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Introduction

We studied the early ontogeny of dolly varden charr by periodic examination of
artificially stripped eggs held in a hatchery throughout their period of incubation . Other
than this work, no references could be found concerning the embryonic development of
dolly varden charr. Most of the following information was extracted from an earlier
publication (Blackett 1968).

19.2

Material and methods

Eggs and sperm were obtained from anadromous dolly varden charr in Katlian River on
Baranof Island in southeastern Alaska . These gametes were activated on October 14 and
immediately shipped in jars filled with water to the Auke Creek hatchery in Juneau,
Alaska. The zygotes were transferred from the jars to wire mesh hatching trays in a
hatchery trough 4.5 h after activation. On January 12, after 89 days of development, ice
accumulation in the troughs necessitated transferring the eggs to culture jars in a heated
hatchery.
The methods of specimen preparation and examination were similar to those used by
Knight (1963) in his study of the embryology of rainbow trout (Salmo gairdneri). Egg
samples were fixed in a 5% formalin and 0.95% sodium chloride solution immediately
after collection. After fixation the egg membranes were removed with dissection forceps
and each egg was rinsed in tap water, stained for 30 to 60 seconds in stock Harris'
hematoxylin and rinsed again before examination. In the early developmental stages the
membranes were removed more easily afte'r 24 h of fixatipn. A fine pointed needle was
used to hold the egg while removing the membranes and during the staining process . The
eggs were examined under a binocular microscope and the stage of development
recorded. Some developmental stages were recorded and correlated with time, water
temperature, and temperature units to provide preliminary information on development
rate. The observations of developmental stages, time since egg activation, water
temperature, and temperature units (TU) are summarized in Table 1. Considerable
variation may exist in the use of temperature units to estimate time of development
(Leitritz 1959). However, when water temperatures cannot be kept constant the units do
provide a useful means of relating temperature and time to development. Major
embryonic stages are illustrated in Fig. 1-16.
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Tab le 1. Summary for embryonic de velopment of the anadromous dolly varden charr.
Observation
Water
time after egg temperature
activation
'"C
4.5 ho urs
5.8
8.0

Cumulative 1
temperature
units

Developmental stage 2
Blastodisc present, cell division not apparent.
Change not apparent.
Blastodisc becoming rounded and decreasing in dia-

8.3

meter.

10.5
12.8
14.8
16.5
18.8
22 .5
25.3
27.5
30.0
34.5
40.8
46.3

8

2 days

8.3

17

3

7.2

25

4
5

32
39

6

47

7

54

8

61

9

7.2

68

10

76

11

83

12
13

6.7
7.2

90
97

14
15

6.7

105
111

16

118

17
19

6.7

125
138

20

6 .1

144

22

5.6

156

23

5.0

161

24
26

171
3.9

180

First cell division observed in 2 out of 10 eggs .
Two cell stage. Cleavage complete in all eggs.
Change not apparent.
Four cell stage - second cleavage complete.
Beginning of third cleavage.
Eight cell stage .
Beginning of fourth cleavage.
Sixteen cell stage.
Beginning of fifth cleavage in few eggs only.
Thirty-two cell stage.
Sixiy-four cell stage .
Early epiboly. Average diameter of morula 1.1 mm
(range 1.0-1.2 mm) (n = 8).
Slight expansion of morula. Average diameter 1.2 mm
(range 1.2-1.3 mm) (n = 4).
Blastoderm diameter averages 1.3 mm (range 1.21.3 mm) (n = 4) .
Change not apparent .
Average blastoderm diameter 1.6 mm (range 1.41.7 mm) (n = 5).
A verage blastoderm diameter 1.9 mm (range 1.82. 2 mm) (n = 5). Mound forming at one edge.
Average blastoderm diameter 2.0 mm (range 2.02.1 mm) (n = 6). Epiboly more prominent.
Average blastoderm diameter 2.4 mm (range 2.02.5 mm) (n = 5). Germ ring visible.
Average blastoderm diameter 3.0 mm (range 2.83.0 mm) (n = 5). Embryonic shield anlage .
Average blastoderm diameter 3.9 mm (range 3.54.2 mm) (n = 5). Embryonic shield beginning to
enlarge .
Embryonic shield prominent. Germ ring has progressed
around the yolk and is greater than the yolk
diameter.
Neural plate beginning to develop.
Blastoderm covers about 3/4 yolk surface. Neural
plate prominent. Yolk plug evident.
Optic lobes beginning to form.
Forebrain, optic lobe s, cerebellum and medulla regions are becoming distinct. Blastopore appears
to be .closed.
Approximately 16 to 20 somites evident. Optic lobes
apparent. Neural plate distinct.
Change not apparent.
Approximately 30 to 40 somites are distinguishable .
Skull structure more prominent.
Embryo more distinct and slightly increased in width.
Somites not visible.
Caudal fin bud evident. Embryo approximately 4.7 mm
in length (n = 2).
Myomeres evident , embryo approximately 5.0 mm in
length (n = 4) .
Pectoral fin buds and gill anlagen are evident.
Formation of skeletal structures in skull distinct.
Pectoral fin buds more prominent. Embryo approximately 5.5 mm long (n = 4).
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Table 1 (continued)
Observation
Water
time after egg temperature
activation
°C
30

3.3

195

32
34

3.3
2.8

202
208

37

1

Cumulative 1
temperature
units

217

39

1.7

221

44-81

1.7-0.6

229-278

83

0.6

279

89
91

2.2

97

2.2

287
297

101
108

306

116

340

321

123
129

2.8
3.9

358
378

136

2.2

396

Developmental stage2
Opercle cover now evident, embryo approximately
6.5 mm in length (n = 2).
Embryo about 6.8 mm in length (n = 5).
Embryo about 7.2 mm in length (n = 5). Dorsal and
ventral fin folds are evident.
Embryo about 7.5 mm in length (n = 5). Eye
melanophores forming.
Embryo about 7.7 mm in length (n = 2). Eye
pigmentation more apparent.
Embryo increased in average length from 8.2 mm to
12.2 mm. Other changes were not apparent.
Some melanophores appearing on sides of embryo,
approximately 12.4 mm long (n = 2).
Embryos moved to heated hatchery.
Pigmentation darker. Dorsal and anal fins becoming
distinguishable. Embryo approximately 12.3 mm in
length (n = 2).
Fin rays evident in dorsal, anal and caudal fins.
Embryo approximately 13.5 mm long (n = 2).
Change not apparent.
Embryo completely encircles yolk. Pigmentation has
spread to the head region. Embryo approximately
13.8 mm in length (n = 2).
Embryo exceeds the yolk circumference and is now
about 14.7 mm long (n = 2).
Embryo approximately 15.4 mm long (n = 2).
Estimate that about 10% of the embryos have
hatched. Dorsal, anal, ventral and caudal fins
distinct, but not separate from the finfold.
Average length of hatched embryos 16.5 mm
(range 15.5-1 7.5) (n = 10).
Hatching of embryos completed. Pigmentation more
concentrated. Yolksac more elongated and the
fins beginning to separate from the fin fold.
Average length 18.9 mm (range 18.2-19.4) (n = 9).

Cumulative temperature units were computed from occasional spot water temperatures as well as on the days that samples were

taken.
2

All measurements of the embryo are total length in millimeters.

19. 3

Embryonic period

The presence of a flattened, unicellular blastodisc on the yolk surface was noticeable
between 4 and 8 h after activation. At 8 h the blastodisc began to increase in height and
decrease in diameter resulting in a gradua( rounding of the disc surface. The first cleavage
was completed at approximately 13 h after activation at a water temperature of 8.3°C
(Fig. 1). The disc continued to divide, each time doubling the number of blastomeres
(Fig. 2-6). The 64 cell stage was the last in which the cells could be counted. This stage
formed at about 41 h after activation at a water temperature of 8.3°C (Fig. 6).
Cell divisions continued beyond the 64 cell stage with the cells becoming smaller and
the blastoderm gradually flattening and spreading over the yolk surface. This process
began approximately 2 days after activation at a water temperature of 8.3°C and an
average blastoderm diameter of 1.1 mm (Fig. 7).
After 6 days (47 TU), when the blastoderm averaged 1.9 mm in diameter, a thickening
of the blastoderm at one edge indicated that gastrulation might be occurring (Fig. 8). The
germ ring was evident on the eighth day (61 TU) and by the eleventh day (83 TU) the
embryonic shield was prominent (Fig. 9, 10).
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Fig. 1. The two cell stage after the first cleavage at 12.8 h and 8.3°C.
Fig. 2. The four cell stage at 16.5 h and 8.3°C.

Fig. 3. The eight cell stage at 22 .5 h and 8.3°C.
Fig. 4. The 16 cell stage at 27 .5 hand 8.3°C.
Fig. 5. The 32 cell stage at 34.5 h and 8.3°C.
Fig. 6. The 64 cell stage at 40.8 h and 8.3°C.
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Fig. 7. Morula at 46.3 hand 8.3°C. Average blastoderm diameter is 1.1 mm .
Fig. 8. Expanded blastoderm showing thickening at one edge as the beginning of gastrulation at 6

days and 47 TU. Average blastoderm diameter is 1.9 mm.
9. Beginning of germ ring at 8 days and 61 TU.
10. Formation of the embryonic shield at 11 days and 83 TU.
11. Neural plate and yolkplug stage at 13 days and 97 TU.
12. Early formation of the optic lobes at 14 days and 105 TU.

Fig.
Fig.
Fig.
Fig.
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15

16

Fig. 13. Advanced development of the neural plate and optic lobes and beginning development of

body somites and brain regions at 16 days and 118 TU.
Fig. 14. Early formation of the pectoral fin buds at 24 days and 171 TU. Skull development is more

pronounced and the brain regions are apparent.
Fig. 15. Beginning of eye pigmentation when the embryo is about 7.5 mm in total length at 37 days

and 217 TU.
Fig. 16. Embryo at 81 days and 278 TU. At this stage the embryo is about 12 mm in total length and

encircles about 3/4 of the yolk.
Fig. 17. Embryo completely encircles the yolk at 108 days and 321 TU.
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Fig. 18. Recently hatched embryo at 129 days and 378 TU. The total length of the embryo is about
16.5 mm.

Fig. 19. Eleutheroembryo about seven days after hatching. The yolksac is decreased in size and
pigmentation is more concentrated. The embryo is now about 18.9 mm in total length.
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Fig. 20. Eleutheroembryo about 18 days after completion of hatching. Parr marks are readily visible.

Fig. 21. Alevin at 65 days after hatching. Absorption of the yolksac is nearly complete and the fins

have become more distinct.
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The germ ring began to progress around the yolk (Fig. 10) at 11 days and by the
thirteenth day (97 TU) the neural plate and yolk plug were formed (Fig. 11). Formation
of the optic lobe anlagen began at 14 days at 105 TU (Fig. 12). By the sixteenth day
(118 TU) the neural plate and the optic lobes had become more distinct and development
of the brain neuromeres and body somites had begun (Fig. 13). Body somites were
developed by 22 days and the myomeres were apparent at 23 days and 161 TU. The
pectoral fin buds appeared at 24 days (171 TU) and the forebrain, cerebellum, and
medulla regions had become distinct (Fig. 14). Eye pigmentation began when the embryo
was approximately 7 .5 mm in total length at 3 7 days (217 TU) after activation (Fig . 15).
The embryo increased in size and by 81 days after activation (278 TU) the average total
length was about 12 mm and the embryo encircled about 3/4 of the yolk (Fig. 16). At 108
days the embryo completely encircled the yolk at a length of about 13 to 14 mm (Fig. 17).

19.31

Hatching and the eleutheroembryonic phase

Hatching began at 129 days (378 TU) after activation . A sample of 10 recently hatched
eleutheroembryos (Fig. 18) averaged 16.5 mm (range 15.5 to 17.5 mm) in total length.
All of the embryos had hatched by 136 days and a sample of 9 eleutheroembryos
averaged 18.9 mm in total length and ranged from 18.2 to 19.4 mm (Fig. 19) . Nine days
later the average length of 9 eleutheroembryos was only about one millimeter greater
(range 18.7 to 20.0 mm). The parr markings were beginning to develop and the yolksac
was less distended than in the previous sample . About 18 days after completion of
hatching the parr marks were readily visible (Fig. 20).
A sample of 10 alevins examined 65 days after hatching ranged in length from 21.2 to
22.7 mm and averaged 22.0 mm . Absorption of the yolksac was nearly complete and
differentiation of the fins within the finfold was more distinct than in previous samples
(Fig. 21). Water temperature for the 65 day period ranged from 2.2 to 2.8°C.
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CHARRS: SALMON ID FISHES OF THE GENUS SALVELINUS is an anthology of reviews and original studies by the world's leading experts of current knowledge about
charrs. The evolution of charrs in many aspects parallels the evolution of man. The
charrs evolved from more specialized, planktonophagous ancestors of a warm climate,
into paedomorphic, less specialized, eternal juveniles, as did man from their pithecine
ancestors into neotenic hominids. The neotenic charrs were able to invade the most inhospitable
habitats; so were neotenic men.
Salmonid fishe s are the subject of more published work than any other fishes. This is influenced by the fact that salmonids share their environment with a group of hominids
that up to now have produced most of the world literature. It is certainly not a reflection
of the food or sport valµe of salmonids for the whole of mankind. But the significance of
charrs, as of many other organisms, may be in more than just their usefulness to man.
This book attempts to demonstrate this at least in part.
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