an overestimation of the actual fecundity. For a female \#nh a total length of 19.0 cm,
the potential fecundity declined by about 20% between Octobcr 1983 and March 1984
Whether this decline in fecundity occurs every yeal Of only when the winter is “unusually
adverse has not yet been established. However, lhc. lack of preovulatory atresia, the
mechanism for limiting the initial fccurf(i)ny in the Eurasian perch (Jellyman 1980; Treasurer
and Holliday 1981) may indicate that such decline does not happen every year.

Two explanations are given 10 account for this temporal decline in the fecundity of
yellow perch. First, the occurrence of preovulatory atresia in half of the sections of Stage V
and VI ovaries, collected in February and March, could explain the observed declined in
fecundity with the approach o*‘ spawnmg (sepe_(-j‘hﬁner 3): The extent of atresia in the sections
could not be quantified because the hi ological technique required unsuitably small blocks of
ovary tissue for fixing and embedding. The occurrenée of atresia did not necessitate

corrections in the estimates because atretic oocytes would almost certainly disintegrate in

Gilson's fixative (Macer 1974).

LA LS
vr,;.w

How common is atresia in the yellow pcrch” The occurrence of' ?.LICSla in perch from

; o
Mayatan Lake could not be extrapolated as a common phenoanon to ﬁxe other th:ee lalgnes"'i

4

rg' . ’1»‘4

because histological studies were not done on ovaries from thcse lakes Al;hough_\;,qglyman ‘

(1980) and Treasurer and Holliday (1981) reported no preovulatory atresm in Lhe Eurasxanb"‘“

perch, it has been known to occur in a population of the specxes m Han;*mon La.k
Zealand (Graynoth, per. comm., cited by Jellyman 1980)“ Consmferable atresxa ha,s becn

r&' i

documented in the sturgéon, Acipenser sturion, where pou:g

lo 4% due to atresia (Badenko et al. 1973, cited by Treasizer, At Hohday 198}) Sxmxlarly

LI ey
PRSI

Tt

£ undxty was reduced by 30
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)

resorption of more than 50% of maturing oocyles has been documented in the brook trout.
Salvelinus fontinalis (Vladykov 1956; Wydoski and Cooper 1966) and northern pike, Esox
{ucius (June 1970). Atresia is believed to be mediated by intensified and altered endocrine
activity possibly as a result of stress (Ball 1969: Volodin ¢t al. 1974). Factors such as
restricted diet (Scott 1962; Hester 1964; Robb 1982), high population density (Warren 1973) .
and extreme fluctuations in water temperature and level (Hodder 1963, Junc 1970}, are
believed to increase resorption of oocytes. o

Another possible explanation for the apparent decline in fecundity in the present work
could be an artifact of the method used to determine fecundity. In spite of the distinct
separation in size on microscopic examination between the resting ococytes and the larger
developing oocytes by August (Fig. 3.11, Chapter 3). the small size of both types of cocytes
made their separation by macroscopic examination in the October sample of ovaries dif ficult.
This might have led to the inclusion of some large-sized resting oocytes with the developing
ones which were counted for fecundity estimation. Data from Chapter 3 (Fig. 3.11) showed
that overlap in the size of th‘c resting and developing oocytes did not occur bevond July.
However, as late as September, Treasurer and Holliday (1981) still detected overlap in the size
of oocytes in the ovaries of the Eurasian perch. The inclusion of large-sized resting oocytes
with developing oocvtes, when estimating fecundity early in oogenesis, and the overlap in size
between the two types of oocytes could both lead to an overestimation of fecundity.

The four studies which have reported fecundity for the yellow perch used animals
collected at various times ﬁefore the): A%actual spawning tigne. Sampling ranged from many

; "

mo'nths before spawning (SReri and ‘Po:veg*?‘l%‘)) to the actual spawning ﬁcriod {Tsai and
Gibson 1971). The reliability\of fecundity estimates early in cogenesis was questioned by Tsai
and Gibson (1975) who felt that counting the large oocytes during the summer may lead 10
results different from those obtained by the usual method of counting maturing ova just prior
"to spawning.

Further studies should be directed to answering a number of questions. First,Adocs the

present finding of declining fecundity over time in the yellow perch indicate a strategy 10
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5,
maximize the rrumber of oocytes recruited' into development in anticipation of optimum winter
- conditions, e -2 shorter ice-covered period? This would enable the f ish to maximize
_teproductive output whenever envrronmental factors are favourable. Second when adverse
conditions prevail, do the- yellow perch 1) sacrifice egg production by resorbmg oocytes in
rder to mamtam a certain body size that will ensure survrval through the rlgours of spawning

and 1o carry a larger ovary fof the next reproductive cycle? Or does the $pecies opt 10 2)

" Tsacrifice body Weighl by shunting energy into“the ovaries? Under experimental conditions, the '

three-spined stirkleback, Gasterosteus aculeatus, gives priority to egg producftion when faced
with food shortage resulting in-a significant declihe in the wéigm and energy content of the
soma’ (Wéotton' 1979). In cpntraét, f ieid and lab,oratsry observations in the winter flounder,
Pseudopleuronectes platessa, indicate that they réaidily reduce the number of odcyres
undergoing vitellogenesis, when food is scarce (Tyler and Dunn 1976). This allows them to
maintain‘ body;weight so that when favourable c‘onditiong occur, they are able to produce a

heavier ovary.

4 .

Comparison of fecundities of perch from fourlakes ~ *

The results of this part of \th,e study suggert an iriversé relationship between érm}vth
rate and fecundity in yellow perch. Females from the slow- growmg popu]atxons were more
fecund than females of Lhe same length from fast -growing populations. Consmem with the
characteristics of an r-selected population (MacArthur-and Wilson 1967), fish from Narrow |
Lake, where the abundance of yellow peich is possibly low because-of very high mortality of

the young of the year (Mackay, per. comm.), exhibited the highest length-specific fecundity

~ when compared to similérly sized fish from the other lakes. Those from Mayatan Lake, where .

the populanon density was probably the highest, showed the lowest fecundity at a common
length. Based on data collectec from 1956 to 1961 Bagenal (1963, 1966) found that in the’
plaxce Pleuronectes platessa, fecundity was inversety related to population density. He
beheved that heavy flshmg of f the southwestern coast of Scotland from 1954 101956 reduced

population density in some fishing grounds, and this led to decreased intraspecific competition

»
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4 for food supply, which led to increased fecundity in the fish. Conversely, in places where the

plaice were plentiful, like the North Sea (Simpson 1951) and'soulhwest coast of lceland

h»

(Bagenal 1960), the fish were less fecund. However, olh {aclors may be involved amde from

food resources and population density because R N did not mcrease in the Baltic plaice
g 5:' by exploitation (Bagenal 1966).

A possible role of age in the 'delermination of fecundity should not be overlooked
since the more fecund females from slow -growing f;opulatlons are older at the same size than
members of fast-growing populations. Reibisch (1399) and Franz (1910) (both cued by
Bagenal 1969) proposed that the Baltic plalce Pleuronectes platessa were more fecund than
the North Sea plalce because the former were older at the same size. Simpson (1951) restudied
the plaice fecundity in the same areas, after the growth rates of the fish in both fishing
grounds were about equal due to drastic changes in population density as @ result of fi 1shmg
He found that the prevnously slow - growmg Baltic plaice were stili more ecund than the North

ea fish of -the same lengm and age. He thus refuted Reibisch and Frant's h)’POthst. The
spawmng experidnce of older fish may have an ef fect on fecundity because repeal Spawners in
«the haddock, Melanogrammus aegel finus (Hodder 1963) and capelin, . Mallotus w/losu;
(Wihters 1971),are more fecund than first-time spawners of the same age and length.

Gerkmg (1959) after reanalyzing data on the plaice, came 1o the concluswn that the effect of

.. age may be masked by considerable variation in fecundity between and within populatmns

Total length 4nd fecundity

The regression of fécundity on total or fork length is the relationship most commonly
4

used in examining and comparing €gg Production in perch populations (Thorpe 1977b).
Although gonad weight and somatic Weiéht are §upefiof to total length in predicting egg
prodllCllOl’l. total length is the most practical parameter to use becausc: 1) it is easily
measured in the field and does not require that the fish be sacrlflced 2) it can adequately

explain the observed variation in fecundity; and.3) it does not show any Slgmflcam interaction
) P T

 with age in predicting fecundity. Moreover, samples collected: at different times of the year

g )
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can be validly compared by using fecun@x on leﬁgih relationship because the magnitude of
change in length with thc approach of the spawning'time is not as high as that of either

somatic or gonad weight (Bagenal 1978) In lhe roach Rutilus rutilus, bleak, Alburnus

alburnus- (Mackay and Mann 1969), camsh. Clarias lazera (Clay and Clay 1981), and

summer flounder, Paralichthys deruatus (Morse 1981), body length is a be&er predictor of egg
producuon than either weight or agc

Based on 124 observations from 62 manne and freshwater species, Wootton (1979)

found that the values for the slope of fecundity on [Qtal length ranged from about 1.0 to 7.0

but clustered between 3.250 and 3.749. Simpson (1951) argued that the cubic relationship of

egg number to length could be explained by the fact that the germinal epithelium is sO

convoluted tnat ‘{t fills the volume of the ovary. Fecundity is a function of ovary volume and’

thus the cube of \§he lengm | A % ' ,

The rcgrcssxon coefficient b. (slope) of the fecundity-body length relauonshlp for the

four lakes studiedy ranged from 3.685 (Mayatan Lake) to 3.822 (Thunder Lake). These slopes.

are higher than the 2;704 reported for yellow perch from Lake Ontario (Sheri and Power
1969, »recalculated‘by Tsai and Gibson 1971) but lower than 3.999 for the Severn River in
Maryjand (Muncy 1962). The fecundities of the four Alberta lakes are compared with four
other geographical locations in Fig. 2.8. The fecundity of a Narrow Lake female: with a total
length of 16.5 cm, is 2 and 3 tixnés tiiat of females from the Patuxent and Severn Rivers of
the same length, (fork iengths were adjug%to total lengths usmg the equatioa denved by
Nakastnma and Leggctt 1975) If the estimate made by Sheri and Power (1969) for the yellow

~perch population from Lake Ontario is disregarded for possible overestimation since they need

ovarjes collected in the summer, and if adjustments aremade so that all regressions of

fecundity are made on total rather than fork length, it appears that Narrow Lake and Lac Ste.

’

literature.

]

*

The fecundity of fish from Thunder Lake was nearly the fourth power (3.822) of the

total length. A similar phenomenon had been found in yellow pcrch from rich estuarix;e
N . " w )

Anne females are mote fecund than fish of the same length from populations reported in the .

ot

[

i
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B - ' :
populations (Muncy 1962; Tsai and Gibson 1971). This had been correlated with the

~unusually heavy body 'weight and, hence, high slope of weight on length. Muncy (1962), who

reported a slope of 3.999 for fecundity on fork length regression, found that the somatic
weight on fork length relationship had a correspondingly high slope of 3.461. Thxs is greater
than that reported for the ma]onty of the perch populations in North America - 3.015 for
Lake Erie (Jobes, 1952), 3.054 for the Michigan lakes (Beckman 1946) and 3 112 for Lake
Huron (El-Zarka 1959). However, the slope of somatic weight on total length relationship for
the Thunderl Lake females (2.830) is lower than all the above values. Clearly, other
unidentified factors, possibly genetic, should be sought to explain the nearly, quadruplicate
relation of fecundity to length in Thunder Lake. The perch in Thunder Lake had been stocked
in 1980 and were self -sustaining when sampled. The fish used for stocking wefe obtained from
Cle;a(rlLake where their growth rate indicates stuntmg (Norris 1984).

‘(’“u

Somatic and ovary weights and fecundity

The present work shows that somatic weight is a better indicator of egg production
than total length. Previous reports’ on estuarine populations of the yellow perch showed a
beiter correlation of feeundity with fork length than with somatic weight (Muncy 1962; Tsai
and Gibson 1971). Perhaps in stunted slow- growing populations of yellow perch located near
the limits of its geographxc range, like those studied here, somatic energy reserves are very

xmponam in sustaining ovanan recrudescznce over the winter ‘period when the fish are

) presumably food limited. In the femle estuarine environment, length may be more critical

than weight in determining fecundity since length is directly related to the ability to compete
for food which is easxly avaxlable even during the winter penod

It has been argued that smce weight is closely related to the ‘condition of the fish, it
should be a better indicator of egg production than length (Bagenal 1978) In the brook trout,
Salvelinus fontinalis (Wydoski and Cooper 1966), yellow and Eurasian perch (Sheri and Power
1969: Treasurer 1981, present study), dolly varden, Salvelinus ‘malma (Blackett 1973),

groupers, Epinephelus spp. (Bouain and Siau 1983), and the clupeid Pellonula. afzeliusi
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(Ikusemiju et al. 1982), weight is bettér correlated to fecundity than length. In all the species
named above, fecundity is linearl"y related to weight.

The data collected in the ‘presem study showed no decline in 1\Ik’1e number of oocytes
per unit of body length as length increased. Previous investigations of the Eurasian perch have
demonstrated an inverse relationship between relative fecundity and length or weight of the
fish (Stehlik 1969; Federova and Vetkasov 1975; Jellyman 1980; Bregazzi and Kennedy 1982).

It must be pointed out that all these studies included older, lbnger, and hea_vier perch than
those collected in this study. Age-Ttelated degenerative changes in the ovaries of ’oldcr and

—

larger females may help explair} this phenomenon ofw declining relative fecundity in large fish
(Woodhead and Ellett 1969; Woodhead 1974). i
In contrast to the findings of the present study, the perch literature reports
semilogarithmic relationships between’ fecundity and ovary weight. This discrepancy could be
attributed to the peculiarities of ovaries from the larger fish, 13.5 to 25.7 c¢m fork length in'
Lake Ontario (Sheri and Power 1969) and 19.0 to 35.7 in Lake Michigan (Brazo et al. 1975)_,
used in previous reports. Connective tissue surrounding and permeating the ovaries increases
disproportionately in larger fish (Hickling 1940; Bagenal 1978). Moreover, the eggs from big
fish are larger than those f’rom smaller ones resulting in lower length or weigh}t specific
fecundities than would be possible had egg diameter remained constant throughout the range

of fish size. The latter has been observed in the Eurasian perch (Craig 1974; Bregazzi and

Kennedy 1982).

Age and fecundity

There is no published information for the yellow or Eurasian perch on the effect of
age on egg production independent of other body parametefs. The multjvariate regression
analyses done in this work showed that variation in age makes no contribution to variation in
fecundity beyond that predicted by differences in length or weight. Nevertheless, the effect of
age should not be totally dismissed. Healéy and Heard (1984) demonstratemrly in the

Chinook salmon, Oncorhynchus tshawytscha, that populations tha; spawn at an older age were ‘
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’ 7
more fecund at a common length than populations that reproduce at a younger age.

Age and size at sexual maturity

In Lac Ste. Anne and Thunder Lake, sexual maturity at age [I1+ seemed to be
common. This finding agrees with observrrtions on the species from Saginaw Bay, Lake Huron
(Hile and Jobes 1941), Lake Mendota (Hasler 1945), and Severn RIVBI’ Maryland (Muncy,
'1962). Most females from Mayatan Lake did not mature until their fourth year of life. Scott
and Crossman (1973) regard maturity at age IV + as most common in North America. Female
vellow perch from the Alberta lakes studied generally matured at smaller sizes than those from
the lakes mentioned above.

It is possible that fish size is more important than age as a determinant of the-onset
of maturity as shown by‘ the fact that mature age IV+ and V+ from Mayatan Lake and age
III% from Lac Ste. Anne were significantly larger than immature females belonging to 'tﬁé
same age class. No previous work has reported differences in size between mature and
immature females of the same age. Female yellow perch from Lake Michigan near Ludington,
Michigan. the fastest growing among the populations in the ‘f ive regions of the Great Lakes,
generally mature-at age I + owing to their large size (Brazo et al. 1975). Fast-growing stocks
‘of male Eurasian perch are known to mature at the en&of their first year of life (Petrovski
1960, cited by Thorpe 1977b; Craig 1974).

The mean total lengths of females at the time of sexual matrrrity observed for
‘ Mayatan Lake (16.58 cm at age IV+), Lac Ste. Anne (13.63 cm at II1+), and Thunder Lake |
(17.58 cm at II1+ ) were shorter than the length‘re%orted for Saginaw Bay, Lake Huron (Hiles
and Jobes 1941) and Lake Michigan’' (Brazo et al.. 1975) which had a mean standard length at
sexual maturity of 17.4 and 20.6 cm, reSpectively. Population-density-independent factors,
‘such as extreme tempegature, short growing period, and short breeding season, operate in
tgese Alberta lakes, which are much further north in the geographic range of the yellow
perch “These factors could possrbly explain the early maturity at a far smaller size and hrgher

fecundrty at a comu%glength than females from lower latitudes. Whrle recogmz.mg that'
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favourable growth may lead to early maiurity. Alm (1952) reported that Eurasian perch
found in very unfavourable environmental conditions a.re slow-growing and spawn at an early
agi:; V‘Similarl_v. Martin (1966)‘fo"that slow-growing plankton-feeding lake trout, Salvelinus
namaycush, matured earlier than fast-growing fish-eating populations. Following a shift from
a diet of yellow perch, which disappeared _from the lake, 16 stocked cisco, Coregonus artedii,
lake trout in Lake Opeongo in Ontario increased in growth ratc but matured a year later than
previously established (Martin 1970). This was a case of faster growth rate actually delaying

. sexual maturity.

E. CONCLUSIONS AND SUMMARY

(1) The present work shows that the an.nual maximum fecundity in the yellow perch
is desermined early in gonadal recrudescence. This potential fecundity is modulated downward
by preovulatory atresia, which maybe brought about by adverse enviro\r?mental faciags
operating during the 'maturation phase of the oocytes. Thus, counting oocytes early in
oogenesis could lead to an overestimation of f ecundity.

(2) Comparisons of the fecundity on total length regressions of females from four
populations showed equivalent slopes but significantly higher elevations for ‘\slow~growing
females than for fast-growing females at a common length. Hence, fecundity is inversely
related to the growth rate of the fish.

(3) In the four lakes studied, fecundity is logarithmically related to total length, and

linearly related to both somatic and ovary weights. As expected, ovary weight was the best

predictor of fecundity. Afthough somatic weight generally had a stronger correlation with

fecundity than total length, the latter was the most practical index of egg production.
Fecundity was logarithmically related to age in all but one lake, where the relationship was
linear. Consistent with previous TEpOIts, age is the poorest predictor of fecundity. Age
contributes nothing significant to the explanation of varialiod in fecundity beyond. that

predicted by variation in either total length or somatic weight.
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(4) Female yellow perch from the Alberta lakes studied were sexually mature at
shorter lengths and were more fecund at a common length than females from more southerly
populations.

(5) Mature females were generally larger both in length and weight than immature
females of the same age. Beyond the first year of life, size rather than age appears 10 be most

important in determining the onset of reproductive maturity.
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L. HISTOLOGY OF OVARIAN RECRUDESCENCE IN THE YELLOW PERCH (Perca

flavescens Mitchill) FROM AN ALBERTA LAKE

™

Although the ddrly development (Mansucti 1964), life history (Muncy 1962). and

A. INTRODUCTION

reproductive biology (Ha‘r'r'i'nglon 1947, Concﬁc et al. 1977: Hokanson 1977, Thorpe 1977a,
1977b) of the ycllow chch Perca flavescens (Mitchill), are well documented, no work has
berch cgg and ovary were superficial, being limited to simple descriptions of structures. Ryder
(1887) noted tha.l the egg membrane (chorion) in the vellow perch "Eoins'nstcd of an inner
laver. which he considered homologous to*zona radrata, a middle layer, which he described as
dislinctivcly thick, elastic, and radiated in appearance. and an outer adhesive laver. He also
described the presence of a pore canal on the surface of the egg which lcﬁds 10 the micropyle.
Mansucti (1964) égrced with Ryder's description of threc lavers of the chorion. She observed
that unferulned cggs contain diagnostic lipid droplets that impart a dark-vellow colour to

A
Lhem Parkcr (1942) observed that unlike many teleosts, the vellow perch have only one ovary

N Q

which liqs Qnﬁhe midline of the body cavity below the swim bladder and above the digestive
P

Before the publication of Treasurer and Holliday's (1981) paper. there was also a

fpaucnv of data on the hxstolog) of the ovarian cycle in the Eurasian perch, Perca fluviatilis

4

- f (L) Previous studies on the Eurasxan pcrch had been limited to evaluation of gonad

deyelopmem either in terms of macroscopic description of the different stages of maturity

‘ ‘;.i

(Kesteven 1960) or use, of gonadosomatic index (gonad weight as a percentage of wmq’

‘ﬂ

welght) (Le Cren 1951; Cralg 1974).

Yellow perch ate annual spawners that lay all their eggs al one time during periods of

. Tising water temperature in the spring (Hokanson 1977). Their eggs are group-synchronous in

“developmem Ir\ species with group-synchronous development, two populations of oocytes can

be - d‘ffcrenuated at one time. A clutch consisting of oocytes which develop synchronously.
-
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and» another consisting of smaller oocytes at different stages of development from which the
former clutch is recruited ( Wallace and Selman 1981). Synchronous development permits the
| study of the time course ot' oogenesis by’sam‘pling‘ females from a population during ovarian
' recrudescence The present study takes advantage of this feature of yetlow perch.
The growth of the ovary in Perca spp. occurs during the coolest months Df the year
when somatic growth is minimal. Based on studies in the Eurasian ‘perch (Le Cren 1951;
Koshelev 1§63) and yellow perch (Braz_o 1973’,‘cited by Hokanson 1977), the reproductiye
cyele 1s aj follows: After ovulation in spring, the ovaries undergo a transitiona‘l stage of
| maturity, ‘which is characterized by’ resorption of residual eggs from the previo’us spawning.
During the next stage ‘lasting’ about 2 1/2 months from mid June to August the primary .
oocytes enter a phase of actrve vitellogenesis with minimal change in size. Further growth of
the oocytes, accompamed by vacuolatron is observed from early September to late October ‘
‘Fatand yolk deposition begin in November Growth‘ and maturatron of the oocytes continue
untrl spawning during the spring of the following year
~ Although the éhrsto]ogy of ovarran development may be srmrlar in the two perch
B specres the author felt that a separate study of the yellow perch was warranted particularly of '
hd a populauon from a northern location which exprrences shorter growm‘g\season and longer
iy wmter than the Eurasran perch populations prevrously studied. N \ -
| _- The Ob]eC[lVCS of the present study were to descrrbe hrstologrcal changes in thc ovary

3

i of the yellow"perch during recrudescence and to detern'unc how these were related to ch’anges .'

- m gonadosongatrc rndex Emphasrs is drrected toward the 1) determmatron of the trmrng of "
N L

e recrurtment 2) rdem:f rcatron of the deve]opmental stage at whrch recrurtment occurs ‘and 3) ;
)

R
-4

" the' presence of preovulatory oocyte degeneratron that could etplam the observed declme in ¥
4 -

.‘lfecundrty towards the spawmng season (see Chapter 2) o s e .

» . : - S i’ » R [ v
N R [ N c BAREE S



'B. MATERIALS AND METHODS

Yellow perch were captured by the use of Windermere traps (Worthington 1950) and
angling in Maya‘lin Lake (53°30' N, 114" 15 W) from 15 May 1983 to 16 March 1984. At
each samplmg -date, ovaries were collected for hrstologrcal studies from six females rangmg in
total length from 17.0 to 20.0 cm. The lengrh range was deliberately kept small because egg
size is known to be positively correlated wrth bpdy size in the Eurasran perch (Crarg 1974
Bregazzi and Kennedy 1982). S .

Portions measuring 0.5 cubic cm in size from the antenor middle, and posterior
regions of the ovary were fixed immediately in the held in 2 5% glutagldelmde m rsoro-mc A "
phosphate buf fered sucrose solution (pH 7.4) at 4 C for at leas‘l’f;‘i hrgss lns vygs f oﬂowed by
A":four washrngs in isotonic phosphate- -buffered sucrose solution and by storage in 70% ethyl
:alcehol After dehydration in absolure ethyl alcohol the samples were embedded in JB4, a
"plasure resin manrrfactured by Du Pom Company Newtown Conngcticut. Secuons were
, subsequenrly cut with glass knives at 30 pm, stamed in polychrome l and countersramcd in =
vpolychrome Il (Mackay and Mead 1970).

The stage of maturity was determmed for the six ovaries using the descnprwe method

n

devcld.ped by ,Kesteven @19‘% y Arl ovary showmg the matumy sgge most common to the
.*.ﬁ ,n,.g"‘ D -Q_ .

ovaries was ‘then selectem oocyte measurements A total of 100 oocytes wére then measured
at rando‘?n fror‘g/one representatrve ovary. The drameters ‘were measured on the longest axis
since the oocytes were not perfectly spherrcal Only Lhose oocytes sectroned through the nucler
~were -measurec_l. The extent of ovarian: development was expressed as the gonadosomatlc index
(gonad weight ‘as a percentage of ‘the somatic weight). u 4
, S

CRESULTS - \ N

‘»x

Table 3. 1 shows rhe mean drameter and 95% conf idence lrmrts fi or oocyte drameters als
each maturity: stage Oogoma were presem in ovarres at all sLages of maturrty but they were

‘measured only in Srage I1. Their size appeared 10 remam constant/throughou; tﬁegeﬂu‘@y 2 .
: . . . LI % ’
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Table 3.1. Mean diameter (pm) of resting and devé10ping oocytes at
different maturity stages of the ovary for yellow perch collected from

Mayatan Lake, Alberta, on ten differenc‘daCes.

Resting Oocytes Developing Oocytes
Mg

N:Sampling Matﬁri;y Stagg; Mean Digmeter Mean Diameter
| Date of the Ovaryl. + 95Z C. L.2 n t 957 C. L._ n
1983
|S May  IID (Maturing virgin)> = 160.2%15.2 100  not observed
15 May - IIR (Recovering mature)a 161.7+ 6.1 100 knot observed
27 June III (Developing ea?&y) 136.0t 6.2 100 263.8+ 5.9 100
27 July III (Developing early) 144.0t 5.6 95  262.8+ 4.2 96
14 August IIT (Developing early) 120.2: 8.8 K90 ' 373.3+ 5.7 100
18‘O;cober IV (Developing late; 131.0t 4.5 100 "812.7 t 9.6 100
5 December v (Dévelopiﬁg late) 130.5+ 4.7 100 832.4+ 7.8 IOOm
1984 |
28 January Iv (Developing~1ace) 137.8+ 6.4 100 | 863.6 + 8.7 100
28 February V.(Gravid) R 140.2+ 6.3 100 956.4 t‘14.2 IQO-
16 March VI kSpawning) o 144.5¢ 5.9 100 1,004.2 £ 15.3 XOO

- . -
‘The maturity stages of the ovary were designated according to

~ Kesteven (1960) y

. C. L. = confidence limits

3 N ., ) i
Oogonia were measured only in Stages IID and IIR. (Stage IID: medn
diameter = 57.0; 95% confidence limits = 7.9; n = 20) -

.. '/ | ‘ . - Vo

*(Stage IIR: mean diameter = 57.3; 951 confidence limits = 8.7;’
ne= 20) ) [ . , N N d. '“‘ R
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. There was no difference observed in the t\i,st‘ology of the sections taken from the
anterior, middle, and posterior regions of the ovaries.

a : -
Stage IID: Maturing virgin

Maturing virgins, denufled by their tiny thread-like translucem ovaries with no
visible oocytes (Kesteven 1960) were found among the fish collected in May. Longuudmal
sections of the ovary of maturmg virgins showed advanced organization characterized by
regularly arranged lamellae of oocytes that were separated by gaps of 20 fo 40 ym (Fig. 3.1).
"Connective tissue enveloped and co;xiinued, together wit.h blood vessels, into the center of
each lamella. Each lamella was partitioned along its longitudinal axis into two bands. each oric
oocyte tmck

Three types of cells - germ cells (gc),.oogonia (o) and prlmary oocytes (po) - could

be dlsungulshed a?w the extemal cdge of the lamellae (Fig. 3. 1) The germ cells, 4107 um

/_“‘ med 33 10,85 um in diameter. Thelr light pink nucle1 17 to 34 um across, contained one
or two nucleoli occupying a variable position in the chromatin network#. ”[he primary oocyles
were larger 80 to 250 um across, with deep purple cytoplasm and light pink nuclei (48 to 85
um diameter) containing up to 24 nucleoh In the smaller primary oocytes, the nucleoli were
resmcted in their distribution Lowards the center of the nucleus. In the larger oocytes, the
nucleoh were atranged around the inner aspect of the nuclear envelope which was typical of
the perinucleolar stage. Each oocyte was bounded by a layer of thecal cells each with dark

flattened nucleus.

~ Stage IlR Recovering Mature
Stage IIR ovaries were 1dentxf1ed in the majority of the females collectcd in May.

' Internal organization cnaracterizgd by lamellae of obcytes were similar to Stage IID (Flg. 3.2)



stage. The ovary was collected on 15 May 1983.

Fig. 3.1. Stage IID (maturing virgin). A longitudinal
section through the ovary of a maturing virgin showing
regularly arranged lamellae. The primary oocytes (po)
can be easily distinguished by their larger size and
numerous nuclkeoli (arrows) at the edge of the nucleus
(n) from the smaller ocogonia (o). Note that there,are
fewer but larger nucleoli in the oogonia than in the

- primary oocytes. The ovary was collected on 15 May

1983. (ge, germ cell)’
s

]
» @'

o . " tg’r '

o

. &S

kY

5

?@g. 3.2. Stage IIR (récovefing mature). A longitudinal
séngion through the ovary of a recovering mature female

. showing dilated blood vessels (bv) and a more extensive

connective tissue matrix (ct) and smooth muscle (sm) than
in the ovary of a virgin (Stage IID). Dark basophilic
extrafollicular bodies (eb), interspersed among the
primary oocytes (po) and oogonia (o), are common at this
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described by Kesteven (1960). However, the follo\avmg differences could be observed (1) the
conncctive tissue matrix of the lamellae was more extensive; (2) the blood vessels that supply
the Ianiellae had thinner walls and were dilated; and (3) the numerous dark staining
extrafolticular bodies (eb) were scattered among the: oocytes In most sectnons examined the
primary oocytes showed a theca externa (te), a granulosa (g).uand partial vacuolation of the
cytoplasiu indicatfve of the onset of endogenous Qitellogeuesis (Fig‘. 3.3). |

Both Stages IID aud IIR were seen in ‘seclions of ovarive‘s colléCtéd 3 May, just after
spawning. , | ) -
Stage III: Developmg (early) ' | ' E

Seltions of ovaries obLamed in June were at Stage Il followmg Kesteven s (1960) '
method of identification. Recruitment, had started at this stage giving rise 0 a bnmodal :

dis‘tribution of aacyte dxameters COTTESY 'n&ng to developing (do) and resting oocytes (r0)

s (do), 190 to 320 um in diametef, with many
dark -staining yolk vesicle‘s, could easily be distihguished from the smaller light-staining resting
‘oocytes (ro). The nucleus of the -developing oocytes, 54 10 122 um across,l)stained light pink

o

 with several nucleoli occupying the periphery. The cxi, lasm stained light purple and
” ) ‘ '
contained deeply basophilic to slightly acidophilic yolk ves%

(yv) ranging in diameter from
3 to 34 um. The smaller deep itaiuing vesicles were restricted to the more pefipheral
cytoplasm and formed a ring a}Ound the larger vesicles. No yolk vesicles were observéd in the

\ . .
cytoplasm immediately around the nucleus. ?

The external layer of the folhcle (Fig. 3.5) was boundfby a Lheca exlerna composed
of squamous -like cells with ﬂauened nuclei.’ Internal to the theca externa was a layer of
cuboidal granulosa cells 3 to”l() um in dxameter The cbonon a secondary membrane laid
down by the granulosa showed JAwo layers an inner J.ona radiata and an outer tunica propna‘
v(tp) Thc zona radlata (zr) 1to 3 um thick, typically slamedhmtense pmk Less dxsunct was-

Lhe loose network of malcnal that comprised the tunica propna | I

Ed

T



Fig..3.3. A primary oocyte (po) from an ovary in a

more advanced stage of recovery-(Stage IIR) showing a
theca externa (te) and a granulosd layér (g). The larger
_ primary oocytes also show vacuoles (v) which are indi-
‘cative of endogenous vitellogenesis. The ovary was
collected on !5 May 1983. (bv, blood vessel; n, nucleus;
ns, nucleolus)

Fig. 3.4. Stage II. (.aveloping edrly). A dichotomy

in the size of deve.oping (do) and resting oocytes (ro)

was first seen at this stage. Numerous intensely baso-

philic to slightly ac.dophilic yolk vesicles (yv) fill

the cytoplasm except the region immediately around the

nucleus (n). The ovary was collected on 27 June 1983.
(o, oogonium) .- : ’
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The nucleus and ooplasm constituted 96.2% of the mean total oocyte volume at this
stage. The remaining volume was accounted for by the two layegs of the chorion.

Stage- 11l ovaries from fish coliected in August showed a further increase in the size of

'
the developing oocytes (290 to 440 ym diameter) due to continued accumulation of yolk
vesicles. More yolk vesicles with a wider range in size, 5 to $1 um, filled the cytoplasm, even
the region immediately around the nucleus which was previously devoid of vesicles. The
nucleus and ooplasm conmbutcd 96.7% of the mean total oocyte volume. Hence, from June
10 August, the chorxon made no substantial contribution to the increase in total oocyte
'volume.

Resting oocytés were small ranging from SQ to 2 um across. They were found,
together with oogSnia and germ cells, clustered betw’een the developing oocytes. The ma jdrily
of the resting oocytes were at the perinucleolar stage. The cyloplasm was moderqtelv
basophxhc and exhibited no yolk vesicles nor granulosa layer. However, a recognizable pnmar\
theca enveloped each resting oocyte.

"
Stage 1V: Developing (late)

Figure 3.6 shows the developing 00cyles n October. They were 770 to 970 um in
',dlameler and could be distinguished from those of the early devclopmg phase Thc deeply

baSOpmhc yolk vesxcles now aptly termed cortical alveoli (ca), had been displaced

peripherally by yolk granules (yg). wh:ch were formed by cxogenous (lrue) vucllogcnesns. The
_circular yolk granules were 6 to 31 um across and did not take up stain. Scattered among the
volk granulcs wcre_clcar spherical structures. mcasunng 1 10 10 um, which could havc‘
previously been occupied by lipid droplets.

" The chbrion. 27 10 108 um wide, hacf‘cnlargcd significantly and threc layers could now
be wcn The inner zona radiata, 7 to 10 umA wide. stained an intense pink and showed radial
striations. The midgle chorion (mc) was widest ranging from 17 ‘to 85 um and stained pink.

There were no perceplible changes { the granulosa and theca externa cells. The middle

choriomc layer had thickened significantly so that the enure chorion accounted for 28.5% of v
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Fig. 3.5. Advanced Stage LIl oocytes. The advanced
developing oocytes (do) in ovaries collected on 14

August 1983 show a distinct external membrane consisting
of |) an outer theca externa (te), composed of squamous-—
like cells, and 2) an inner granulosa layer (g) of
cuboidal cells. The faintly visible tunica propria (tp)
is the only layer of the chorion that is present at this
stage. The smaller yolk vesicles (yv) are more intensely
basophilic than the larger yolk vesicles. (n, nucleus)

o

- o F ' : ” B
[
Fig. 3.6. Stage IV (developing late). The deeply .

‘basophilic yolk vesicles, aptly called corgical alvéoli
(ca) at this stage, have been displaced to'the periphery
of the cytoplasm by the yolk’@tanules (yg The presence
of yolk granules and vacuoles (v), possibl occupied by
lipid globules previously, is an indication of exogenous
vitellogenesis. Note that the zona radiata (zr) and the
middle chorion (mc) are now distinct. The ovary was
collected on 18 October 1983. (bv, blood vessel; do,
developing oocyte; ro, resting oocyte) ’ »

Mo Y
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the mean total pocyte volume.

- . r ' .
Germ cells,” oogonia, and resting uucytes formed clusters between the developing

oocy!tes.

Stage V: Gravid

)

By February, the developing oocytes had again increased in size. They were 810 to

1090 um in diameter, and the granules were more basophilic than, earlier stages (\3.7).

Many circular structures, 3 to 90 um’ across, possibly containing lipid dropletsd Pound
scattered among the yolk granules. The deeply basophilic cortical alveoli, k |
inner margin of the zona radiata, could be easily distinguished from the _vqlku\es. ‘Thc
nuclei were still identifiable with several distinct nucleoli. The chorion had gmca‘n thickness

. of 120 ym (cf. 43 ym in Stage V). The middie chorion was the widest (?ﬂ&n 118 urr;) and
" "most conspicuous of the three chorionic layers alv this stage. The chorion constituted 58.1% of

the mean total.,oocyte volume at this stage.

v ?tage V1: Spawning
! This stage of development was typical of the ovaries collected in March. Further
increase in the diameter of the developiﬁg oocytes, 820 to 1100 um, characterized this stage
" (Fig. 3.8). The thiékening of the middlethorion to a r}'lean of 155 um (cf. 18 um in Staga V)
cont.r}bfned largely to the growth of the-developing oocytes (Fig. 3.9). The ;hickened chorion
contributed 67.8% of the mean totai oocyte volume. The blood vessels supplying the follicles

were greatly distended. The histology of this stage was otherwise very similar to that of Stage

V. T

Preovulatory atresia

All the stages were examined for ¢vidence of preovulatory Q‘tresié of oocytes. Fourof
: el

-

the 6 Stage V and\‘ of the 6 Stage VI oviries showed\?somc oocytes (at) undergoing atresia

_(Fig. 3.10). Tbc«_“c“hqricyxy of Lhescfoocym was degenerating and the contents of the C}'tbpl,asm,

e
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Fig. 3.7. Stage V (gravid). -~ The deeply basophilic
cortical alveoli (ca) line the inner margin of the zona
radiata (zr). The centrajfy located yolk granules (yg)
have increased in size azgigficanqu. The middle chorion
(mc) is the most conspicuods of the three chorionic
" layers. .Ovary was collected on 28 February 1984. (bv,
~blood vessel; do, developing oocyte; ro, resting oocyte)

Fig. 3.8. Stage VI (spawning). Growth of the developing
cocytes (do) is primarily due to the increase in the
amount of yolk granules (yg) in the cytoplasm and the
thickening of the middle chorion (m¢). The ovary was
collected on !5 March 1984. (n, nucleus; ro, resting

oocyte; zr, zona radiata) ,
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Fig. 3.9. The chorion showing the three layers: zona -
radiata (zr), middle chorion (mec), and tunica propria -
(tp). The oocyte was sectioned from a Stage VI ovary
collected on 16 March 1984. (ca, cortical alveolus;
g, granulosa; ro, resting oocyte)

i

6 . /
Fig. 3.10. Preliminary stage of p%eovulatory atreqia
found in a Stage V ovary collected on 28 February [984.
The breakdown of the chorion is very distinct. (at,
atretic oocyte; do,-developing oocyte; mc, middle
chorion; ro, resting oocyte) ' '
|

ot
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were being extruded at points where the chorion was broken. A more advanced state of oogyte

cy Y

degeneration was not found. .
| '
Oocyte dlnmeter and volume - -

Figure 3. 11 ilustrates the size distribution. of oocytes at various times between 8
October 1983 and 15 March 1984. A bimodal diStribution in oocyte diameter was evident as .
early as Svtage III in late June. This coincided with the appearance of vitellogenic oocytes, an
indication of recruitment. By the end of the study the developing boclytes had increased 6.2 ‘
times in diameter. : .

< Figure 3. 12 shows that the diameter of the oocytes mcreased rapxdly from late July to
early October and from late January to mid March. These rapid mcremems in oocyte
diameter could be correlated with rapid increase in ooplasmic volume f rom July to October,

‘and with rapid thickening df the chorion, particularly the middle layer, from January to
March (Fig. 3.13). From July to October, the ooplasmic volume increased by 90.8 times. But
it remained almost unchanged from October to March varying by only 6.6% each moﬁth from
the mean of 1.79 c.ubic mm. Thus the cominued growth in oocyte volume during the mbn_ths

when the, lake was ice\-covered was primarily due to the thickening of the chorion. From late

June to mid March the chorion accounted for from 3.8 to 67.8% of the total oocyte volume.

Gonadosomatic index (GSI)

Figure 3.14 shows that the ;rend in ovary elevelopment expressed as the gonadosomatic
index. There was little increase in the GSI from mid May to mid August; From mid August to
late February just before spawning, there was a rapid increase in the GSI. There was however

little change in GSI from February to mid March.
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Fig. 3.11. .Frequency distribution of oocyte diameter for each maturity
stage of the ovary in the yellow perch. The oocytes are grouped in 25 um
size classes. The arrows indicate the mean diameter of the oocytes. -
Each histogram represents measurements of 95 to 100 oocytes from one‘fish.
Fish used ranged from 17.2 to 17.5 cm in total length. (A) Stage IID
.(maturing virgin), 15 May 1983. (B) Stage IIR (recovering mature), !5 May
1983. (C) Stage IIl (developing early), 27 June 1983. (D) Stage III
(developing early), 27 July 1983. (E) Stage III (developing early), l4
August 1983. (F) Stage IV (developing late), 18 October 1983. (G) Stage
IV (developing late), 5 December 1983. (H) Stage V (gravid), 28 February
1984. (I) Stage VI (spawning), 16 March 1984..
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D. DISCUSSION

The present study on the ycllow perch differed from Treasurer and Holliday's (1981)
work on the Eurasian perch in documenting: 1) recruitment wof oocytes in carly summer
insteaci of the fall; 2) three rather than four layers in the chorion; 3) presence of both yolk
vesicles and yolk granules, which differed in time of appearance, staining reaction, ;ﬁd
location within the ooplasm; and 4) presencé of preovulatory atresia of dcveloﬁing oocytes al
Stages V and VI.

The hxstologlcal observations reported here demonstrated that oocyte development in
the yellow perch is a continuous, group-synchronous process. At all develOpmemal stages of
the ovary, {wo populations of -o«ocytes - developing and resting - could be distinguished.
Initially, only one size trange (Fig. 3.1) of oocytes could be found in maturing virgins (Stage
IID) and r,ecés&jring spent (Stage IIR) females (Fig. 3.2). This wﬁs the situation in latc May,
immediately ;mer spawning, when the GSI was lpwest (Fig. 3.14). This set of oocytes, in
various stages éf pfimary growth preceding c?xogenous vitellogenesis, represems the population
from j’hxch ‘developing oocytes are recruited. In Stage R ovaries, two generations of oocytes
probably ex1st the resting oocytes fram the prevxous year and new oocytes just { ormcd from
oogonia. This hag been suggested by Aravindan and Padmanabhan (1972) for Tilapia
mossambica. Which of these two superimposed generations of oocytes will be recruited for the
currem year is .uncertain. However, there are indications that only the one-year old oocytes
will ungergo further development in the rambow trout Salmo gairdneri (Sumpter, personal
* communication), Pacific herring, Clupea harengus (Bowers and Holliday 1961), and three
species of groupers from the genus Epinepi;ales (Bouian and Siau 1983). Oocytes formed in
the cugrent year in groupers undergo detectable previtellogenic cytopla:smic pH change§ that
fail to show in oocytes from the previous year (Bouam and Siau 1983). Whether the smaller
primary oocytes in Stage IIR (Fig. 3. 2) correspond to the just recrunLed oocytes, and the
larger primary oocytes, showing advanced nucleolar fragmentation and peripheral migration,

to those from the previous )}ear cannot be established on the basis of the present study.

According to Maéér (1974) recmiimem and subsequent yolk vesi;le formation in the horse

’
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mackerel could be anticipated by the Appcarancc of vacuolation in the cytoplasm. This
,corrcs‘ponds to the stage just before endogtnous vitellogenesis. The oocytes observed in the
more advancc;d. Stage IIR ovaries in this study (Fig. 3.3) appear to fit the description of this

b

vacuolation stage.

The bimodal distribution in the size of oocytes of Stage III ovariés in late June (Fig.
3.4) signaled the histologicgl differentiation of developing from resting oocytes. This
'.dicholomy in developing and resting oocytes commenced during Stage III and pérsisted in
subsequent stages. 1t should be noted that recruitment occurred ‘without any change in the GSI
(mean = 0.9%). The appearance of vitellogenic oocytes in late June in ihis study was earlier
than (jocy_mented in the Eurasian perch by Treasurer and Holliday (1981), who observed this
same phenomenon in early September. In comrast' te this,‘ study, the recruitment in September
was accompanied by dlmost a doubling of the GSI. Tt‘;yc time course of ovarian development-
of the population being studied may be different from that of the pbpylation studied by
Treasurer and Holliday (1981). This may be related to adapta\tion of the f,epr.éductive cycle of
the yellow perch‘ near the northern edge of their Qistribution like the Alberta lakes whege the
onset of winter is carliér than in lakes from more southerly regions. This may also reéflect a
true species differences in reproductive cycles.

The rhajority of the resting oocytes were in the late f)rimary growth phase
(perinucleolar stage) and this stage persisted in all ’:he samples throughout the year. These
observations suggest that recruitment occurs precisely at the end of the
gonadotropin-independent growth phase {Wallace and Selman 1981). As expected of teleosts
showing this strategy of recruitment, a pqpulation of oocytes in the primary growth phase is
present in the ovary throughout the year. From this population oocytes are recruited and
these sequentially undergo vitellogenesis and maturation (Wallace and Selman 1981).

Data in Chapter 2 suggested that the y:110w perch recruit a mazximal number of
oocytes into its developing stock early in oogenesis and this number was modulated downward
.by preovulatory oocyte degeneration. Factors that vtrigger preovulatory; degeneration are

unclear although they may be related to reduction in food supply (Scétt 1962) or adverse

——
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environmental factors (Kukaradze 1968; Kipling 1976). The occurrence of recruitment in early
summcf (late June) shows that the phenomenon precedes peak feeding activity in
mid-summer (Schneider 1973; Thorpe 1977c) suggesting thai the number of ococytes initially
recruited is not dependent on the diversion of cnergy from the soma lo»’the gonads. Hence, the
initial number of oocytes recruited into the developing pool may somchow be genetically
determined. .

The "appearance of basophilic yolk vesicles in Stage III oocyics a‘grced with previous
observations on many other species cited by Wallace and Selman 1981. The. yolk vesicles,
sometimes termed intravesicular yolk (Marza et al. 1937), have been found to contain
glycoprotein portions (Heesen and Engels 1973). The yolk’ vesicles evcritually form the cortical
alveoli which appear on the inner aspect of cytoplasmic membrane in subsequent stages of

‘oocyte diﬁ"eremiation in ‘herring, Clupea pallasi (Yamamoto 1956a), smelt, Hypomesus
japonicus (Yamamoto 1956b). and zebrafish, Brachydanio rerio (Malone and Hisaoka 1963).

The emergence of developing oocyles in Stage Il was paralleled by the appearance of
granulosa cells (Fig. 3.5), which are believed to permit the acquisition of yolk and formation
of chorion (Wallace and Selman 1981). The latter structure showed two distinct layers at this
stage, an inner zona radiata and an outer tunica propria.

Late developing (Stage 1V) (Fig. 3.6) oocytes occurred mostly in December when the
GSI had increased to a mean of 6.7% which represents a 7.4-fold increase from an initial GSI
of 0.9% in ng. This increment in GSI was ‘also accompanied by a yclqa‘rA éize separation

'betw'een larger‘deve’loping and smaller resting oocytes (Fig. 3.11)..The overlap in-the size of

the two types of oocytes before August could lead to an overestimation_of fecundity if egg
counts were done before this time. The increase in size of the developing oocytes, from a
meaﬁ of 162 um in May to a mean of 832 um at-phis stage, was primarily due to the
elaboration and accumulation. of yolk granules in the center of the cytoplasm.

The gnost diagnostic feature of oocytes at this stage was the peripheral displaccmem

of the yolk vesiclesby the deposition of ydlk granules. However, the report of Tregsurer and

Holliday ('1981) on the Eurasian perch did-not make any distinction between the yolk vesicles
.
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and‘ the yolk granules. It is highly possible that their use of Bouin's fixative, and hematoxylin
and _cosir-x stains did not allow them to detect subtle differences between these distinct
structures. The yolk vesicles, correctly termed as coxrtical alveoli at this point (Wallace and
Seiman 1981), lined the inner margin of the oolemma. The cortical alveol fuse with the
oolemma and c«trude their contents into the perivitelline space during cortical reaction at
fertilization. Si}ncc the formation of the yolk vesicles and yolk gra'nulcs (,wcrlappcd,‘it was
impossible to determine their relative contribution to the increase in cytoplasmic volume. In
the teleosts, the yolk granules are formed by the transfer of phosphoprotein from the blood
(Heesen and Engels 1973) via pinocytosis (Droller and Roth 1966. Gupta and Yamamoto
1972: Shackley and King 1977). Later stages revealed that these yolk granules, also called volk
spheres or yolk globules, maintained their integrity throughout oocyle growth giving rise to
translucent eggs in the perch. In other species, the volk granules coalesce centripetally
eventually forming a homogenous mass of fluid yolk. This process makes some fish cggs very
Lranspafcm (Wallace and Selman 1981).

The chorion at this and subsequent stages showed three distinct layers - an inner zona
" radiata, a wide middle layer, and an outer tunica’ propria (Fig. 3.9). Mansueti (1964)
described the yellow perch chorion, which she tefmed as ¢lastic egg case, as having three
layers, an inner zona radiata, a middle radially-striated elastic iayer, and an outer adhesive
layer. The middle layer undoubtedly corresponds to the middyle chorionic layer observeq in this
study. Treasurer and Holliday (1981) observed in late Stage IV oocytes of Eurasian perch two
Jamellae within the middle layer, giving a total of four chorionic layers. Their observation was
not corroborated in this study. This discrepancy could be related to their use of the highly
acidic Bouin's fixative which is known to destroy some cell organelles (Bloom and Fawcett
1968). Hence, the addi’u'onal lamellae seen in the Eurasian perch oocyte could just be an
artifact since it was not seen in the present study which used a gentler and buffered fixative.

There is considerable controversy surrounding the measurements and numbers of
layers in the chorion (Lonning 1972). Some of the controversy concerning thickness and

‘numbers of chorionic elements may be attributed to differences in histological preparations
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and limitations of light microscopy. Moreover, variations in the usage of terms may also
contribute to the c;nfusion (Kuchnow and Sott 1977). For example, the’ chorion had been
called clastic middle layer (Ryder 1887), clastic egg case (Mansueti 1964), plasma membrane
(Sterba 1957), and jelly coat (Gotting 1965).

Gravid ovaries (Stage V), representative of samples in February, showed developing
oocytes that had attained a mean diameter of 1,004 um, a six-fold increase from an iniual
mean diameter of 162 ym in May. This increase in size could be traced to further yolk granule
deposition and thickening of the muddle chorion (Fig. 3.7). The GSI (mean = 13.0%)
rcflc;tcd also the growth in oocytes. The preponderance of circular structures among the yolk
granules could possibly be sites of lipid accumulation. Lipd globules are prominent in fresh
perch eggs (Mansueti 1964) and previous observations indicate that lipid deposition in perch
eggs commences in November during thé catty_Stage IV (Le Cren 1951, Koshelev 1963). The '
yolk granules, previously non-staining, wc&/now basophilic suggesting a possible pH shift in
their contents as part of the maturation process. Qocytes in spawning ovarnies (Stage VI)
showed further growth primarily due to the thickening of the rr;iddlc chorion {Fig. 3.8). In
many fish cggs. the increase in oocyte diameter—during maturation is due to hydration as
corroborated by in vive observations on carp, goldfish (Clemens and Grant 1964), ayu (Hirose
and Ishida 1974), and Japanese flounder (Hir\osc et al. 1976) ecggs. and by n vitro
observations on medaka, ayu (Hirose 1976), killifish (‘Wallace énd Selman 1978). and
sticklebacks (Wallace and Selman 1979). About 77% of the final egg volﬁmc is formed during
spawning in \he cunner, Tautogolabrus adspersus (Wallace and Selman 19:. )

Preov ulatop oocyte degeneration was observed in Stages V and VI ovaries. This could
possibly explain the progressive decline i/antﬁdity of the yellow perch with the approach of
the spawning season (see Chapter . Atresia has been found to be common in some lake

- populations of\the Eurasian perch/in New Zealand (Graynoth, per. comm., cited by Jellyman
1980). Howe'\}er_

d Holliday (1981) reported no atresia in the same species.
Preovulatory atresia may be very extensive; it reduced the number of eggs spawned in

sturgeon (Badenko et al. 1973) and haddock (Robb 1982). Mass degeneration of oocytes has
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been rcported' in 'rnany specres including cregk i:hubsucker (Wagner and Cooper 1963),
pike-perch (Kukaradze 1968), brook trout (Wydoski and Cooper 1966), horse mackerel
(Macer 1974), dace (Wilkinson and Jones 1977) and Greenland-halxbut (Walsh and Bowermg

1982). Food supply (Scott: 1962 Macer 1974; Robb 1982‘3 and adverse envrronmental factors

(Sakun 1957, Kukaradze 1968; Krplmg 1976) have been rnphcated in precipitating resorption

<

of maturing eges. L #

The time course of the increase in the diameter and volume of developing oocytes‘has\
not been investigated in both the yellow and Eurasian perch. The present study showed that
the growth in sizc of the oo&yte has two componentS'-l) increase in ooplasmic volume from

Stage IID to Il primarly through the accumulanon of yolk granules from summer to fall and

—_—

2) increase in the thickness of the chorion, partrcularly the middle layer from Stagé I to Vl '

over the winter months. At Stage VI almost 70% of the total mean oocyte volume was
contrrbuted by the chorion. Upon ferulrzauon the yellow perch egg is capable of increasing

-

of 'he diversion of presumably large amount of energv to chorion thickening' is ‘still unclear

Y

but it could be an adaptation to demersal mode of drspersron of the eggs. Mansueti (1964)

—suggeSted that the thick chorion provides protection not only from abrasion and bumping, but

also from predators since 1t is extremely difficult to pierce the chorion once it has hardened
due to the uptakeof water. Moreover, the incubation period of the fertilized perch egg is
srgmfrcantly longer than most temperate freshwater fish that a thick chorién is of survival

value. ) . ‘g

E. CONCLUSIONS AND SUMMARY » o .
(1) The histology of the different stages of oocyte maturatron described in this study

for the yellow perch agrees well with the clescnptrons glven for the Eurasian perch by

Treasurer and Holhday (1981). However the SUblelSlOl’l of the middie chonon into "two-

drsnnct layers was not corroborated in the present study. This study also documented ‘the

pr_esence of ‘both yolk_ vesicles and yolk granules, whrch,were not demonstrated in the Eurasian
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perch. These differences may be attributed td differences in fixat.ives and stains used to
prepare the histo\ogiéﬁl sections of the oVaries. |

(2) Recruitment, as evidenced by histology and by the bimodal distribution of resting
and developing oocytes, occurred at Stage Il (developing early) in Ju'ne. The time of
recruitment ‘occurred before peak feeding activity, which does not happen until midsummer.
This indicated that recruithm was not dependent on the diversion of stored ene}gy from the
soma to the gonads. No inc.réase in the GSI was observed at the time of recruitment.

(3) The increase in size of the developing oocytes from Stages IID to Il was due to
the increase in ooplasmic vo‘lume.-The thickening of the middle chorionic layer could account
for the increased size of the oocytes from Stages 1V to VI.

(4) During the course of ovarian‘ recrudescénce from mid May to mid March of tl';é/
_ following year, the deve]dping oocytes increased 6.2 times in diameter and 239.5‘ lim';s'f' in
volume. The GSI increased increased 15.4-fold over the same period of time.9 |

(5) Preovulatory resorption of oocytes was observed in half of the sections of Stages

V and VI ovaries examined. No previous report of preovulatory atresia in the yellow perch is

known. -
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IV. CONCLUDING DISCUSSION

The presém paper provides evidence that counting developing oocytes before late Stage .
IV (Kesteven 1960) in the yellow berch leads to an overestimation of the actual fecundity. In
the perch I examined there was' a gradual decline in the fecundity with the approach of the
spawning season. This finding supports the theory of Histop et al. (1978) and Robb (1982)
that the upper limit of fecundity in the fish is jeterminéd early intoogenw'.s, and this
maximum number is modulated downWard by adve;'se environmental factors. Blaxter and
Hollxday (1963) suggested that the upper ceiling of potential fecundity of a fish is genetically
determined. However, maximum potential fecundity is reallzed only when proximal factors
such as water temperature and food availability, are optimal. |

The finding that fecundity _decreases over time in yellow perch is significant in.two
-ways. First, it points to the need for a critical reevaluation of previously published reports' on
the' fecundity of both yellow and Eurasian perch which used females sarhpled at various ‘times
before spawning. The assumption, that once oocytes aré recruited into the developing stock
their number does not change sxgmf 1camly over time, underlies the practice of 1) determmmg
fecunduy many months before spawning (Sheri and}owr 1969); 2) comparing fecundities of
samples collected at different times of the year (Tsai and Gibson 1971); and 3) calculatmg
fecundity for a pooled sample of females collected over a pcnod of months before spawning
(Mann 1978). The validity of ‘this assumption and the practices it had spawned are certainly

-put into question by the [ iﬁding mcn;ioned above.

Second, this findiﬁg reveals a heretofore undocumented degree of plasticity in the
fecundity of the yellow perch. According to Mann and Mills (1979), it is.common for fi;h.
living in ﬁ'arsh unstable environments to modify their reproductive tactics to ensure the
survival of the young, Hence, it is not sumﬁsing that the perch populations studied modify
their reproductive strategy since they are f. ound in lakes that are close to the northern limit of
the species geographic range where the promixal factqrs are extreme. By reducing the number
of developing oocytes at a time whemthe pppulation is preéumably food limited, yellqw perch

opt for a trade-off between egg number and egg size, i.e., the species ensure the continued
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growth of fewer oocytes but larger oocytes. The sz;me strategy is also employed by the
herring, Clupea harengus (Hempel and Blaxter 1967).\{Sis strategy is effective because fry
survival is directly proportional to the size of\the egg (Bagenal 1969). Other strategies
employed by fish found near or at the edgé of their respective ranges include variation in the
number of ba}ches of eggs produced in one spawning season, €.g., bulll)ead; Cottus gobio.
(Fox 1978), and production of "eggs with a very wide range of sizes, e.g., dace, Leuciscus
leuciscus (Mann and Mills 1979).

The second major finding of the present work is the inversé relationship between
growth rates of perch from different populz{tions and’ fecundity. If a temporal decline in
fecundity during recrudescence is a short-term response 0 fluctuations in the environment,
the inverse relationship between growth rate and fecundity represents a long-term response 0
local conditions. Preliminary data show that the stunted slow-growing perch populations from
Narrow Lake and Lac Ste. Anne have shorter lifespan than the fast-growing populations from
Mayatan Léke and Thunder ’Lake. If this is true, then there is also an inverse relationship
between fecundity and lifespan in the populations studied. This then,is consistent with the
commonly observed trade-off between reproductive effort and longevity (Mann and Mi 1\5\
1979). The long-lived perch appear to spread out their reproductive effort over their long&;S
lifespan than Ehe short-lived perch. This phenomenon has also been documented in chub,
Leuciscus cephalus (Mann 1976) and' dace, Leuciscus leuciscus (Mann 1974),

Histologial examination of the ovary during recrudescence demonstrated evidence of
A preovulatory atresia in Stages V and VI (Kestevea‘ 1960) ovaries. This could account for the
- observed temporal decline in the fecundity of t;x\e\yellow perch during recrudescence. The
study of the size distribution of resting and developing oocytes, and the time course of the
growth of the developing oocytes provic\led some insights into the artifacts that could be
introduced into the methods of determing fecundify in the fish. Detailed histological
descriptions of the ov‘arian cycle in the yellow f)erch also showed some s/ignif icant differences
with the histological description of the ovary of the Eurasian perch as previously reported by

Treasurer and Holliday (1981). The better resolution of cytological structures in the present »
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[ 3

study suggests that glutaraldehyde fixation and plastic embedding are more advantageous tilan
the use of acidic fixatives and paraffin for émbcdding.

In summary, the present work has attempted to document through 'smdy of fecuhdity
and Ovarian recrudescénce both shortand long-term modif ications in the reproductive stategy
of the yellow perch found in habitats that are near the northern limits of its distribution. Itis
hypothesized that the observed trade-offs between egg number and egg size, and between egg
number and lifespan represent adaptations to the latitudinal and local characteristics of the

pabitat of the fish.
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Appendix .l . Table . 5. Co\nparisoné of total lengths of female yellow

<

r perch of the same age from Mayatan Lake, Alberta, using one-way anova.

N

#

Samp_];i_ng ~ Number of ‘Mean Total Length éém)
Age Dateb Females + 95% Confidence Lj.mit - F
N . ;o : L,
III+ 8 October 1983 2 15.5 £6.35 0.31"°
‘14, 28 January 1984 9 15.2 ¢ 0.49
. IS March 1984 4 15.1 £ 0.55
v+ 8 October 1983 5 16.3 ¢ 1.18 - 0.25"%
14, 28 January 1984 5 ' 16.8 + 0.99 .
15 March 1984 8 | J6.6 . 1206 S
. e 8 October 1983 7 1f,7 £ 0.67 1.83"°
14, 28 January 1984 s 18.8 + 0.89
IS March 1984 0 18.4 + 0.50
VI+ ~ 8 October 1983 14 1905 % 0.59 0.91”?
- . . SEKC
14, 28 January 1984 7 : 20.3 + 1.71"7
* 15 March 1984 2 20.2 * 1.46

“Ho: There was no significanct difference in the mean total lengths

of female fish of the same age collected at different dates.

2ns - not significant at P < (.05 '

L oaw
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Appendix 1. Table ]1. Fecundity of the various age groups of yellow

perch collected from four Alberta lakes.

Age  Number of Fecundity
Lake _ Group Females . Range Mean 957 C.L.l
Mayatan2 III+ 6 2,346 - 3,979 3,242 + 650
v 1,909 - 6,583 3,837 ¢
IV+ 32 ,9 ,5 , 366
v+ 36 2,420 -13,233 6,535 772
VI+ 12 4,454 =11,057 7,516 ¢ 1,253
VII+ 3 7,227 -13,188 °  9,395. = 8,189
Ste. Anne> III+ 12 2,487 - 5,177 3,617 ¢ 606\\
IV+ 19 3,995 - 7,117 5,300 385
v+ 38 4,660 -19,000 7,831 688
VI+ 19 7,593 -15,062 10,862 ¢ 1,009
VII+ 2 11,175 -19,000 15,088 - -
Thundera SITI+ 10 7,562 - 8,045 7,552 * 1,229
IV+ 36 4,997 -13,416 . 9,501 ¢ 805
v+ 14 5,258 -15,460 11,327 & 1,744
VI+ 4 - 4,179 -18,292 14,128 ¢ 6,906
Narrow5 I+ - ] - | 1,747 \\;/ -
III+ 3 2,276 - 2,678 2,677 - ~
IV+ | - 3,295 - -
v+ 4 5,560 -10,124 7,406 3,136
VI+ 1 - 8,935 - -

1 . ..
C.L. = confidence limits

2Samples were collected between 14 January and !5 March 1984.
3Samples were collected between 23 February 1983 and 12 March 1984.
ASamples were collected in 22 February and 16 March 1984.

.SSample was collected in 23 February 1984. ' P



Appendix |. Table

mically transformed variables for yellow perch from four Alberta lakes.

2.

Correlation coefficients (r) between logarith-
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Total. Somatic Ovary
Lake Variable -Length—- Weight  Weight Fecundity
MayacanI Total Length 0.84
' Somatic Weight 0.9 0.89
Ovary Weight 0.72 0.85 0.86
Age 0.79 0.80 0.68 0.79‘
Ste. Anne Total Length 0.91
Somatic Weight 0.95 0.91
Ovary Weight 0.91 0.96 0.96
Age 0.92 0.89 0.86 0.84
Thunder3 Total Length 0.87
| Somatic Weight 0.95 . 0.9
Ovary Weight 0.86 0.90 0.98
Age 0.49  0.54 0.57 0.52
. NarrOw6 Total Length 4’0.97
Somatic Weight 0.99 0.97 -
Ovary Weight 0.97  0.97 0.99
. Afe 0.95  0.92 0.91 0.89
lSample was collectea on 27 Februar& 1984. Sample size was 32.
ZSample was collected on 17 February 1984. gample size was 3§.
3Sample was collected on 22 February 1984. Sahple size was 30.
ASample was collected on 23 February 1984. Sample size was 9.
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Appendix 2. Fig. I. Scatter diagram of fecundity plotted

against total length for yellow perch collected from Mayatan
Lake, Alberta, on 8 October 1983. The shaded area corresponds
to the 952 confidence limits of the regression estimates.
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Appendix 2. Fig. 2. Scatte lagram of fecundity
plotted against total length tor vellow perch collected
from Mayatan Lake, Alberta, on 5 December 1983. The

shaded area corresponds to the 957 confidence limits of
the regression estimates.
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Appendix 2. Fig. 3. Scatter diagram of fecundity plotted

against total length for yellow perch collected from Mayatan
Lake, Alberta, on l4 & 28 January 1984. The shaded area
corresponds to the 95% confidence limits of the regression
estimates.
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Appendix 2. Fig. 4. Scatter diagram of fecundity

plotted against total length for yellow perch collected
from Mayatan Lake, Alberta, on 27 February [984. The
shaded area corresponds to the 95% confidence limits of
the regression estimates.
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