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ABSTRAC

Fecundity data were obtained for twelve specles of British
Columbia freshwater fishes by mse of a displacement method. Data for
an additional fourteen species were obtailned from the literature. Fecun-
dity relative to a unit body welght was considered superior to absolute
fecundity for use in racial studies. Bgg diameter was significantly
larger in anterior than in posterior regions of ovaries from five specles
tested. Bgg diameter was positively correlated with fork length within
and between species. Amongst twenty-six freshwater specles considered,
egg dlameter was found significantly correlated with reproductive
characteristics. Fish with eggs of large mean diameter generally have
amber to salmon colored eggs, non-adhesive eggs, long incudbation perilods,
redd construction, stream spawning and variable spawning season. Fish
with eggs of small mean diameter have white to yellow eggs, adhesive
eggs, short 1nqubation period, lack of redd comstruction, variable

spawvning location and spring or summer spawning season.
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INTRODUCTION

In all types of fisheries work a knowledge of the repro-
ductive potential of fish species under study is fundamental to any
understanding of population relationships or densities.

A considerable amount of work has been done in the past,
primarily by fish-cultural organizations, in attempts to use egg number
as a meahs of racial separation., Some of these attempts apparently had
a limited success, but the majority were of little value because of
wide variability between samples taken at different times from a single
area.

In the present study an attempt was made to determine the
degree of variability in egg number and egg diameter of some common
fish of British Columbia. Egg number and egg diameter were compared
with fork length of-several species. Egg diameter was also compared
with fish age in rainbow trout from Paul lake, British Columbia. A
study was made of relationships between egg diameter and characteristics
of the reproductive life history of a number of species., All fish
examined by the author were from collections of the Institute of
Fisheries at the University of British Columbia. Additional data were
obtained from a review of lite;ature.

In this thesis #relative fecundity" refers to the number of

eggs carried by a mature female, relative either to one unit fork length



or to one unit body weight. "Absoluﬁe fecundity", or simply "fecundity"
refers to the total number of eggs carried by a mature female immediately

prior to spawning.



METHODS AND MATERIALS

Early methods of egg enumeration were extremely crude, con-
sisting in general of such procedures as that of Page (1888) who refined
earlier techniques by determining average numbers of ova per quart for
each species, rather than for individual females. Von Bayer (1908)
devised a more elaborate technique involving the principle that the
volume of a sphere varies as a cube of its diameter. After the early
19001's little change took place in methods of egg enumeration until
Burrows (1951) attempted a review of several methods. Burrows examined
the Von Bayer method, in which egg numbers were determined from dia-
meters by the use of prepared table; the Canaday wéight method in which
the weight of a known number of drained eggs taken at random from a
large number is compared with the total sample weight; the improved
weight method involving more careful water reﬁoval than the Canaday
method; and the displacement method of Burrows in which water displaced
by samples of known number is measured in accurately calibrated
burettes and compared proportionately with water displaced by large
numbers of eggs. The Von Bayer method was the only one producing a
biased statistic. Calculated egg numbers were found to be consistantly
higher than numbers obtained by direct counts. All three of the other
techniques produced unbiased results. The Canaday weight method showed
a wide variability which was reduced substantially in the improved
weight method. The displacement technique was the most accurate.

Time involved in making the various measurements was an

important consideration. 1In the tests made by Burrows, the Von Bayer
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technique required the greatest number of man-hours for evaluation of
large numbers of eggs. The two weight methods were found extremely
fast, and because of its greater accuracy, the improved weight technique
is the more favorable. _The displacement technique though requiring
twice as many man-hours as the weight techniques, is still more accurate,
and should therefore be used in detailed fecundity studies where
accuracy is more important than time.

In the present investigation the improved weight method was
compared with the displacement method. 1In each case samples of known
egg number were measured, compared proportionately with measures of
total ovary weight or volume, and total egg number calculated. Actual
egg number in the ovaries was then determined by counfing all eggs.
Results of this comparison appear in Table I. The displacement method
was found superior in that variability tetween samples appeared to be
considerably lower than for the weight method. For this reason the
displacement technique as described by Burrows (1951) was used in all
fecundity determinations made by the author.

Meesurements of egg diameter werermade in a V-shaped alumi-
num trough, in the bottom of which was fixed a metric rule. Twenty eggs
were taken from each of the anterior, middle and posterior regions of an
ovary and placed in the trough. The average diameter for these twenty
eggs was taken as representative of that particular region of the ovary.

The majority of specimens used in the present investigation
were obtained from the fish museum of the Institute of Fisheries at the
 University of British Columbia. The remainder were collected by the

author. Additional data were obtained by personal communication and



Table I. Comparison of displacement with weight methods of egg emumeration using two specles

of fish,
Species Total Volume Total Weight Egg No. Egz Fo. Egz No. Percent Percent
~ Ovary of 100 Ovary of 100 by by ‘ by Error Error
Volume Bze Welght ZHgz Volume Welght Count by by
(ce) Samples (gm) Sample : Volume Weight
(ce) (em) (%)
Mylocheilus 34.60 0.27 37.2 0.27 12,815 13,777 12,970 «l.20 $7.15
canrinum 32.30 0.27 32.9 0.29 11,962 10,972 11,146 +7.32 2.6
 (Summit Ik.) 39.65 0.27 42.7 0.29 14,865 14,788 15,175 -2.04  =2.55
(Prince 35.80 0.26 37.2 0.28 13,769 13,286 14,417 -4, 48 ~7.8%
George)
Mylocheilus L0 0.25 -— - 1,952 — 2,025 -3.06 —_
canrinum 5.5 0.28 — -— 1,964 -— 1,863 5. 42 -
(White Ik.) 5.3 0.21 — -— 2,524 - 2,491 . $1.32 -
(S&lmen Am) 5.1 0.21 —— _—— 2."’29 — 2,561 -10 25 -
Oncorhynchus B .
kennerlyl 20,0 5.66 28.0 5.94 353 358 360 ~1.98 ~0.55
26.7 5.71 26,8 5.71 Ll .74 L62 .76 31,95
(Nicola Lk.) 28,7 = k.78 30,3  5.00 589 - 591 597 -1.34 -1.01

-g—



from a review of literature.

All specimens were originally fixed in 5 to 109 solutions of
formalin, and were subsequently transferred to 40% isopropyl alcohol for
permanent storage in the museum. Shrinkage and weight loss due to
preservation were thus considered comparable in all specimens.

A list of species used, and collection sites is provided in
Table II. Geographic locations were obtained from the Gazetteer of
Canada--British Columbia, 1953. In the text reference is generally made

to common names only.



Table II. Scientific names, common names and collection sites of species used in this thesis.

Sclentific Name , Common Name Collection From Location Position
Prosopium Mountain whitefish Nicola Ik., B.C. F.E. of Merritt  50° 120° SW.
williamsoni (Girard)
Thymallus Arctic grayling Lewis R. Yukon N.W.T.
arcticus signifer Swede~Johnson ILk. N W.T.
(Richardson) :
Coregonus Lake whitefish Swede~Johnson Ik. NeW.T,
clupeaformis (Mitchill)
Prosopium Round whitefish Dease Ik., RBR.C. Cassiar Dist. 58° 13()O SB.
cylindraceun :
(Richardson)
Prosoplum coulteri Pygmy whitefish See literature
(Eigenmann &
Eigenmgnn)
Oncorhynchus keta Chum salmon See Literature
(Walbgunm)
Oncorhynchus tshawyt- Chinook salmon See Literature
scha (Walbaum) , o
Oncorhynchus nerka Kokanee Meadow Ck., B.C. Kootenay Dist. 50° 116 sW.
kennerlyi ‘Wickola Lk., B.C. N.E. of Merritt 500 1200 SW.
(Suckley) Shawnigan k. B.C. TVancouver Is. 48° 1239 1.
Salmo gairdneri Rainbow trout Paul Lk,, B.C. Eamloops Dist. 50° 120° NE.
(Richardson) Peterhope Ik. B.C. Kamloops Dist. 50° 120° SE.
Enouff Ik., B.C. Kamloops Dist. 500 120° NE.
Jacko Lk., B.C. Kamloops Dist. 50° 1200 FNE.
Salmo clarki Cutthroat trout See Literature

Richardson




Table II. Cont'd. Sclentific names, common names and collection sites of specles used in this
thesis.
Sclentific Fame Common Fame Collection From Location Position
Salmo trutte Linnseus Brown trout See lLiterature
Salmo salar Linnaeus Atlantic salmon See Literature
Salvelinus Eastern brook trout ‘See Literature
fontinalis (Mitchill)
Salvelinus Dollyvarden See Literature
malma (Walbaum)
Salvelinus S Lake trout See Literature
namaycush (Walbaum)
Catostomus catosto- Longnose sucker Shelley Slough,B.C. N.,E. of Prince 54° 122° sv.
mus (Forster) George
A ’ 10-Mile Ik., B.C.  N. of Quesnel 53% 122° sE,
Catostormms commer- White sucker Baker Ik., B.C. N.E. of Quesnel 520 1220 NW.
soni (Iacépede) Summit Ik., B.C. Bart Highway 54° 122° sv.
Catostoms macro- Largescale sucker Wolfe Ck., B.C. Similkameen Dist. 49° 1202 SE.
cheilus Girard Little Bull R.,B.C. EKootenay Dist. 4go 115 SE,
Richardsonius Redside shiner Paul Ik., B.C. EKamloops Dist. 500 120° YE.
balteatus Shelley Slough,B.C. N.E. of Prince
(Richardson) George 540 1220 sV,

Trembleur Ik., B.C.

Coast District

125°




Table II. Cont'd. Scientific names, common names and coliection sites of species used in this
thesis.

Scientific Name Common Name » Collection From Location Position

Rhinichthys cata-
ractae (Cuvier &

Valenciennes) Longnose dace Tulameen R., B.C. Similkameen Dist. 49° 120° sW.
Mylocheilus )
ceurinum
(Richardson) Peamouth chub White Iik., B.C. Shuswap Dist. 50° 119° NE.
. Hansard Ik., B.C.  Cariboo Dist. 540 122° SE,
Terrace, B.C. Coast Dist. 549 1280 Ww.
Lota lota
(Linnaeus) Burbot Dutch Ck., B.C. Kootenay Dist. 50° 115° sw.
Perca flavescens
(Mitchill) Yellow perch See Literature
Micropterus
dolmieul
lacépede Smallmouth black
- bass See Literature
Micropterus
salmoides
(Lacepede) Largemouth black
bass . See Literature

Cottus aéper » , ’
Richardson Prickly sculpin Bella Coola R., Coast Dist. 52° 126° sw.
A B.C.
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RESULTS

EGG_NUMBER

Variation in Absoluté'Egg Number

Many workers in the past have counted egg numbers in a few
species of game fish, in attempts to estimate total fish production as
a result of natural spawning in a lake or stream system. A few
workers have done a considerable amount of work on variations in egg
nunber with increasing parent size, variations between races of a
single species, énd so on. Ricker (1932) found a logarithmic relation-
ship between total egg number and fork length of parent fish in eastern
brook trout. Fo#rster and Pritchard (1941) described a positive
corrélation between egg number and parent length and weight in the genus

oncorhynchus. Rounsefell (1957), has demonstrated for the Salmonidae in

general, given a wide range in fork length, that total egg number shows
a curvilinear relation with length, although within the genus

Oncorhynchus, in which the size range of mature adults is small, the

relationship could be regarded as linear.

In additién Svirdson (1949) refers to enormous variation in
egg nunber because of the correlation with parent size. Scott (1955)
showed a positive correlation between fish length and egg number in
rainbow trout. Donaldsonts (1955) breeding experiments with rainbow

trout do not show such a élose relationship, but the same general trend
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is present.
In the present study, insufficient data were available from

mature fish in the museum at the Institute of Fisheries to permit
.plotting of quantities of data for a species from any one locality.
However, sufficient data were available to permit grouping into length
classes, and calculation of mean egg numbers for each length class.
These data were plotted in Figures 2 to 8, in which seven species for
three families are represented. For each species, regardless of family,
a positive correlation exists between egg number and fish length. As

A fork length increases, absolute fecundity increases at an accelerating
rate. There is every indibation, therefore, that the findings of
earliér workers regarding a c&rvilinean'relationship between total egg
number and fish length for ceftain species of salmonid fishes can also

be applied to other families of freshwater fish.,

Variation in Fgg Number Between Areas

In the preceding section the importance of parent size in
determining total egg number has been pointed out. Therefore in any
attempt to observe differences in fecundity within the geographical
range of a species, fish of a comparable size-range mst be used.

Many attempts have been made, frequently without recog-
nition of the numerous variables involved, to use fecundity as a means
of racial separation. This is particularly true of Pacific salmon of

the genus Oncorhynchus. McGregor (1923) attempted, apparently with some

success, to separate river races of chinook salmon in ocean-caught fish

on the basis of egg counts. Ward (1952), however, attempted a similar
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type separation of races of Fraser River sockeye salmon, and found it
impossible because of considerable overlap in ranges in egg number.
Foerster and Pritchard (1941) sﬁrongly caution against use of egg num-
ber in such racial studies because of large, unaccounfable fluctuations
in fecundity among fish from one run, collected at the same location at
different times.

Table III is a comparison of length, weight and range in egg
number for five species of freshwater fish, each specles represented from
two or more localities. The same range in length has been used fo¥ each
locglity.

It is apparent from Table III, in spite of the small number of
specimens available from each area, that considerable variation exists in
range and'mean egg numbers of fish from different localities. On this
basié i1t might appear that mean egg number and range could be used in a
limited ﬁay as a means of racial separation.

Scott (1955) stated that resorption_of ova in rainbow trout
was a process, continuous almost until complete.maturity was reached.
Variations in food abundance in different environments induced different
amounts of resorption, resulting in variations in unltimate egg number.

If this is true for other species of freshwater fish, then spécies
having large numbers of small eggs might be expected to show even greater
absolute variability in feéundity in different environments. Reference
in Table III, to a single size range of mountain whitefish, redside
shiner and peamouth chub from two or more localities wlthin the pro-

vince, indicates that this may be the case. The great variability in



Table III.

Comparison of mean egzg number, fork length and weight for six species of fish from
different geographic locations.

Species Fumber Locality Range Range Range Mean
in in Length in Weight in Bsg
Sample (cm) (em) Egz Number Number
Kokanee 3 Nicola lake 23.0-25.0 159.6- 164,5 360~ U462 Liz
2 Kootenay Ik, 23.0-25.0 124,1- 133.7 309- 345 327
Mountain whitefish 5 Nicola Lake 25.0-28.0 194, 5~ 302.5 1,555- 3,306 2,803
6 Montana 25.0-28.0 170 -~ 227 1,426~ 2,160 1,747
Largescale sucker 2 Wolf Creek Ls,0-46.0 1,156 -1,349.5 21,117-22,662 21,890
1 Iittle Bull
River 45,0-46,0 1,648 20,000 20,000
Redside shiner 3 Paul Lake 10,0~12.0 15.3-~ 18.1 1,129~ 1,372 1,363
8 Shelley Slough 10,0-12.0 14,5~ 22,7 1,071~ 1,694 1,343
L Trembleur Lake 10.0-12.0 19.5- 23.1 1,508- 2,568 2,208
Peamouth chub 3 White Lake 24,0-25.0 218.5-226.7 10,974-12,381 11,777
2 Terrace 24,0-25.0 194,7-219,3 13,261-13,376 13,318

-GI-



Table III. Cont'd. Comparison of mean egg number, fork length and weight for six species of fish
= from different geographic locations.

Species Fumber Locality Range Range Range Mean
in in Length in Weight in Beg
Sample (cm) (em) Bgg Number Number
Rainbow trout - California “bo 2,400
- California 50 3,900
- California 60 5,600
- California 70 7,600
28 Paul Lake . 38.5 2,121
9 Knouff Lake 43,6 2,510
6 Peterhope Lake 45.75 2,280
8 63.4 7,041

Jacko Lake

~H1-
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fecundity shown within one length range of redside shiner (from Shelley
Slough and Trembleur Lake, approximately 110 miles apart) is indicative

of the magnitude of variation encountered.

Variation in Fes Number With Latitude

Certain morphological characters of fish have been observed to
form clines throughout the range of a species. Egg number has been
thought to form a somewhat similar cline in a north-south direction.
Unfortunately, much of this work has dealt with famlily or generic groups
of fishes rather than with any single species. svdrdson (1949), postu-
lated lower fecundity and larger eggs in northern latitudes, as did
Marshall (1953) for seven families of deep-sea fishes.

Rounsefell (1957) attempted to determine whether there was any
relation between fecundity and latitude for five species of Oncorhynchus.
Plotting mean egg number against fork length, Rounsefell was able to
show that for four speclies egg number in the most southern locality was
higher than expected for the average length of the fish. However he used
only samples containing twenty fish or more in‘his figure 1llustrating
latitudinal differences, and appears to have overlooked smaller samples
from other areas. Table IV contains data for chinook salmon, takeﬁ
from Appendix Table I of Rounsefell (1957). It is evident from figures
presénted in Table IV, that mean fork length at maturity tends to increase
in a northerly direction. In addition, considering the small increase in
size involved betweén California and British Columbia collections (with

the exception of Namu), the fluctuations in mean egg number are stroﬁgly
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suggesti#e of, and quite within the range of, environmentally lnduced

variations. In Q. pnerka (sockeye), on the other hand, in view of the

increasing mean size at maturity, there does appeaf to be a valid trend
toward lower fecundity in more northerly reglons.

Much of this previous work with regard to ciinal variation
'was carried out solely with Salmonid species.

Data from Table II have been’plotted in Figure 1 for two
cyprinid and one coregonid species, comparing relative fécundity
against fork length of fish from different latitudes. Solid symbols
indicate the southernmost samples of each species. A statistical analy-
sis was made on mean relative fecundity from samples in more northerly
~areas in comparison with the means of the southernmost samples, and each
difference was significant (P%0.10).

The southernmost mountain whitefish have a lower mean relative
fecumdity (P .05-.10) than would be expected if a cline was present
toward larger eggs and lower fecundity in more northerly latitudes.
Likewise the southernmost peamouth chub have a lower mean relative
fecundity (P  .02) than expected. The redside shiner on the other hand
has one group with higher and another with lﬁwer mean relative fecundity
(P <.01) than would be expected if clearly defined clines existed. The
influence of environment on fecundity is strongly indicated by these
results which, in general, apparently do not support findings of some

workers for certain salmonid species.
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Table IV. Mean egg number and fork length of chinook salmon from
Appendix Table I, of Rounsefell (1957).

Locality Average Average Number Fecundity
' Ege Fork in Relative to
Number Length . Sample /Unit Length
(cm) (cm)

Sacramento R.

Calif, 4670 80.2 108 58.2
Fort Bragg, Calif. 5034 80.8 | 53 62.3
Klamath R., Calif. 3708 81.2 199 bs,7
Fraser RBR., B.C. Loldy 87.1 12 56.8
Cowichan R., B.C. 3885 86.4 25 bs.0

Namma, B. C. 8426 - 103.4 11 8l.5
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EGG DIAMBTER

Variation in Egog Diameter Within Individual Fish

Bgg diameter was measured from anterior and posterior regiomns
of each ovary for several species of fish. Actual measuiements are
presented in Appendix i. Sufficient data were available for five
species, the longnose sucker, coarsescale sucker, peamouth chub, redside
shiner, and mountain whitefish, to permit statistical analysis. Accord-
ingly, the statistical sign test described by Dixon and Mood (1946) was
applied to egg measurement data for these species. BResults of these
tests are shown in Table 7.

Ro significant difference was found in egg dlameter between
right and left ovaries, or between dorsal and ventral reglons of ovaries.
Data for these measurements are therefore mot presented.

A very significant difference was observed between egg diameter
from anterior and posterior regions of both right and left ovaries. Izg
diameter for each of the five speclies was found to be almost invariadbly
greafer in the anteridr than in the posterior région of an ovary.

It was at first thought that this difference might be the
result of differing rates of maturation of ova from the anterior and
posterior regions of ovaries. ZIggs from anterior parts of ovaries might
mature prior to those in the posterior parts and would thus appear the

larger if fish sampled were not completely mature. However, suckers and
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Table V. HResults of statistical sign test applied to egg measnrement
data of five specles.

Number Fumber Fumber Level
of pairs with without of
Species of Larger Larger Signifi-
Obser- Anterior Anterior cance
vations Eggs Ezgs
Longnose
sucker 20 18 2 <,01
Iargescaie
suCker 16 1"’ 2 <e 01
Peamouth ' .
chud 36 36 -0 <.01
Redside :
_ shiner 30 29 1. <.01
Mountain

whitefish 12 10 2 .05




I

cyprinids, unlike salmonids, have a closed "oviduct” extending from the
posterior portion of the ovaries (which fuse together):to.the genital
aperature. In both suckers and the cyprinids examined, eggs were com-
pletely free of ovarian tissue in the fused posterior portions of the
ovaries, and in some cases free eggs were actually preseant 1in the duct.

' These fish were obviously fully mature and ready to spawn. Eges of
these fish were found to be consistently larger in the anterior than

in the posterior portions of the ovaries.
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Variation in Ege Diameter with Parent Lensth

Very little work has been done on fish egg diameter except in
a crude way for fish cultural purposes. A number of authors such as
Pitcomb (1897) and Belding (1934) refer to increasing egg diameter as
parent size increases in brook trout and Atlantic salmon respectively.
In neither case are data presented to substantiate the hypothesis. On
the other hand Scott (1955) found no significant correlation between egg
diameter and parent size for hatchery reared rainbow trout in the size
range studied. Scott used both wild and hatchery reared trout, but con-
sidered only a small raﬁge in size.

In the present investigation, egg'diameter data have been
collected from séven specles, representing six genera and three families
of freshwater fish. ZFamilies represented are the Salmonidae, Cyprinidae
and Catostomidae.

Figures 2 to 8 are plots of mean egg number and diameter
against mean fork length for the seven species referred to above. TFive
of the seven indicate an increase in mean egg diameter as fork length
increases. Brook trout display a comparable increase in diameter with
the exception of the two largest size groups which show a decline in
diameter. This decline may be the result of oid\gge, or of specimens
from different lakes.

Data available for the longnose sucker do not indicate any
consistent tendency towards larger eggs 1n larger fish. This variability
may be due to a lack of complete maturity in some of the few specimens

available, or may indicate an absence of the trend in this species.
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_ Age might be a major cause of larger eggs in larger fish, since
Scétt (1955) found in specimens from Penask lake that second spawneré
had larger eggs than first-time spawmers. However, mean fork length of
the second-time spawners was greater than that of first épawners.
Figure 9 1s a plot of mean egg diameter against fork length for three
age-classes of rainbow trout from Paul Lake. Data were collected by
J. C. Lyons in 1950. The scale readings may be questionable for 2-year-
0old fish since mature 2-year-old female rainbow trout are rare (in
nature). It is nevertheless apparent, considering only 3 and 4-year-
old fish, that the trend towards larger eggs is more dependent on fish
length than on age. Scott (1955) found no significant difference in
egg size within the size range used in his study, howeﬁer, he used only
a very small range in size.

In many cases the number of specimens available was small;
nevertheless, the persistence of the trend regardless of the number of
specimens involved is in itself indicative that larger eggs in larger
fish of a species is frequently & very real phenomenon.

Figure 10 presents mean egg diameter and mean fork length data
for 21 species. A definlte tendency is evident for larger fish to have
larger eggs. The burbot 1is one noteable exception.

Therefore, on the basis of data presented above it appears
that in genergal mean egg dlameter lncreases with increasing fork length,
not only within a single species, but also within a group of different

species.
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RELATIVE FECUNDITY

Total egg number was shown in a previous section to be a poor
method of comparing fecundities of several different species of fish,
because of the close dependence of egg number on fish length. FEgg num-
ber per unit body weight (in grams) or per unit body length (in centi-
meters) was considered lessvvariable for fecundity comparisons in which
different sized fish were involved. Theoretically this measure, which
may be referred to as relative fecundity, would help to reduce large
differences in fecundity as a result of fish lepgth, and at the same
time would not be seriously effecﬁed by differences in body shaps.

Accordingly data were plotted ¥n egz number per gram body
weight vs. fork length for eight species of freshwater fish. Im all
species relative fecundity was found to vary, but no trend was observ-
able as fish length increased. Relative fecundity varied within certain
definite limits characteristic of each particular species, but these
limits were not found to alter their range of variation with increasing
fish length as did total fecundity. Relative fecundity therefore is
considered a preferable measure to absolute fecundity when it is desired

to make precise comparisons of fecundity within, or between, species.

Relationship to Egz Diameter

Totai egg number in any fish is influenced considerably by
egeg diameter; similarly, relative fecundity will be influenced by egg
diameter.

Vladykov (1956) compared relative fecundity of eastern brook

trout with egg diameter, and found that when plotted, a curve resulted
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from which relative fecundity could be approximated for any given
diameter of egg. Data presented in Appendix (iii), for 23 species,
representing 12 genera and 8 families have been plotted on arithmetic
axes in Figure 11, and on loz-log axes in Figure 12. Figure 11 shows
that for all species, regardless of body shape, decreasing egg diameter
is accompanied by an accelerating rate of increase in relative fecundity.
This is to be expected in view of the demonstrated (approximate) cubic
relationship between egg diameter and egg volume. Considering the
diverse phylogenetic relationships of specises examined and the body
shapes involved, remarkably little deviation is shown from the curve. In
Figure 14 the same data‘haQe been plotted on log-log axes, transforming
the curve of Flgure 1l into a straight line described by the regression
equation log 10X £ 5.866~2.670 log 10Y. This line has a high correlation
coefficient (r =-0.97). Dotted lines indicate 99 percent confidence
limits..

From Figure 12 it would be possible to calculate (within
limits) the approximate»total egg deposition of a population of spawning
fish. For this calculation mean egg diameter and mean weight of mature
females, as well as an estimate of numbers of mature females in a popu~
lation must be known. Total approximate egg deposition can then be
calculated. This method has the advantage of saving considerable time

over displacement or weight methods of eggz enumeration.
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Variationg Between Species

In the preceding section the close dependence of relative
fecundity on egg diameter was demonstrated. |

Data on fecundity relative to length and weight were
available for twenty species. These data have been plotted graphically
in Figure 13 and 14. PFigure 13 is a plot of mean fork length against
mean egg number per unit body weight, while Pigure 14 is a similar plot
using mean egg number per unit body length.

The following observations can be made from these datas

1. Each family of fishes appears to have a characteristic range
of relative fecuandity,

2. Standard deviations from mean relative fecundity appear to
increase as relative fecundity increases, and hence as egg
size decreases,

3. It is noteable, as in Figures 10, 11 and 12, that the burbot,
only freshwater representative of the otherwise marine family
Badidae, does not conform to the pattern shown by freshwater

families of fishes.

Variation in Gonad Weight asg Fish Weight Increases.

Data have been presented in the preceding section suggestive
of a decline in fecundity, relative to body weight, as fish length
increases. In Figure 15 data are presented for two specieg, and are
indicative of a slight decline in the ratio between gonad weight and
total fish weight. This might account for the decline in relative

fecundity observable in the previous section. However, percentage
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body weight attributable to gondas was calculated for sixteen species
and arranged in Table VI in order of increasing fish size. No consistent
trend toward a decline in maturity index can be observed as fish size
increases. It would therefore appear that increasing egg dlameter as
fish length increases is at least partly responsible for the oﬁserved

decline in relative fecundity.
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Table VI. Percentage body weight attributable to gonads (maturity index) for sixteen
species, arranged accordirng to lncreasing body weight.

Species Number Total Gonad Body Weight Authority

in Body Weight attributable
Sample Weight (gm) to gonads
Pygmy whitefish 63 13.4 - 15.0% Eschmeyer &

_ Bailey, 1954
Redside shiner 29 . 16.0 2.4 14.8% Cartwright
Longnose Dace 6 18.0 1.7 9.0% Cartwright
Prickly sculpin 2 103.0 12.5 12.1% Cartwright
Peamouth chub 19 170.0 25.4 14,9% Cartwright
Kokanee 37 245.5 57.6 23.5% Cartwright
Mountain whitefish 27 359.0 51.1 14, 2% " Brown, 1952,

Cartwright
. Burbot 7 380.0 69.8 18, U Carlander, 1950,
Cartwright
Longnose sucker 15 Lk, 0 55.2 12.4% Cartwright
Eastern brook trout 27 Lg9.0 68.0 13. 6% Vladykov, 1956
White sucker 2 599.0 62,0 10. 4% Cartwright
Brown trout 37 600.0 90.5 15.1% Rounsefell, 1957
Rainbow trout L2 g934.0 126, 5 13.5% Cartwright
Iargescale sucker 8 1124.0 W2, 4 12.7% Cartwright
lake trout 25 4819.0 699.0 14, 5% Dymond, 1928
Atlantic salmon 534 4999,0 1000.0 20% Rounsefell, 1957

2
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RELATIONSHIP OF EGG DIAMFTER TO REPRODUCTIVE CHARACTFRISTICS

Scott (1955) stated that egg diameter in rainbow trouﬁ was
under strong genetic control. Results presented indicate that while
this may be the case in Scott's experimental fish, diameter can and does
vary within relatively wide limits in many specles.

Cofrelations have been shown to exist between fecundity
(hence in part egg diameter) and life history among some marine species.
Hickling and Rutenmberg (1936) showed for hake, baddock, herring and
pilchard, that duration of spawning period could be approximated dby
graphically plotting egg diameter against frequency of occurrence in
the ovaries. Neave (1948) stated»that fecundity was closely linked with
life history in Pacific salmon. Svdrdson (1949) suggested that selection
forces in an environment effected egg size and number.

On the basis of relationships between fecundity and life
history or environment sﬁggested ;bove, ap attempt was made to determine
whether or not any relationships existed between a number of reproduétive
characteristics and egg diameter. An index gystem was set up, in which
eggs of small or large mean diameter from twenty-six species, representing
fourteen genera and eight families of fishes were compared with adhesive
or non-adhesiveness of the eggs, coloration of the eggs, hatching time
of the eggs, spawning season of the parents, spawning location of the
parents, and degree of parental care(as exemplified by construction or
nbn—construction of redds). |

In a comparison of this type a2 boundary had to be selected to

differentiate fish with eggs of large or small mean diameter., Specles
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in Table VII are arranged in ascending order of egg diameter. A figure
of 3.20 mm., was selected as a dividing point between small and large

eges not only because 1t occurs in a gap separating speclies with dis-~
similar reproductive characteristics, but also because it occurs near

the mean diameter of the species. Selection of a division of this type
has a number of disadvantages, however, in view of similarities in repro-
ductive characters among specles with small or large mean egg diameter,
the anthor feels selection of the chosen boundary Justified.

Chi-square tests were then made on each palr of characters in
comparison with mean egg diameter above or below the selected boundary.
Results of these teéts, recorded in Table VIII, indicate that all six
characters tested are significantly related to egg diameter.

In view of the relationships shown in Table VIII, it is desir-
able to know in precisely which way the characters tested are related to
egg diameter as well as which species, if any, differ from the general
trend. In this way, certain ecological relationships might be demon-
strated. Table VII is an attempt to>111ustrate similarities and differ-
ences in reproductive charaéteristics for the twenty-six species tested
in Table VIII. Plus signs indicate the presence of the characteristic,
oM indicates the absence of it.

In general, gpecies having eggs in excess of 3,20 mm. appear
to be much more consistent in the presence or absence of a character
than do species having eggs smaller than this wvalue. This is undoubtedly
due in part to the fact that species witkh larger eggs are all of one
- family, Salmonidae, representing only 3 genera, while those with small

ezgs represent 11 genera of 8 families. Nevertheless, in view of the
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diverse number of families and genera possessing small eggs, it would
be surprising to obtain Chi-square values or distributions like those
obsegved in Tables VII and VIII if there were no relationship between
egg diameter and the characteristic tested. The presence of the above
relationship is made more evident by the fact that variability in the
relationships of reproductive characters occurs only as égg diameter
becomes larger, at which time more and more variability is observable.
As egg diameter increases still further, an almost complete shift in the
relationships of characteristics is evident.

Similarities can be seen to exist in Table VII between repro-
ductive characteristics and groups of fishes which exhibit similar
ranges in mean egg diameter. Chi-square tests were applied to the
interrelations between each pair of characteristics with the result that
a number of generallzations can be made.

With three exceptionsg, species of fish tested with a mean
egz diameter less than 3.20 mm, had adhesive eggs. On the basis of
Chi-square tests, the following reproductive characteristibs also were
found réﬁresentative of this group of fishes:

1. Eggs were pfedominantly white to yellowish,

2. Incubation period was generally short (under four weeks),
3. Spawning occurred predominantly‘in sp:ing and early summer,
L, No redd construction occurred.

5. Spawning occurred in either lakes or streams.

A group of seven species with'an intermediate range in egg
diameter, and possessing a mixture of reproductive characteristics is

also evident. This group forms a M"transition" zone between the two
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Table VII. Reproductive characteristics of twenty~six species in
relation to mean egg diameter. Plus indicates the pre-
~sence of a characteristic, "o the absence of it.
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Table VII. Cont!'d. ZReproductive characteristics of twenty-six

species in relation to mean egg diameter.

Plus indilcates

the presence of a characteristic, "o" the absence of it.
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Table VIII. Relationship of six pairs of reproductive characters
to mean egg diameter (greater or less than 3,20 mm.)

Test Characteristic Characters Tested Calculated
No. of Chl-square
‘ values

(X2 at
.01=6.635)
1 Eeg Adhesive 16.76
Non-adhesive
2 Egg colour Amber-salmon 16.76

White-yellow

3 Incubation Under 4 weeks 13.99
period
Over 4 weeks

L Spawning season Spring&Summer 7.83
Fall&Winter
5 Spawning Lakes 6.20
location
Streams
6 Parental care Dig redds 28.76

Do not dig redds
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extremes, the only consistent characteristic of this group being that
noné of these specles construct redds.

Species tested with a mean egg diameter 1n excess of 3.20mm.
all had non-adhesive eggs. On the basis of Chi-square tests the fol-
iowing reproductive characteristics were found representative of this
group of fishes:

1. ZEggs were all amber to salmon coloured,

2. Incubation period was generally long (over four weeks),

3. Spawning may occur in spring, fall, or winter,

L, A1l species tested (possibly one exception) constructed
redds,

5. Spawning occurred predominantly in streams.
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DISCUSSION

Bach individual fish of any species first approaches
maturity with a fixed number of primary odcytes in its ovaries, all
of which represent potential ova. This initial number is almost cer-
tainly genetically controlled, and may to some extent be size dependent.
However, egg number 1s essentially similar to other morphological
charactérs, and as such, is subjected to numerous selective forces
imposed by fluctuating environmental conditions which may alter egg
number during subsequent development.

In the present investigation, as well ag in previous litera-
ture, a positive correlation was found between fish length and egg
number. As fish length increases, so does the size of the body cavity.
Fish gonads continue growth just as do other parts of fish anatomy, and
when mature occupy most of the available space in the body cavity. Zgg
diameter, however, determines the number of eggs that can be packed
into any given space. Fecundity, therefore, although positively cor-
related with fish length (hence with size of body cavity), is also in
part dependent on egg diameter. A similar type of relationship was
observable between fecundity and fish weight, but since the variations
were considerahly greater than when length was compared with fecundity,
this comparison has been omitted.

Environment has been demonstrated to have an influence on
fecundity. TFor example, varying degrees of food abundance during the

period of gonad maturation have been shown to alter fecundity in one

size-range of rainbow trout. Rounsefell (1957) showed statistically
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that low sea temperatures were significantly correlated with greater
egg number in pink salmon from Queen Charlotte Islands. Perhaps clinal
variations in egg number with latitude or altitude, as suggested by
some workers, are indirect reflections of the influence of environmental
variables. Many fecundity variations almost certainly are.

Since existing kmowledge of freshwater fish and their biology
is limited, it is impractical to attempt to classify lakes according
to their productivity for each species of fish present. Most fish specles
occupy diverse habitats, each of which is under the influence of a
variable environment. It is therefore impractiéal, in view of the
numerous unknown variables, to use fecundity alone as a racial or clinal
separation.

Egg dlameter as well as number has been shown, in the present
study, to undergo considerable variation. The presence of larger eggs
at the anterior than at the posterior of the ovaries of five species of
mature freshwater fish is an illustration of variabllity in egg diameter
within a single fish. This appearance of larger eggs in anterior reglons
of ovaries is an unusual phenomenon in view of the fact that eggs of
most species are first deposited from the posterior end of the ovaries.
Egegs in posterior reglons of ovaries, if first to mature, should pre-
sumably be larger than immature eggs in more anterior reglons. Such
does not appear to be the case. In Salmonids, eggs from dorsal parts
of ovaries mature first and are probably first to pass through the
genital aperture. Mo significant difference was observed in egg dia-
meter from these two regions. If the blood supply, innervation and

physiology of developing ova are considered, one possible explanation
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becomes apparent. The richkest blood supply is presumably located towards
the anterior, where ovarian blood vessels first contact the ovary.
ﬂutrient is absorbed into eggs by diffusion from the blood supply.
Therefore, eggs in anterior regions of ovaries, if subjected to slightly
higher concentrations of oxygen and nutrient than those in posterior
regions might gbsorb slightly more nutrienf, produce more yolk, and hence
reach a slightly greater size.

The existence of the above phenomenon emphasizes the need for
a standardized sampling procedure whenever egg diameters are to be
measured.

Egg diameter has been demonstrated to increase with increasing
fork length in most specieg studied. The possibility of a relationship
between age and egg diameter was studied using rainbow trout. Age was
found to have no consistent effect on egg diameter, except that
occasionally the oldest fish were also the largest And hence had the
largest eggs. This phenomenon may be the result of continuous growth
throughout life as is common for most morphological structures of the
majority of fishes.

In view of the variabllity in egg diameter mentioned above,
the author must take exception to the hypothesis put forward by
Scott (1955) that food availability during the period of maturation
influences egg number, but not diameter, and that egg diameter was
fixed within rather narrow genetic limits.

First, the question arises regarding the effect food avail-
ability has on egg size. If food is scarce and competition for it

intense, sufficient nutrient may not be obtained to permit much growth.

Maturation processes, however, continue. The result is that fish
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mature at a small size and have small eggs. On the othef hand if food
is abundant and easily obtainable, fish mature at a larger size and con-~ ’
sequently have larger eggs. Therefore food avallability during the
period of maturation does influence egg diameter. Second, while little
argument can be advanced regarding genetic cortrol of egg diameter within
ﬁpper and lower limits, the rigidity of this control between these limits
is questionable. The magnitude of difference observed in egg diameter
in the present study (as much as forty-five percent in fainbow trout from
Paul lake) indicates that egg size is quite variable, and is dependent
on parent size, but indirectly on food availability, prior to maturity.
Much of the substance responsible for egg size is yolk. 1In
order to produce yolk, mutrients rmust be transported in the blood of
the parent to the tissues surrounding each individuval ovum as it develops,
and subsequently mist be absorbed by the ova. These nutrient materials,
once absorbed, are lost as nourishment to the parent fish except where
resorption of ova occurs as was suggested by Scott (1955) ard Viadykov
(1956). Possibly, however, when ova undergo regression the follicles:
take 6n a hormone secretory function Brown (1957), in which case -
nutrients are still required by the follicles. Obviously a parent fish
can pfovide only so much nutrient, dependent on feeding conditions,
without endangering her own existence prior to spawning. On the basis
of Scott's (1955) observations excessive resorption of developing ova
occurred under conditions of low food abundance., Therefore, given con-
ditions of great food abundance (and availability) more nutrient could

theoretically be made avallable to ova over fheir whole period of develop-

ment. This could result in the production of greater numbers of ova, as
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well aé the absorption of larger quantities of nutrient by individual ova.

In Figure 10 data were presented on egg diameter for twenty-
six different species in which a general trend toward larger eggs in
larger fish is apparent. Therefore, considerable care should be exercised
in selecting fish size if egg diameter is to be used in comparisons of
groups of even closely related species, collected over wide ranges within
the distribution of the species.

Furthermore, Marshall (1953) presents data in Table I of his
paper, for four families of fishes which range from arctic to boreal
regions. In two of these families the adult fish in arctic regions are
substantially larger than in boreal regions. Data presented by Rounsefell
(1957) also indicates that for many salmonids, spawners from the northern
parts of their range are not only larger, but also frequently older than
those from the southern parts of their range. They consequently would
tend to have larger eggs. Perhaps this is one of the major reasons for
the observation of larger eggs in polar reglons, whether within or between
specles.

The relationship between total egg number and fish length has
been shown to be too variable for use in any comparative studies.
'Fecundity relative to a single unit of body length or weight, however,
might have possibilities. This system would in large part compensate for
differences in length of parent fish, even when different specles were
involved.

‘ Fish weight increases roughly as a cube of the lncrease in
length., Xgg number; becguse of its relationship with body cavity size and

condition of the parent fish, does likewise. Examination of data has
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indicated that considerably less variability occurred in fecundity rela-
tive to a unit weight than to a unit length. Also, no consistent change
was observed as fish length increased. For the above reasons, relative
fecundity could be an extremely valuable tool in comparative fecundity
studies, as fish of different specles, in almost any siee range, can be
compared directly with one another.

Relative fecundity was shown in Figures 13 and 14 to be closely
linked with egg diameter. Because of the correlation (r = -0.97) observed
in Pigure 14, it is possible to approximate relative fecundity for any
given mean egg diameter. This method could prove a valuable tool, and
time saver, in population studies as it obviates the necessity of
counting large numbers of eggs when attempting to estimate total egg pro-
duction of a spawning population of fish., If mean egg diameter, mean fish
welght and approximate number of fish are known, approximate total egg
number can easlily be calculated.

Relative fecundity has seldom been used in the study of
interspecific relationships. However, in view of the close relationship
demonstrated between relative fecundity and egg diameter, the use of this
measure might prove fruitful.

Within each family of fish a tendency can be seen to decrease
fecundity relative to body weight, while at the same time an opposing
tendency can be seen to increase it relative to body length, as fork
length increases. This can be accounted for by the demonstrated increase
in egg diameter as fish length increases. ZEgg number, assuming constant
diameter, should increase in almost a direct proportion to increases in

size of body cavity. Body cavity, in most fishes, increases in almost
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a direct proportion to increases in total fish welght which In turn
increases 1n approximately a cublc ratio to each increment in fork length.
It is therefore apparent that absolute fecundity will increase much more
rapidly for each additional unit of lengthrincrement than it will for
each unit of weight increment. For example, one centimeter increase in
length would generally correspond with a greater fecundity rise than
would one gram increase in weight. Relative fecundity behaves in a
similar manner. |

Egeg diameter, however, has been shown to increase as fish
length increases. This increase in diameter may be sufficiently large
to cause’the apparent decline in relative fecundity observable in
Figure 13. The presence of larger eggs in larger fish might well be the
ma Jor caﬁsqlof a décline in fecundity of older fish as observed by
Calhoun (1944) for yellowstone cutthroat (S. glarki lewisl).

The various points on Figures 13 and 14 have been separated
into two groups, above and below 3.20 mm. mean egg diameter, in an
attempt to illustrate the rather substantial differences in relative
fecundity of the two groups. These differences may represent reflections
of differences in life histories or in ecological relationships of the
various species. An outstanding example is the dburboit, only freshwater
representative of the otherwise marine family Gadidae, whose life
history and ecology differ from most other freshwater specles of fish.
Reference to Figures 10, 11, 13 and.l5 abundantly demonstrates the mag-
nitude of differences in relative fecundity and egg diameter of the bur-
bot as compared with other species. It is suggested that these differences,

certainly genetically controlled, are also directly related to certain
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phases of the life history and ecology of this amimal. Data presented
in Tables VII and VIII lend further support to this hypothesis.

If such environmental variables as food abundance (or quality),
perhaps temperature; alter fecundit& and egg diameter, ecological relation-
ships could concelvably do likewlce.

Tables VII and VIII present data which demonstrates the close
relationship between certain®reproductive characteristics® and egg dia-
meter in a number of species rqpresénting diverse phylogenetic and
ecological groups. The presence or abgsence of most of the "reproductive
characteristics” in these diverse groups, with eggs of either small or
large mean dismeter, i3 too consistent to de cgincidental. They are in
fact highly significant statistically.

Small eggs, among species examined, appear invariably asso-
ciated with adhesiveness and a white to pale yellow coloration. Small"
eggs are more buoyant than larger ones because of a larger surface
area~-volume ratio. They hence are much more easily transpdrted by water
currents than are larger eggs. Most spawning occurs on either lake
shores where wave action supplies water currents necessary for adequate
gaseous exchange, or in streams where running water is present. Simple
deposition of ova on the substrate in such places would almost certainly
result in excessive mortality as a result of waghing away in currents,

. stranding, or transﬁortation of eggs by water currents, to predators. No
species tested with small eggs showed any indication of redd construction.
The development of adhesive eggs, however, would appear to have many

, édvantages far outweighing the disadvantages. If gdhesive; these smﬁll

egzgs could settle into rarrow crevices between rocks, adhering to sides
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and bottoms of stones where they contacted them as a result of water
currents. Many woulﬁ, of course, adhere to exposed surfaces where they
would be openly ‘sub:]ected to predation. However, thelr small size and
pale color render them almost indistinguishable, at times, from sand
grains., In many cases eggs become encased in a "shell! of sand grains
(gragling), rendering them virtually invisible on any sandy substrate.
It 1s tlus possible to postulate processes of selectlion acting toward the
development of neutral colora.tio‘n and adhesiveness in fish with eggs of
small diameter.

On the other hand large eggs, among species examined, appeared
invariably associated with a lack of adhesiveness and an amber to salmon
colors Because of the relatively large sizé of these eggs, fish must have
fewer of them. The eggs are consequently ver& valua'ﬁle to. the ‘species as
a vhole. Wolf and Wales (1953) demonstrate«i that rainbow trout had a
deﬁﬁite preference fozv-v food éellets or corks dyed red, with orange as a
sec\dnd choice. ¥No élther colors attracted any attention. Similar pre-
ferences have been shown for other species of fish. They also showed
rainbovw trout to have a def;nite'preference for bright red salmon eggs as
compared with Ppale® colored eggs. These large, amber-salmon colored
eggs‘ would appear to be exceedingly attractive to predators of many kinds,.
Brown (1957) sugegested that the accummlation of carotenocid pigments in
ova may be important in supplying chromatophore colors to the developing
larvae, and as such, may be of considerable survival valwe, In addition, °
retent work indicates that carotenoid pigments of eggs may pléy an
important part in fertilizat_ion by stimulating chemotaxis _1n_ gpermatogoa.

The presence of brilliant pigmentation in most large eggs would thms
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appear to be of some survival value to species which, because of large
egg size, have conslderably reduced egg numbers relative to fish with
small eggs.

_ If eggs of these specles were broadcast randomly over the
surface of the substrate, predators would soon be attracted, resulting
in excessive losses. Some type of parental care would be essential to
survival of thege large eggs. Construction of redds appears to be the
direction in which forces of natura.i selection have swung, since all
spé_pies studied with large eggs are kmown to construct redds of ome form
or another; none are known to bulld nests or guard the young after
hatching. In addition, construction of a pit into which the eggs are
deposited may permit more thorough mi_.xing.of sperm and eggs which,
together with the sugpected chemotactic effect of carotenoid pigments,
may insure a higher successful rate of fertilization than would be pos-
sible if the eggs were merely broadcast on the substrate. Therefore,
both redd construction and pigmentation may be of considerable survival
value to species with large eggs and reduced egs numbers.

Bggs of large diameter, because of their relatively lower
surface area to volume ratio require a greater flow of water for
gaseous exchange than do egg§ of small diameter. BHence this‘may represent
a major reason for the prevalence of stream sgpawning in specles with eggs
of large mean diameter., Speclies with large eggs, and which spawn in )
lakes presumably do so in porous gravel through which sjrings flow.
Perhaps this represents one reason why ‘these specles are sélective as to
spawning sites, for the gravel must be extremely porous, and virtually

free of any fine particulate matter, which has been shown by Hobbs (1937)
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and Stewart (1953), to induce high mortality in eggs of rainbow and brown
trout.

Aﬁhesiveness appears to have been lost to eggs of large
diamete;. Adhesive eggs would cling to stones as they touched them, with
the result thgt many could be crushed during the comstruction of redds.
Fon-adhesive eggs on the other hand would in all probability be moved
aside by water currents from the moving stones, and subsequently come to
rest in crevices between stones., Non-adhesiveness also prevents an
excessive amount of "clumping" among larger eggs which otherwise could
result in a curtailment of water flow around the eggs, or provide a.favor-
able medivm for growth of fungus around dead ova. Oxygen uptake would be
a minor problem witk small eggs because of thelir greater surface area-
volume ratio, and greater ease of gaseous exchange. Fangus is a very real
problem among small as well as large eggs, and 1s probably offset by
increased numbers of the small eggs.

These processes of natural selection are almost certainly
active at all times in all populations of fishes. Svirdson (1949)
postulated selection pressures acting toward the developxﬁent of larger
eggs in all species. Brown (1957) states that larger ezgs produce larger
fry than smaller egges reared under identical conditions. If it is true
that fry from large eggs grow faster than those from small eggs, and may
subsequently attain greater size, then there may be strong selection for
fish to preduce larger eggs. However, all fish do not have big, brightly
colored eges. It appears, therefore, that for many species, selection
factors are acting very strongly towards development of small colorless

egss. Many fa.ctbre could faver selection for small eggs. For example,
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considerably greater numbers of small eggs can be matured with much less
drain on energy reserves of the parent fish than if large eggs were
matured. Mature fish may then survive to spawn two, three or even more
times, thus adding much to the reproductive potential of a population.
Pry from small eggs, though frequently more numerous than those from
large eggs may be more difficult for predators to find and hence in some
cases may have greater chances for individual survival. The greater
surface to volume ratio of small eggs may also be of considerable survival
value in environments with restricted oxygen supplies, because of their
greater ease of respiration. |

In almost every set of environmental conditions, natural
gselection 1s ‘probably constantly affecting egg size and number. Under
each set of conditions selection for larger or smaller eggs probably
attains a more or less stable lével, "the upper and lower limits of which
are under genetic control, and may fluctuvate with genetic changes.
Therefore, as environment changes along with climatic or geographic fluc-
tvations, fecundity can also be expected to change, but not necessarily
toward lower fecundity and larger eggs. Selection may become equally

intense for greater numbers of smaller eggs.
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Results indicate that a pesitive correlation between fecundity and
fork length exists for all species of fish eﬁra.mined ag well as

for salmonid species tested by earlier workers.

Pecundity, because of large, unpredicatable, environmentally
induced variations, as well as variations caused by size and age
of fish, cannot be considered practical for extensive use in

raclal or clinal studies.

It cannot be positively stated, with all existing evidence whether
or not egg diameter or number form latitudinal clines in any or all

gpecles.

Egg diameter is variable within a single ovary of a fish., Of
five species tested, all had significantly larger egss
(405 = .01 levels) in anterior than in posterior reglons of their

ovaries.

Ege dlameter apparently increases as parent size increases, both
within a specles and between species. This indicates the necessity
of using comparable slzed fish in all instances in which egg

diameter 1s to be used for racial or clinal studies.

Age was found to have no apparent direct effect on egg dlameter

of rainbow trout from Paul Lake.
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Range in fecundity relative to a unit of fish length or weight is
superior to total egg number for use in raclial or clinal studies
becausge of reduced variability with lncreases in total fish length

or weight.

Considering sixteen specles tested, body shape appears to have

1ittle or no effect on relative fecundity.
Relativé fecundity 1s closely dependent on egg diameter.

The burbot, the only freshwater representative of what 1s otherwise
solely a marine family, differs substantially in many aspects of

fecundity (and life history), from purely freshwater families.

In tventy-six specles of freshwater fish, egg dlameter was found
significantly correlated with a number of reproductive character-

istics.

Fish with egzs of small mean diameter generally have white to
yellowish eggs, adhesive eggs, short incubation periods, no redd
construction (parental care), variable spawning location and

spring or summer spawning season.

Fish with eggs of intermediate mean dlameter represent a group

exhibiting variable reproductive characteristics.

Fish with eggs of large mean dlameter generally bhave amber to
salmon colored eggs, non-adhesive eggs, long incubation periods,
redd construction (parental care), stream spawning and variable

spawnlng season.

7
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Appendix i. Fecundity data of some British Columbia fish arranged in
phylogenetic order. . '
Species Fork Bgg Bge Ege No. Bgg No.
Length Weight Diameter XNumber Per cm. Per gm.
(em) (gm) (mm)
Pro SOPi'um 26. 5 222, 5 2. 86 2871" 108. 5 120 9
williamsoni 27.0 275.5 2.82 3282 121.6 11.9
27.0 255.5 2,77 3306  122.4 12,9
Ricola 27.5 302.5 2.66 2998 109.0 9.9
Lake 30.5 hol.7 - 2.81 5128 168.1 12,8
30.7 382.4 2.88 38.3% 124.9 10.0
Thymallus 27.3 - 2.55 Partially
arcticus 29,2 - 2.70
glgnifer 26.0 - 2,50 spawned
27.9 - 2.40
Yulkon 29.9 - 2.42 out
perka 19.7 78.0 3.9 271 13.8 3.5
kegger;l,x'j, 20 03 80 .0 ao 1 208 10 . 3 2. 6
' 20.3 86.1 L1 215 10.6 2.5
20.3 b8 3.8 22 11.9 3.2
J.C.Lyons 20,3 77.2 4.1 164 8.1 2.1
(1950) 20.6 85.1 4.6 i8h 8.9 2.2
20.9 106.7 b,3 376 18.0 3.5
20.9 76.8 3.9 225 10.8 2.9
Meadow Creek, 20.9 91.1 LY 105 5.0 1.2
B.C. 21.6 97.2 4,3 228 10.6 2.4
21.6 83.4 b,2 2 11.2 2.9
22,1 111.2 L6 199 9.0 1.8
22.1 105.3 4.5 252 11.4 2.4
22.3 109.3 L,7 203 9.1 1.8
22.3 105.8 4,2 189 8.5 1.8
22.9 104.0 4.3 203 8.9 2.0
22.9 116.3 4,2 277 12.1 2.4
22,9 109.4 4.8 250 10.9 2.3
22.9 105.5 b3 309 13.49 2.9
22.9 106.5 4,6 2h7 10.8 2.3
22.9 119.6 4,3 230 10.0 1.9
22.9 107.6 h,7 236 10.3 2.2
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Appendix i. Cont'd. Fecundity data of some British Columbia fish arranged
in phylogenetic order.

Species Fork Beze Ege Egg Wo. Egg No.
Length Weight Diameter Number Per cm. Per gm.
(cm) (gm) (mm)

Oncorhynchug 22.9 116.9 4,6 184 8.0 1.6
Qerka 22. 9 1lo0. 5 ’4‘0 5 263 11. 5 2. L
kennerlyl 22.9 114.3 - 4,5 236 16.3 2,1

Je c.mns, 2“".1 13307 3.8 309 i 12,8 2.8

(1950) 24.8 124.1 3.5 345 13.9 2.8

Meadow Creek,

B.C.
Nicola Ilake, 2303 15906 ’4’.5 %2 19.8 2.9
B.C. 23.4 164.5 L,7 s 17.7 2.5
23.8 160.8 k4 360 15.1 2.2
25.7 . 207.2 4.5 579 22.5 2.8
29,0 340.7 5.1 963 33.2 2.8
30.8 375.9 5.2 1077 34.9 2.9

Salmo 42,5 1127 L7 1877 I, 2 2.0
gairdneri kb, 0 1264.7 4,3 2238 50.9 2.0

J«Celiyons & 47.5 1357.3 b4 2014 Lo L4 1.7
(anpubd) Lg.0 1524.5 L.s 2527 52.7 1.9

Peterhope

Lake
Knouff Lake . 28.0 286.14' 3.6 750 26.8 209
30.5  393.1 3.5 2064 67.7 5.9
ki, 5 1036.5 k3 2170 Le.8 2.5
h7.5 1293.5 L3 2067 43,5 1.8
48,0  1449.0 4,3 3090 6L, b 2.5
50.0 1608.4 L3 2330 Lé.6 1.7
52.0 1783.0 L2 3905 75.1 2,6
Jacko lake 61.5 2849,5 Lo 6313 102.7 2.6
63.0 3000.0 b3 Lg31 76.7 1.8
63.0 3700.0 4.3 6941 110.2 2.2
70.0. 3999.7 L4 6991 99.9 2.0
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Appendix i. Cont!d. PFecundity data of some British Columbia fish
arranged in phylogenetic order.

Species Fork Egg Feg Fge No. Bzg Yo.
Length Weight Diameter Number Per cm, Per gn.

~ (cm) (gm)  (om)

Salm_o: o
&i rdneri 28. 5 260 .8

32.6 378.5 1.7 12033 369.1
33.0 k26,2 1.55 18544 572,3
33.3  551.2 172 19593  588.L
34.0 55,6 1.50 20300 1067.6

L ]

3.4 884 31.0 3.9

J.C.Iyons & 32.0 622.9 L1 1121 35.0 2.0
P.A.Jarkin 33.0 543,2 3.9 979 29.7 2.1
(unpuh) 35.0 393.2 3.9 838 23.9 2.4
Paul Lake 35.0 619.0 b2 1306 37.3 2.5
35.5 479.9 3.8 1621 45,7 1)

36.0 575.8 h,o 1326 36.8 2.7

36.0 563.2 .0 1556 43,2 3.3

36.0 h51.4 3.9 1451 40.3 3.9

38.0 729.7 4,0 2111 55. 3.5

ho.o 619.5 3.9 1204 30.1 2.2

.o 712.3 4,0 800 19.5 1.2

1.0 887.6 h,3 1957 k.7 2.6

41,5 962.5 4,3 2485 59.9 3.2

42,5 820.8 4.6 1058 24,9 1,5

43,0 723.3 3.6 1788 1.6 2.8

k3.0 936.5 3.8 2298 53,4 2.8

LL,o0 999.8 4,2 2326 52.9 2.7

L4, 0 8h2.3 L2 1395 31.7 1.9

44,0 1158.1 k.o 2919 66.3 2.9

W5 1159.8 bl 2350 52.8 o 2.b

ks 0 1090.3 4,2 2423 53.8 2.7

47,0 1260.0 b by 2121 hg,1 1.9

47,0 1051.7 3.6 ko0 105.7 5.9

4g.0 127545 L7 1581 32.9 1.4

49.0  1249.7 b1 2623  53. 2.4

Catostomus 28.6 297.1+ 1.60 8600  300.7 28.9
catostoms 29.0 304.5 1.50 12765 hio, 2 41,9
30.7  371.2 1,70 15132 592.9 4o.8

Shelley 31.5 399.3 1.64 18098  574.5 bs.3
Slough 32.2 Kne,.0 - 17603 s46.7 b2.3
32.4 418.3 1.61 1854k  572.3 b3

32.5 hog.8 2h978 768.6 5043

31.8

by, 3

35.5

66.5
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Appendix 1. Cont'd. Fecundity data of some British Columbia fish
' ' arranged in phylogemetic order.

Species Fork Eege Ezg ¥gz No. Bge Ho.
Length Weight Diameter Number Per cm. Per gm.
(em)  (em) (mm)
Catostomug 34.5 shk,7 1l.61 18,000 521.7 33.0
catogtomg 34,5 L60.8 1.49 15,800 457.9 34.3
Shelley 35.0 528.8 1.66 22,833 652.4 k3.2
Slough 35.0  510.5 - 20,787 593.9 ho.7
Catogtomes 39.0 741.2  2.01 17,963 460.5 24,2
macrocheilus 41.5 1,085.5 2.ln 13,669 329.3 12,6
.s 930.0 2.20 15,463 372.6 16.6
h2,2 1,040.0 2.16 20,667 4g9.7" 19.9
Wolf Creek k3.0 1,044.0 2.28 14,900 346.5 14,3
4s.0 1,156.0 2,23 21,117 h69.2 18.3
46, 1,349.5 2,27 22,662 ho2.7 16.8
Little Bull R. L46.0 1,648 2,62 20,000 4348 = 12,1

gg;ggggggg 32.0 u65;7 .84 11,825 369.5 25.4

‘gcommersont ~ 38.5  733.2 189 17,05 = 452.1 23.7
Mylocheilus 240 218.5 1.59 10,974 hg7.2 50.2
caurimm - 2h;5 225.0 1.58 12,381 505.3 55.0
¥hite Lake 25.1 237.0 1.62 11,786 469.6 hg.7
25,2 27,5 1.59 14,170 562.3 57.3

25,6 246.6 1.61 13,933 suly. 2 56.5

26.1 264.7 1.68 17,261 661.3 65.2

26.2 k6.7 1.66 13,585 518.5 55.1

26,2 266. 1.68 13,796 526.5 51.8

2643 265.9 1,63 13,030 hos, by 9.0

A 26.8 282.7 1.62 17,268 644,23 61.1

Hansard Lake  19.6 781.3 1.48 5,222 266.4 64,2
: 19.6 79.0 1.48 4,643 236.9 58.8
19.9 80.5 1.53 4,335 217.8 53.9

20.7 92,2 1.8 6,664 326.7 72.3

61.0

21.2 86.1  1.59 5,256  247.9




Appendix i. Cont'd. TFecundity data of some British Columbia fich
arranged in phylogenetic order.

Specles Fork | Bez - Zes Feg No. Hee Fo:

Length Weight Diameter Number Per cm. Per gm.
(em)  (gm) (mm)

~ cauripum 24.7 194.7 1.55 13,376 541.5 68.7
Perrace 24.8 219.3 1.55 13,261 5347 60.5
cataractae 9.9 14.0 1.53 775 78.3 55.4
' 10.9 21.3 1.51 890 81.7 4.8
Pulameen R. 11.3 20.0 1,38 756 66.9 37.8
11.4 25.0  l.40 1,102 96.7 .8
Richardsoniug 9.9 13.9 1.26 1,198 121.0 86.2
balteatvs 10.1 14.5 1.18 1,182 117.0 81.5
Shelley 10.7 17 8 0.84 1 69& 158.3 95.2
SIOU.gh 10.8 -.180'7 1, 2’4’ '33’4’ 12305 7103
10.9 18.6 1.21 . 1,243 114.0 66.8
11.0 18.3 1,12 - 1,539 140.0 84,1
11.5 2.7 - 1.3k 1,40k 122.1 61.9
11,6 20.6 1.24 1,279 110.3 62,1
12.4 30.7 1.20 2,205 177.8 71.8
Trem'ble'lu‘ 9.2 10.9 1. 22 1,’401" 153.6 12808
Lake 9.2 9.7 1.24 1,688 183.4 174.0
9.3 10.6 1.33 958 103.0 90. &
11.1 20.0 110 2,327 209.6 66.4
11.2 20.1 1.28 2,568 229.3 127.7
11.5 19.5 1.23 2,72 - 214.9 126.8
11.7 23.1 1.43 1,508 128.8 65.3
12.7 24.6 1.20 3,384 266.5 137.6
Paul lake 8.3 7.7 0.93 778 101.0 93.7
9.3 11.9 1,04 827 88.9 69.5
9.4 11.7 1.12 1,066 113.4 91.1
9.4 12.8 1,17 1,129 120.1 88.2
9¢5 11.1 1.30 880 92.6 79.3
9.7 13.2 1.29 1,166 120.2 88.3

9.8 1.z - 1,000  102.0  85.5




Appendix i. Cont'd. Fecundity data of some British Columbia fish
arranged in phylogenetic order.

Specles Fork | Bge Fgg Egg Fo Egg No.
Length Weight Diemeter Number Per cm. Per gnm.

(em) (gn)  (mm)

———————— oam—

i

P—= — — ——

“Blchardsonipg

balteatug ‘
Paul Lake 10.2 15.4 1.12 1,372 134.5 89.1
_ _ 10.3 15.3 1.16 1,500 145.6 98.0
11.5 18.1 0.99 1,216 105.7 67.2

e Iota lota i |

" Dutch Creek 36,5 361 0.65 295,000 8,082° 817.2
(Kootenay)  37.0  399.2 0.70 395,000 10,675 989. 4
Cottus agper 12.4  27.1 1.23 1,571 4ok, 5 69.9

Bella Coola 21.2 178.9 .21 14,655 691.2 81.9



Appendix i1, Mean fecundity data of some British Columbia fish.

Feg

~ Fork Bzz Egg No. Bee ﬁo. Fumber
Species Length Weight Diameter Fumber Per cm. Per gm. in
(em)  (em)  (mm) Sample
Prosopium -
williamsoni 28.2 306- 6 2.80 3 N 570 1250 8 11, 7 6
Thymallus arcticus
signifer 28.1 -— 2.51 -— — _— 5
Oncorhyndhus nerka
kennerlyi 22,3 134 b,28 354 10.8 2.4 37
Salmo gairdneri 43.7 1,171.3 4,13 2,389 51.4 2.6 k2
Catostoms
catostoms 32.6 4k 1.60 8,361 569,6 1.1 15
Catostomus
macrocheilus  43.0 1124 2.23 18,305 bl 4 16.9 8
Catostomus
commersoni 35.2 599 1.85 14,615 410.8 24,5 2
Mylocheilus
caurinum 23.8 194 1.57 11,095 453.3 58.1 19
Bhinichthys
cataractae 10.5 18.4 1,35 802 75.6 bh.o 6

-ﬂ&-



Appendix 1i. Cont'd, Mean fecundity date of some British Columbia fish.

Fork - Bezg Beze Bzg Yo Egg No.

_ Fumber
Specles Length Weight Diameter Tumber Per cm. Per em. in
(cm) (em) (mm) Sample
Richardsonius ' S
balteatus 10.5 16.2 1.15 1,453 137.0 90.1 29
Iota lota 36.8 380 0.68 345,000 9,378.5 903.3 2
2

~ Cottus asper 16.8 103 1.21 8,113 Lok, 5 - 70.0

-gz‘-



