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Features in the Early Development of Bull Trout
(Sarver,nus contluentusl

Abstract
The ear ly  deve lopnent  o fbu l l  t rour  th rough the  absorp t ion  o f  the  yo lk  sac  uas  observed.  Bra in  subd i ! i s ions ,  op t i .  cups ,  aud i to r l
res ic les ,  son i les ,  pecrora l  f in  buds ,  o l fac to ry  p i ts ,  l i ve r  and opercu la r  open ings  had appeared by  167 Ce ls ius  temperaror .  un i ts
(CTU) .  Me lanophores  snd b lood had fo rmed L ,v  206 and 288 CTU,  respec t i re l r . ,4 t  443 CTU newly  ha tched f i sh  bad ra rs  in

the  ned ian  t ins .  A  gu la r  r idge  appeared a t  724 CTU and the  ro lk  sac  was absorbed ar  810 CTU.  Tbe eady  deve lopn.n t  o f

bu l l  l rou l  la rge ly  para l le led  those o f  o ther  spec ies  o f  Sa l re l inas  in  Nor th  Amer ica .  However ,  the  deve lopment  o f  bu l l  t rour  d i t -

fe red  f rom o ther  nembers  o f  the  genus in  the  order  o f  appearance o f  pec tora l  f in  buds  and melanophores  in  re la t ion  to  o ther

fea tures ,  the  f i xed  s ize  o f  o i l  g lo lu les  in  the  yo l l  sac ,  the  degree o f  dere lopment  o f  the  te l l ine  re in  cornp lex  dur ing  the  ern '
b ryon ic  s tage and tbe  presen.e  o f  a  gu la r  r idge  in  la rvae.  Ihc  gu la r  r idgc  is  appsrcn t lv  d iagnos t ic  fo r  bu l l  t rou l  la .vae and
proy ides  a  mcansof idcn ! i f y ing  the  la rue  o f th is  spec ies ,  Nh ich  { i l l  pern i r  the  ident i f i car ion  o fspawning  areas  and era lua t ions
of spawning success from ichthr-oplankton samples.

Introduction

Five species of SioL'elinas occur in North America
(Robins et al.  l9B0). The early development of
four of these, the lake trout (SaheLinus
namaycush\, Arctlc char (S. alpinas), brook trout
(5. fontinal is) (Balon 1980a, b, c) and Dolly
Varden (S. malma) (Blackett 1968) has been
described. This account presents the f irst report
on the appearance of features in the early
development of the remaining species, the bul l
trovt (5, conlluentlr.r)j a native of the north-

estern United States and Canada (Cavendcr,
r9?8).

Methods

Fert i l ized eggs rvere obtained by mixing the eggs
and sperm from one female and two male bul l
trout from Whale Creek, a tributary of the North
Fork ofthe Flathead River, Montana, on October
12, 1984. The eggs were then water-hardened,
transported to the Bozcman Fish Technology
Center, and reared in an incubation tray.

After organogenesis, random samples were
taken at 2-9 day intervals with most samples be-
i ng  co l l ec ted  a t  ?  da r  p ' . r i ods .  L i r "  spec im .ns
and material preserued in 10 percent formalin
from each sample were examined in transmitted
and ref lected l ight under a 7-30X dissecting
microscope. Some preserved specimens were also
t rea ted  h i t h  hema tox l l i n  and  o r  g l yce r i ne  p r i o r
to examination. Specimens taken before hatching

were termed embryos and those after hatching
were called larvae (Lagler el ol l9??). The total
lcngths rcported are for preserved fish.

Study specimens fiere held in an incubation
tray with a flow-through circulation of spring
water chil lcd in a Living Stream' Model BAL
l0?6 apparatus. Water temperatures in the in-
cubation tray rvere recorded on a Foxboro Modcl
l2R continuous temperature recorder. Celsius
temperature units (CTU) were calculated from
hourly temperatures on the thermograph charts
following the procedure of Leitritz and Lewis
(1976). Dissolved oxygen levels were measured
periodically by the Winkler method during the
incubation period.

Results

Bull  trout embryos and larvae were raised under
$ater temperatures that f luctuated from 4.5 -

8.0'C and dissolved oxygen levels of 7.5 - 8.0
mg/l.  The t ime and order o[ appearance of
featurcs noted under this regime are presented
in Table 1.

Sensory organs, muscle formation and brain
differentiation appeared early in the developmen-
tal process and before melanophore formation.
Circulatory and digestive systcm formation and

'Referencc to t radc names does noL consl i tute U.S. Gorern
ment endorsement o l  comrnercia l  products.
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TABLE l. The time and order of appearance oi featu.es in the ea.ly development of bulr trout.

Cunu la t i ve

Dat  Ce ls ius

after lempe.arure

fer t i l i za t ion  un i ts (CTU)

Arerage

Number  o f  to ta l

spec imens length

exan ined (mn) {p tparan.e  4 f  deve lnpmenra l  fea tures

t038 Vite l l ine membrane, yolk sac and blastoderm averaged 5.4,  5.0
and 1.7 nm in d iameler,  respecr ively (Fig.  l ) .

Forebrain, midbrain and t*o areas of hindbrain forned (fig. 2).
Opt ic cups { i th lenses and audi tory vesic le evident .  Soni tes pre$
ent in head and throughout body. Pectoral fin buds and liver for-
ning. 0lfactorr pits and opercular openings apparent.

Eyes *itb a fen nelanophores. Pharyngeal arches and anus visi-
b l F .  l  i t e l l i n "  t F * p l .  o n  h f r  . i d e  o l  l n l l  , a r  p r o m i n . r t .

Beating heart apparent. Lirer distinct and eyes densely pignented.
Nlouth open and vitelline rein formed weal loop on front of )olk

t r le lanophores scat tered on head but  in bands on body (Fig.3) .

Jaws forning and bi le shouing in h ind gut .  Blood obvious in dor '
sal  aorta,  posr-cardinal  vein,  heart  and blood is lands on yolk sac.
Vitelline loops on yolk sac not evident.

Melanophores on peritoneum. Blood moving through gill arches.
Vitelline vein on le{t side of yoll sac well developed.

Trunl flexing. Jaws noving sporadically. Melanophores scatrered
between lateral and dorsal bands ofnelanophores. Dorsal fin be-
ing set off in dorsal finfold. Basal porrion of anal fin rays fainll)
visible.

Opercular and pectoraj fin movements. Opercular openings anterior
to three gill arches and pelvic fins forning.

Some hatching. Caudal fin rays *ell defined. Basal portions of
dorsal  and anal  f in rays present.  0 i l  s lobules in yolk sac no larger
lhan 0.25 mm in d iameter.

Op.r .L la .or . -  s , l l  drc\F-.  Melanophors prsenr or  upppr jaw

Hatching nearly compiete. Diffuse spot on caudal fin. Pectoral
fin rays indistincl and anal {in being set off in finfold.

Distinct pectoral fin rals. Melanophores scallered along base of
dorsal linfold, dorsal area of yolk sac and cbin (Fig. 4). Opercula
and mouth opening and closing regularly. Swinming observed.

Concentrat ion ofm€lanophores on body near base ofcaudal  f in.

Notches in dorsal finfold identified localion of future adipose fin.
A few melanophores near adipose fin, around hea.t, on gill arches
and fleshy bases of pectoral {ins.

Pel c fin rays poofly defined. A fen melanophores present on pec-
loral fin nenbranes.

A nedian ridge p.ominent between the chin and isthmus (Fie.
5) .  Chronatophores present on anter ior  edge of  dofsal  f in.

Endogenous nater ia ls being excreted.

Finfold absent anterior 1o dorsal fin but present posteriorly. Ven-
lral finfold persisted anterior and posterior to pellic fins (Fig. 6).
Yol l  sac not  appa.ent .  F i rst  melanophores oD bel ly  appeared be'
heen pectoral fins. Pelvic and anal fins still without melanophores.
Pan marks appear ing.

26

206

5 .?

8.4

i.2

9.8

10.8

t2 . i

t2.6

14.7

15 .3

16.6

18 .5

19.?

2 t . 7

22.1,

23.2

23.8

23.9

33

40 215

288

68

47

55

6 l

i3

75

89

94

103

1 1 0

1 t ?

124

131

332

4 1 0

503

443

,t56

82

548

586

644

687

i24

767

810

li)

l 0

t0

1 0

l 0

9

9

Features in the Earlv Develooment of Bull Trout 265



i : .r l  ' '

Figxre l. f,nbryo at 38 CTU with l.? mn diam€rer Figure 3. f,mbryo at 2BB CTU with melanophores heavily con-
centrated in eyes, scattered on head and in bands
on the body.

tr. ,Y"

Figure 2. [mbryo at I67 CTU sho#nsb.ain, optic, auditory,
peetoral  f in  bud and "omite devFlopm.nr.

Figure 4. Larva at 5€ CTU showing dorsal and anal fin sites,
gular ridge and csudal blotch.

Could



Figure 5. Larva ar 724 CTU wirh close up of gular ridge.

Figure 6. Larva at 810 CTU with only small portions o{ dor
sal  and anal  f in fo ld!  renaining.
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f infold differentiation largely occurred following
melanophore appearance.

Discussion

The occurrence of specif ic events in the early
development of bul l  trout and Dollv !  arden can-
not be readi l)  compared to l ike events in the
development of other North American Salael lnus
on  a  l pmppra lu re  un i t  L ,a . i .  be .au . "  1h " . "  ' pe ,  i e .
' r ye re  rea red  unde r  f l uc tua t i ng  wa te r
temperatures. However, the order of appearance
of structures in salmonids raised under less than
eli treme environmental condit ions is relat ively
f ixed (Ballard 1973). Therefore, the developmen-
tal patterns of salmonids can be compared and
Balon (1980d) has done so for lake trout, Arct ic
char, brook trout and Doll ;  Varden

Comparison of the pattern of earl ,v develop-
ment of bul l  trout to those of other North
American Salrel izzs species indicates manv
similari t ics and a few dif fercnccs. In bul l  trout,
pectoral f in buds formed before melanophores,
heart beats, blood and vitel l ine veins were seen.
However, in lake trout thc pcctoral f in primor-
dia formed after the latter three features had ap-
peared. The oi l  giobule in the rolk sac of bul l
trout did not increase in size at the end of
cleavage as Balon ( l980b) reported for Arct ic
char. The vitel l ine vcin complcx in bul l  trout
developed strongly only on the left  side of the
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