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Table 10. The state of the plankton population July 15, 1955, at 7—=8 p.m.
Mean for three samples with 5.3 1. plankton sampler (x) and mean square (s2).
Southern Valbma (outside stations 30—31), total depth 9 m.

Surface 2 5 8
Depth of sample, m

X s2 x s2 x s2 x s2
Heterecope, copepodites .... 2.0 3.0 43 8.4 2.7 5.4 0.33 0.33
Diaptomus, copepodites .... — — 10 1.0 1.7 13 0.67 0.33
" adults ... 0.33 033 17 0.33 1.0 1.0 — . —_

Nauplii o 16 64 21 57 16 57 17 122
Cyclopoida, copepodites I-I11 4.0 1.0 4.0 7.0 13 0.33 0.67 0.33
Iv 10 0 0.67 13 0.33 0.33 1.0 1.0
” ” \Y — — 067 033 17 2.3 —
Cyclops adults ..o 0.67 0.33 1.7 13 2.7 6.3 2.0 3.0
Daphnia cristata....................... — — — — 13 13 1.0 1.0

Bosmina ... .. 6.0 19 14 40 11 48 32 50
Holopedium 2.7 13 10 2.3 6.3 14.3 3.3 1.3
Polvfemus ... 1.0 1.0 — — — — — —

Other Crustacea .. — — — 033 0.33 0.33 0.33
Rotifers, solitary.................. 90 2281 106 1021 96 1444 71 272

plankton density at Station 46, June 16 (Table 9) should exemplify those
variations in plankton density that could be expected in a water area without
zooplankton production and where physical factors and predators can act
with greater effect on the plankton density than in the lakes. The whitefish
young from this station on June 16 had eaten less plankton than on June 12
(Table 8). In July the plankton consumption had again increased at this
station; the diet varies strongly with the food offered.

Whitefish young can early manage to catch food animals 2—3 mm in
length (Diptera, Table 8) and of course the plankton Crustacea, Hi—IV2
mm in length, too [Bosmina, Cyclops adults and larvae). The only sign of
a change in size of food animal with length of predator in this material is
the fact that nauplii and rotifers disappear from the diet during the first year.

With such a plasticity in feeding habits, the diet should vary with differ-
ences in habitats, provoked by the choice of spawning sites of the parent fish.

6. Period 1, habitat and school behaviour

Between young peled and young of the group pidschian-lavaretus such
differences as those mentioned above exist during the first weeks after
hatching, judging from the known spawning places. The spawning places
of pidschian and lavaretus are, however, so intermingled that compound
schools of fry must result at hatching. Pritchara (1931) has observed com-
pound schools of whitefish and ciscoe young and Keeniteyside (1955) has
discussed compound schools. Observations referred to in Chapter 1 show
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that whitefish young behave like true pelagic fish — the school is the shelter
of a pelagic fish (Atz 1953) — and their primary reaction should be an
unspecified attraction to other whitefish young, without regard to species.

It is not known when those reactions mature in young whitefish that
cause a mixed school to break up into one-species schools (cf. Keenleyside
1955).

Lindroth (1959) has studied the rather varied behaviour of the young of
two whitefish species in relation to the environmental details of a rearing
pond, without finding any differences between species.

7. Observations on whitefish young in ponds and aquaria

Experiments that have been described in more detail in the mimeographed
version (in Swedish) further illustrate how whitefish young can vary their
diet. No difference between species in feeding behaviour was observed. Adult
Daphnia was attacked and often ejected again from the mouth (cf. Wagler
1937, Blaxter & Holliday 1958, Lindroth 1959). It did not seem to be
effectively used as food until the young reached a length of about 3 cm.
Newly hatched Artemia were taken not from the aquarium bottom but when
whirled up from it. They were eaten and often also rejected in swarms, but
in contrast to Daphnia they ended up in the alimentary canals of small
whitefish young too.

8. Period II, identification

The variation in gill raker number of adult pelecl, lavaretus and pidschian
in Uddjaur and Storavan is illustrated in Fig. 3 and Svardson 1957. The range
of peled and lavaretus overlap to a slight degree, and single individuals
may be wrongly classified. The same applies to the delimiting of a fourth
whitefish form, preliminarily called “&lvsik”, from lavaretus and pidschian.
“Alvsik” are only caught in small numbers where they exists in regular
populations, i.e., around Station 12, and are very rare in the Valbma—Dol-
jaure district where the majority of whitefish young are caught.

The uncertainty in the classification of younger individuals is greater, the
greater is the overlap (Fig. 3).

In Fig. 3 A is presented all material from Uddjaur and Storavan on the
relation body length—number of gillrakers of young. The points gather in
three diverging bundles which at the end of the first year almost reach the
levels of the definite numbers of gillrakers for peled, lavaretus and pidschian.
A tentative delimitation of peled from lavaretus young has been worked out.
assuming a variation of 8—11 gillrakers for each species. Only the lower limit
of peled and the upper limit of lavaretus are of any importance and these are
set forth in Fig. 3 B. As the regions of variation overlap, those two limits
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Fig. 3 A. Identification of whitefish young. All analysed material from Lakes Uddjaur and

Storavan on the relation between total length and number of gillrakers (left). In the right-

hand part of the figure the frequency distribution of gillrakers of adult whitefish caught

1954—59 is represented. Dotted line=Uddjaur, continuous line= Storavan. C. peled at
the top, C. lavaretus in the middle and C. pidschian at the bottom.

include between them a number of unclassified young (either peled or
lavaretus). This classification method can be tested against the gillrakers-
body length relation of lavaretus young that had been reared in ponds and
where offspring of well-identified parent fish (Fig. 4) .

9. Period Il, habitat

The existence of whitefish young of more than one species in the same
habitat is illustrated by Figs. 5—8. Single pidschian young are caught in
many of the successful hauls with the seine together with other species.
Catches from the district covered by Stations 52—71 contain both peled
and lavaretus young in 1954 and 1958. It is not shown that they existed in
one school, only that they existed within the region the small seine
could cover.
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C. pidschiart

Total length, mm.

Fig. 3B. The same material as in the left-hand part of Fig. 3 A. a=lower limit of C. peled,
b=upper limit of C. lavaretus.

C. lavciretus

Fig. 4. Total length and
. . number of gillrakers of
C. pidschiart young that had been
reared in ponds and
that were offspring of
well-identified parent
fish.
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Total length,m.m. Total length, m.m.

Figs. 5—8. Details from Fig. 3 B, different species at the same station. Limits a and b
have the same meaning as in Fig. 3 B.
Legend: Fig. 5. sample from Station 63, August 4, 1954

Fig. 6. 30, July 19, 1954
o Vi . . 57, July 23, 1954
™, . 20, July 24, 1954

" S . 63 October 10, 1954

No typical habitats for pidschian young have been found. The proportions
between adult pidschian and other species in Table 11 do not agree very
well with the proportions in Fig. 3.

10. Period 11, food

Methods. Before weighing, preserved material is washed in accordance with
a fixed scheme. Incomplete classification of stomach contents in insects and
plankton before weighing introduces a source of error. So also does counting
of individual food items, as only those are counted that are not too far
digested. If the two methods are used together the reliability of the results
is increased.

Consumption of food. The increase in the consumption of food is illustrated
in Table 8, but the data cannot be converted into amounts of fresh food.

Variation in feeding habits. The variation in feeding habits with place and
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ca a
COO o
A bfrk (olele)
Total length, mm. Total length, m.m.
Fig. 7.+ sample from station 56, July 23, 1958
X 71, August 7, 1958
Fig. 8. A ” " N 54, July 18, 1959

55, August 11, 1959

52, August 12, 1959
0 64, 66, August 16 and 17, 1959
[l 63, October 9, 1959

diurnal rhythm is illustrated by the food of lavaretus young in July 1954
(Figs. 9—10), and the diurnal rhythm is also illustrated by the food of peled
young in August 1959. Those young that were caught in daytime on July 24,
1954, and August 12, 1959, had relatively more insects in the stomach con-
tents than those caught in the evenings of July 19, 1954, and August 11,
1959. The diurnal rhythm can be observed in other ways too. Plankton was
found in the fore end of the stomachs of the young caught in the evenings
of July 23, 1954, and July 18 and August 11, 1959. In catches made at mid-
night on August 16 and 17, 1959, the young had insects in the fore end of
their stomachs. (In other respects the sample of July 18 forms an exception
from the general tendency, and in samples from period | the diurnal rhythm
is not manifest at all.)

The variation in feeding habits which can be referred to place and diurnal
rhythm is strong enough to disguise such variation between species as may
exist (Figs. 9 and 10).
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Table 11. Catches of adult whitefish

Gear _Station Date Numbers of
(Figs. 1 & 2) . . .
C. peled| C. pidschian C. lavaretus
Seine, mesh perimeter 29, 49—55 June and July, 51 28 _
120 mm 1955, 1957
Bait seine, mesh peri- Doljaure July 1958, 49 31 37
meter 59—65 mm Aug. 1959
Gill nets, mesh size
33—100 mm, stret-  Storavan July—Aug. 15 22 76
ched mesh 1957
Gill nets as specified Uddjaur Aug. 1957 26 30 45
above
Gill nets as specified Storavan July—Sept. 10 111 Not noted
above 1958

11. Period 11, growth

Effect of preservation When dealing with preserved material a correction
factor of 1.016 is used for formol-preserved and 1.01 for alchohol-preserved
fish to calculate the length of fresh fish (van Oosten 1929, Hire 1941).

Tearing of the caudal fin. For correction of total length when the caudal
fins are torn, the total length is checked against standard length on
undamaged specimens. In the length range 4—10 cm the total length approx-
imately equals 1.21 times the standard length minus 2 mm.

Gear selection. Observations referred to in Chapter 1 show that whitefish
young at certain stages can pass through the meshes of the seines. The mesh
selection of a seine is difficult to estimate, as it only works during the brief
final stage of a haule. If biassed, the mean length of a seine-caught sample
would be too high.

Back calculation. During the 1950s scale samples were taken laterally of
the midventral line of the whitefish, behind the pelvic fins. Scale radius —
body length relations for peled and lavaretus have been worked out with the
material presented in Table 12 and Fig. 11. Total fresh body length and
cranial scale radius of dried scales of average size enter the relations. In those
few cases when preserved material is used, body length is corrected as stated
above and the radius length of dried and formol-preserved scales is multiplied
by 1.05. The straight regression line for lavaretus is drawn in Fig. 11. For
peled the lower part of the graph is drawn freehand and the upper part is a
straight regression line. Values for young of 5 cm body length are also
presented in Fig. 11, as they increase the validity of the graph. Back calcu-
lation of length at the end of the first year is made with the graph in fixed
position. The scale interpretations imply that scale growth starts in July in
most years.

Back-calculated body length at the end of the first year is tabulated in
Table 13 by catch year and age group and in Fig. 12 a straight regression line

9
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columns) or insects (black columns) forming

Legend:

Bosmina

Polyphemus

Holopedium

Cyclops

more than half the stomach contents.

= 1

Heterocope

Diptera, pupae and imagines

Hemipera

Other insects etc.
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Fig. 10. Food of C. peled and lavaretus, particulars from the material presented in Fig. 9.

Mean number of different food items per stomach. In the left part (1954) only plankton

is represented though insects also existed in the food (cf. Table 8). Note: the log,
scales differ. Fig.text continued on p. 130.
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Table 12. Relation between total body length and anterior scale radius.
Catches from Lake Storavan 1954—1958 with seine, gill nets and “kakuami*‘.
i=mean total length, measured on fresh fish, cm.
s=mean length of anterior scale radius, measured on dried scales

of average size, taken latero-ventrally behind the pelvic fins,
nun., magnification 30V2 X.

c, lavaretus C. peled

Length group

n 1 s n | s

44 10.3 19.8 10 10.5 17.0
11 133 269 6 12.7 19.3
29 153 388 — — —
69 17.3 431 1 168 34

16 19.9 483 4 20.1 420
— — — 12 224 501
— — 12 25.1 66.4
— — — 17 276 805
— — — 32 30.0 895
— — — 26 324 949
— - — 31 34.8 1078
— — — 9 37.7 1351
— — 4 39.5 1455

is calculated for those means in Table 13 representing five or more specimens
in the series from catch years 1957 and 1958 (peled) and 1954, 1957 and
1958 (lavaretus).

Certain year classes are specially marked off in Fig. 12. The deviation
from the regression line indicates whether a year class had a bad or a good
growth during the first year of life, and the best estimate of the first-year
body length should lie in the vicinity of the intercept between the regression
line and the body-length axis, corrected upwards or downwards for the
individual year class.

According to this method, 1954 was a normal year and the first year length
of the 1954 year class is estimated at 10V2—11 cm for peled and 9V>—10
cm for lavaretus.

During 1959 the scale samples were taken midventrally as indicated by
Einsete (1943) and his relation for body length and scale radius is used for
back calculation (graph in fixed position). The first-year length of the 1953
and 1954 year classes acquires a slightly lower estimate with this method
(Fig. 11, Tab. 16, Fig. 12).

Observed length of young in October has been discussed above (error, if
any, an over-estimation, but then the growth is perhaps not quite completed
in October). Table 8 gives a length of 10 V2 cm for peled and 10 for lavaretus
in 1954.
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10 . 15 , 25
Total length, cm, L

Fig. 11. Total body length in cm and anterior scale radius magnified 30 Va X, mm.

Broken line: the relation according to Einsele.
Dotted line: C. lavaretus, lateroventral scales. s=3.26 L—14.2.

Continuous line: C. peled, lateroventral scales. s=5.56 L—77.6 for the straight regression
part.

Q the relation for a sample of young caught in July.

Table 13. Length of one-year-old whitefish young from Lakes Uddjaur and
Storavan, back-calculated from scales of older fish. Mean total length=L

number =n.

Species ....... C. peled C. lavaretus
Catch year... 1954 1955 1957 1958 1954 1955 1957 1958
" n v n nHin NN1p I n \% n h s‘ n " n
1+ .. 93 4 — — — — 107 6 100 4 90 25 102 2 — —
g 71+ .. - — — — 97 5 85 1 87 22 100 8 1100 8 96 7
m+ .. — — 8 i 95 2 101 22 95 15 — — 103 25 96 17
s IV+ .. - - 89 4 112 16 103 31 91 9 — — 97 52 95 26
v+ ... T 84 18 98 7 108 27 89 2 — — 96 27 96 23
M VMI+ .. - — 85 11 98 6 105 8 — — — — 90 8 90 s
® vil+ .. — — 98 3 86 9 106 100 — — — — — — 97 4
< vil+ .. — _ 98 3 78 2 86 7 — — — — — — — —
IX+ .. — — — — 106 4 95 3 — — — — - — 15 1
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Table 14. Back-calculated first-year length, variation between Lakes Udd-
jaur and Storavan (Cf. Table 16, catch after increased impoundment).
li=mean total length, n=number.

Species ... C. peled C. lavaretus

Catch, year... 1955 1954 1957

Lake Storavan Uddjaur Storavan Uddjaur Storavan Uddjaur
"""""" it n i | n ] n li | n I on li n

. W . 8.9 8 8.6 14 — — — —

«g HI+- 9.6 10 9.2 5 103 19 102 6

au  iv+... — — - - 9.7 28 9.8 24
V+... 83 7 8.5 11 — — - — 9.2 12 9.9 15
VIi+... 88 6 8.0 5

Mean ... 8.5 13 8.2 16 9.2 18 8.9 19 9.7 59 100 45

Table 15. Back-calculated first-year length of C. pelecl from Lake Storavan,
variation between estimates from different scales of the same fish. Fish
caught summer 1957 and (No. 13) Nov. 22, 1958.

i First year leng;th from estimate no:
Fish no Age

1 2 3 4 5
1 11+ 9 Vi 10 — — —
2 1+ 10 10 — —
3. vV + 10 10 Va — —
4 . V+ 9 Va 8 Va — — —
5 V+ 9 8 — — —
6 . VI-+ 9 9 Va — — —
7. VIl - 8 Vi 8 Va — — —
8 . VIl + 8 V4 9 Va — — —
9 . VIl + 8 10 — — —
10 e VIl + 8 Vi 9 — — —
11 IX + 9 Va 10 — — —
12 . IX+ 10 va 12 Va — — —
13 v+ 12 11 10.5 12 115

Table 16. Back-calculated first-year length of C. peled from Lakes Storavan
and Uddjaur. Scales from the midventral part, between the pelvics. Catch
year 1959. h =mean length, cm., n =number.

. Storavan
Lake Uddjaur Storavan +Uddjaur
li n i n I
— — 9.6 33 9.6
9.7 37 9.7 5 9.7
9.0 10 9.2 5 9.1
8.7 13 10.4 5 9.2
9.5 15 9.8 18 9.7
9.1 8 9.6 7 9.3
— — 9.1 12 9.1

— — 8.7 8 8.7



Jf M-+ T+ IV + vV + ~W+ ~Vl 14 Villd X+

Wem

r+ n+ nr+ ez> 3> i+ > nn>  ix+

aO 53
n-53

i+ 31+ m+ H+ ~V+ VI+ VI 1+ VIl + IX+
Age at capture

Fig. 12. Length of whitefish young at the end of the first year, back-calculation from

scales of older fish. C. peled at the top (scales taken lateroventrally) and in the middle

(scales taken midventrally). C. lavciretus at the bottom (lateroventral scales). 53 and 54
indicates the year classes 1953 and 1954.

Catch year is indicated according to the following legend:

X 1954 ¢ 1958
O 1955 A 1959
1 1957
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Month

Fig. 13. Growth of whitefish young during their first year and some observations from
their second summer. The growth curves for 1954 and 1955 are drawn freehand, continuous
line=C. peled, broken line=C. lavaretus.!

G. peled C. lavaretus!

o . Year class 1954 during 1954

X " . 1955 1955
(@) — ” ,» 1958 1958
© A " , 1959 1959
o) + Several year classes during t

1 In June and at the beginning of July: C. lavaretus+C. pidschian, cf. Chap. 4, identi-
fication.

Observations on the growth during the first year are presented in Fig. 13
together with some observations on the body length of whitefish during their
second summer.

The growth of older whitefish is calculated for the 1958 catch in Storavan
(Fig. 14). Method: Einsete’s relation of body length and scale radius, the
graph movable round the intercept with the body-length axis.

12. Ecological isolation and interaction between whitefish young
of different species

The material does not permit a full treatment of interaction and ecological
isolation between the young of the three whitefish species during winter.
Judging from the spawning places of the parent fish and from the behaviour
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Age, gears

u/\

Fig. 14. Growth of C. peled (at the top), C. pidschian (in the middle) and C. lavaretus
(at the bottom). Catch from Storavan in 1958.

of fry one can infer that, after hatching, the whitefish young appear in two
groups with different habitats and probably also different food. The groups
consist of C. peled and C. pidschian+lavaretus. The water that the hatching
fry enter can be in intense motion during the spring — the water of the
peled stream, of course, always is in this state — and the spreading resulting
from this motion and the movements of the young themselves overrule the
after effects of the choice of spawning places of the parent fish and new
patterns for ecological isolation and interaction is established. C. peled and
lavaretus now appear to a certain extent in the same habitat, and the
influence of habitat choice and diurnal rhythm cause such variation in the
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diet that it has not been possible to show any differences in feeding habits
between the young of those two whitefish species.

Interaction and ecological isolation between whitefish young of these
species has been discussed in a paper by Lindstrom & Nilsson in the Dur-
ham symposium 1960. It was commented that the most effective segregating
mechanisms were to be expected during the early stages when the size of
the populations are decided, but that the ecological isolation seemed more
difficult to reveal during these stages than with the adult fish. It is true that
the main isolating mechanism is likely to be differences in their ability to
escape predators in different situations, but as there is a very complex series
of events responsible for young fish mortality the isolating mechanism is
bound to be correspondingly complex. Finally it was remarked that the
measure of the similarity as regards choice of food and habitat of whitefish
young in Uddjaur and Storavan may be crude. Starting from experiences
of studies of adult fish and working with methods worked out therein, an
investigater of young fish ecology may be inclined to overlook small but
essential differences in the first year ecology.

13. Whitefish young and lake-level regulations

The main topic of the present paper is the life history of whitefish young
in lake reservoirs. For this purpose the problem of species identification
within the whitefish group (Ch. 4 and 8) is not equally important. There is
a substantial amount of knowledge about the effect of lake regulations but
the main predators on whitefish young are not even known with certainty.
Until further investigations have disclosed those predators and a closer ana-
lysis has shown differences in choice of food and habitats between the young
of different whitefish species, whitefish young can be treated as one heter-
ogeneous group.

Much of the material in Chaps. 3—6 has been obtained from Lake Uddjaur,
where the artificial changes in level fluctuations were slight up to 1957/1958,
or from the streams between the lakes. This material cannot be expected to
reveal any specific traits of a lake reservoir. Nor has it been possible to show
any clear differences during period Il between the three stages: Uddjaur
up to 1957/1958, Storavan after the old regulation and Storavan after the
increased damming in 1958 (with one possible exception, see next Chapter).
The material still permits some general conclusions about the effect of
lake regulations. Interest in the effect of a lake regulation is at present
ultimately centred on the effect on individual growth and population density,
Chaps. 14 and 15, and fish fauna composition.
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ihKiZilinnrnyahiile

Fig. 15. Water-level fluctuations in Uddjaur (continuous line) and Storavan (dotted line)
after the increased damming of Storavan and natural fluctuations in Storavan (reconstruc-
tion). Based on data from Skelleftedlvens Regleringsférening.

14. The “damming effect” and the first year growth

The most advanced results in Scandinavian fisheries investigations of
lake reservoirs are concerned with growth changes and changes in the food-
organism populations and feeding habits (for a recapitulation, cf. Niisson
1961). If fish young are in any way dependent on those food organisms that
react with an increase on the damming during the first years, they could
possibly show a better growth. Char young do not show such an increased
growth (Runnstrom 1951). It remains to investigate whether their food
habits differ from those of young whitefish in any essential way, and whether
the slight indications of a better growth of whitefish young in 1959 in Lake
Storavan can be connected with the increased damming (Fig. 13). The data
in Figs. 12 and 13 and Tables 17 and 18 suggest that the good growth in
1959 is not only a temperature effect.
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Table 17. Mean water temperature in the outflow from Storavan according
to SMHI (the Metereological and hydrological institute of Sweden).

=3 s
T 9
=
= © = <5 ] . So §

s 9 5 = 2 c > o o3 A 2 G S S

s 23 &3 2 3 2 & 8 £ 8 23 3=

1953 ____ 1308 16.23 1461 9.03 4.45 0.98 0.37 1322 -
1954 028 026 0.28 0.84 4.02 10.04 16.02 13.87 955 260 0.83 071 1237 10.79
1955 ... 0.14 0.79 0.65 0.83 250 6.93 14.10 14.22 10.09 2.93 0.63 0.92 11.44 957
1956 098 095 092 1.16 398 931 1530 1255 7.63 194 028 039 1120 9.75
1957 ~... 046 055 057 115 296 9.03 13.81 1419 849 195 042 039 1138 9.70
1958 .... 037 035 040 058 218 7.74 1270 1367 1050 3.73 0.36 0.19 1115 9.36
1959 021 024 039 094 508 10.86 1459 1390 743 352 040 046 11.70 10.37
1960 —__ 045 040 053 0.84 502 12.66 1560 1549 954 274 145 150 1332 11.66
1961 123 1.04 078 118 — — — — —_ - = = — —

The impoi'tance of temperature is evident from e.g. the retarded growth
in 1955 and 1958 when summer came late (Fig. 13 and Tables 17
and 18).

15. Size of year classes in a lake reservoir

Though fishing statistics from test fishing and from the fishermen around
the lakes have been gathered ever since the investigation on lake reservoirs
began, the methodical problems of this approach have not been satisfactorily
solved (discussed in the Swedish version). There is another approach to
population density: a study of young fish mortality.

The idea of a short critical stage with high mortality caused by one factor
-during the development of fish young is nowadays replaced by the idea of
a longer critical period with several operating mortality factors for pelagic
young of marine fish (Simpson 1956, Marr 1956, Bridger 1961, Pearcy
1962; the length of the period and the use of the word “period” is under
discussion). Investigations on freshwater young mortality are not easy to
summarize. There are many factors making a fish’s first year of life hazard-
ous (cf. Le Cren 1959). The pattern certainly is not the same in all lakes
and in all species. Both Montén (1949, pike) and Kramer & Smith (1962,
largemouth bass) report a short critical period, but the most important
mortality factor is predators in one case and temperature and wind in the
other. The examples of divergences could be multiplied.

Brett (1958) has described how several factors can cooperate in pro-
ducing a stress state. Predators belong to the group “discriminate, lethal
stresses” in his terminology unless they only act as a potential lethal stress
by chasing the fish young around without actually consuming the prey.
Ricker & Foerster (1948) point out that a rapid growth of fish young
means a decrease in the time during which the young are vulnerable to
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Table 18. Dates for the breaking up of ice and the formation of a new
ice-cover according to SMHI.

Storavan Uddjaur
1950 ... June 5 Nov. 9 May 30 Nov. 11
1951 ... June 9 Nov. 14 June 7 Nov. 11
1952 ... June 4 Oct. 20 May 31 Oct. 27
1953 ... May 28 Nov. 21 May 23 Nov. 16
1954 ... May 30 Oct. 25 May 31 Oct. 25
1955 ... June 16 Oct. 20 June 14 Oct. 29
1956 ......... June 4 Oct. 29 June 3 Oct. 30
1957 ... June 1 Nov. 2 June 1 Nov. 10
1958 ... June 14 Nov. 19 June 14 Nov. 19
1959 ... May 23 Oct. 29 May 17 Nov. 5
1960 ... May 30 Oct. 23 May 28 Oct. 25

predation. From the interaction between the young of whitefish species
(Lindstrom & Nilsson 1962) it was concluded that there is a rapid, optimal
growth during the first year in the sense of Ricker & Foerster. The critical
period, however, seems to be rather long — cf. Fig. 13. As often seems to be
the case, the presumed predators are not known with certainty in Lakes
Uddjaur and Storavan, and still less is known about the effect of the lake-
level regulation on these predators. From the exposition above it is obvious
that there is every reason to search for other mortality factors too.

The connection between degree of the winter draw down and size of the
year class has been studied in lake reservoirs in Scandinavia with the follow-
ing results. Runnstrom (1951) has shown that a maximal draw down in
winter did not result in smaller year classes of char in Lake Torrén than in
the years with a smaller draw down. In Lake Palsbufjorden, on the contrary,
very rich year classes of char come from years when the draw down did not
approach the maximal limit according to Aass (1960), but the winter draw
down of this lake ordinarily reaches the considerable value of 22—23 metres.
Such comparisons show what draw down is needed in order to give a smaller
year class as result in a lake that is already regulated, but they do not give
an estimate of the changes in the average year class size that follow the
lake-level regulation.

The present investigation has shown that whitefish young do not feed
only on plankton — as is sometimes postulated — and this applies both to
Uddjaur in 1954, before the lake level was distinctly influenced by the dam
of Lake Storavan below, and to Storavan before and after the increased
damming. Diptera, mainly pupae and imagines of chironomids, hymenopters
and hemipteres, mainly Aphididae, all of small size, are consumed. With such
a diet, a reduction of the bottom animals in the upper littoral zone where the
habitats of whitefish young are found may influence the mortality rate of the
young. Grimés (1961) has shown that such a reduction takes place when a
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lake is converted into a lake reservoir. It is not yet established whether the
species selected by the whitefish young in the present investigation are actually
reduced, but with the plasticity in feeding habits typical of whitefish young
any reduction of hatching insects of small size may affect the mortality of
the young. The periods is that of rapid growth during the first year and thus
a critical period according to Ricker & Foerster (1948). The possible effect
of a decrease in the food animal populations is not food shortage and starva-
tion in the old sense of these words, but a reduction of rich food animal
accumulations is likely to affect the number of whitefish young that can
grow fast enough to escape the effect of predators, whether these produce a
lethal or potentially lethal stress in the sense of Brett (1958).

Summary

Hatching time, length at hatching, growth, feeding habits and habitats of
whitefish young of the year in two lake reservoirs are described. Differences
between species are pointed out if observed; identification of species in
Chaps. 4 and 8.

Notes on behaviour on pp. 118 and 124.

The plasticity in feeding habits is considerable and the variation which
can be referred to place or diurnal rhythm is strong enough to disguise such
variation as may exist between species or between the studied lakes (with
different degree of lake-level regulation).

Variation between different estimates of length at the end of the first
growth year is studied. No difference in growth is as yet observed between
different lakes but the growth is retarded when summer comes late.

The effect of lake-level regulations is discussed.
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