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ABSTRACT

Age and growth characteristics of the burbot, Lota lota (Linnaeus), in Lake

Winnebago were described from a collection of 951 fish taken in fyke nets set under
the ice during winter netting operations from 1969 through 1971. Age determinations
were made from counts of the opaque zones on otoliths for 308 fisn. Resolution of
otolith zones, particularly with older individuals, was enhanced by staining otoliths
in a concentrated solution of fluorescein dye. Otolith margins were opaque and considered

ncomplete during the February collection period, and the degree of opaqueness varied
with age. The average growth in length of burbot from Lake Winnebago was below that
reported for burbot from large lakes in North America. The hypothesis that relatively
‘high summer water temperatures in this shallow, eutrophic lake may exert an influence
on differential seasonal growth would require more definitive work during the entire
year. All males were mature at age-group III; all females were mature at age-group IV.
The length-weight relationship for the population was described as log W = -5.3436 +
3.1031 log L where W = weight in grams and L & total length in millimeters.
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A subsample of 750 burbot collected in 1969-1970 was used for describ-
ing the length-weight relationship. Weights were recorded to the nearest
0.01 pound and later converted to grams.

For a second subsample of 308 burbot collected in 1970-1971, age wes
determined by examination of otoliths extracted with forceps after a large
pair of tin snips was used to make a median incision in the skull from the
tip of the snout to a pcint behind the eyes. Paired otoliths were removed
from each fish, but damaged or highly irregular otoliths that would preclude
accurate age determinations were discarded. Otoliths were stored dry in
small envelopes and examined within six months after removal. No signif-
icant deterioration of these otoliths was evident even after two years of
dry storage.

To determine age, otoliths were placed concave side up in a watch glass
containing water and examined under a binocular microscope at 10X magnifica-
tion, using a blackened tackgrcund on the stage and direct light reflected
from the concave surface. Age interpretations were based on duplicate counts
of opaque zones observed on the concave surface of the otoliths. Where
possible, paired otoliths were used. Resolution of otolith zones, partic-
ularly with older individuals, was enhanced by staining the otolith in a
concentrated solution of water-soluble fluorescein dye. The couplet of an
alternating clear and opague concentric band on an otolith represents one
year's growth (Martin 19L41). The number of opaque bands were regarded as
annuli, and ages were expressed in roman numerals. A fish assigned to age
III was considered to be at or near the end of its third growing season.

The limitations of this study were recognized, with particular reference
to the potential biases inherent to obtaining data from the spawning segment
of the population: (1) the segregation of the sexes that may occur, and (2)
the selectivity of mature individuals over immature individuals in the
population. Gear mesh selectivity was not considered to be limiting to the
capture of size classes available in the spawning aggregation. However, the
winter netting season is the only time of the year that the burbot is access-
able in sufficient numbers to make any assessment of the bioclogical character-
istics of the population.

OTOLITH ZONES AND GROWTH

Since this study was restricted to winter collections, the relationships
between patterns of growth and the formation of clear (hyaline) and opaque
zones could not be determined. Martin (1941), and Clemens (1951), Bailey
(1972), and Muth and Smith (1974) generally agree that the clear zone is formed
in early summer and continues through late fall (November) when opaque zone
formation begins. Bailey (1972) indicated that it is uncertain whether
growth of Lake Superior burbot stops during the formation of the opaque zone.

The margins of the otoliths used in this study were opaque in early
February, and these observations are consistent with otolith edge charac-
teristics for burbot in winter described in studies previously cited. The
degree of opaqueness on the otolith edge varied with age. Fish at age V and



wvater

-

sumie

ja}

1

ig
-

-,
growth.

winter

and

G

Q

1
=t
O
(28]
oo .
qaQ 12 o
D uo
R S
> m
@ - mm
0 £
@
T h) O
Mo N
a0 S b
oo
a > m
food o3
=
v oo
G n
4 1h]
a oo
= o d
el E
= Mw ~——
- (O]
S -~
@ F Gy
-11* LU O
ad o)
Hog o
0 O 42\0
G 1 B0
2\
Qb ™M
O g~
= 42
QO @M %
g 42 b0 O
3 ]
LU S )
el D
0 =
D -~ ad 5
1w
g O O~
o ot
QO E
N
Pl S
T2 .
o~
Gt - W
O - O o
[QVER ]
Lo BN BN
D uN o
4 e e
23 @A
e Iy o
0 .
N0
O L -l
Q) ~—"
<«
D Q) ﬁ
I \O i
£
J ot~ O
Q 2 el
0 o =t

Rel

«

-1

aw G+

OWT

-

o
5

e general

AGE AND GROWTH

years o

The

+ =
LI .

reasuremen

a

olit

ot

om

1)

G

ns

calculatio:

acxk



average length at each year for ages II through X was 269, 312, 361, L21,
505,546,584,592, and 622 mm (10.6, 12.3, 1k.2, 16.6, 19.9, 21.5, 23.0,
23.3, and 2L4.5 inches), respectively.

The average total lengths of each age group were compared to determine
the annual increment of growth. It is apparent that the greatest growth
occurs during the first and second years of life; L3.2 percent of the average
length at age X is attained during this growing periocd. The annual increment
of average lengths for ages III-X was 43, L9, 60, 84, 41, 38, 8, and 30 mm
(1.7, 1.9, 2.4, 3.3, 1.6, 1.5, 0.3, and 1.2 inches), respectively. Growth
steadily increased between the third and sixth growing seasons, and decreased
from the seventh through tenth. The relative decrease in growth increment
during the third and fourth years and subsequent increase between the fifth
and sixth years cannot be completely explained, but could be related to stages
of maturity and/or changes in food habits. Clemens (1951) found the growth
increment of Lake Erie burbot to decrease from the second to tenth year, and
observed relatively smaller growth increments during the third and fourth years.
The data from Lake Erie suggested that burbot show two types of growth, that
of immature and mature life stages.

The average growth in length of burbot from Lake Winnebago was below that
reported for burbot from Lake of the Woods (Muth and Smith 1974), Ocean Lake
(Miller 1970a), Boysen Reservoir (Miller 1970b), Lake Winnipeg and the
Mukutawa River (Hewson 1955), Lake Simcoe (McCrimmon and Devitt 1954), and Lake
Erie (Clemens 1951). Lake Winnebago burbot were faster growing than burbot
from Torrey Cresk {(Miller 1970a), Ring and Trail Lakes (Miller 1970b), Heming
Lake (Lawler 1963), The Susquehanna River (Robins and Deubler 1955), and Lake
Opeongo (Martin 19L41). Growth of Lake Winnebago burbot at ages II throug IV
was below that reported for fish from western Lake Superior (Bailey 1972) in
these age groups, but exceeded the growth of Lake Superior burbot from the
fifth through tenth years.

LENGTH-WEIGHT RELATION

The relationship between length and weight of burbot in prespawning
condition was based on a subsample of 750 mature fish (sexes combined)
grouped by 10 mm total length intervals (Fig. 3). The length-weight relation
of Lake Winnebago burbot is expressed by the regression:

Log W = -5.3436 + 3.1031 Log L
where W = weight in grams and L = total length in millimeters. The greatest

differences between calculated and observed weights were among fish in the
larger size groups for which sample size was small.

AGE AT MATURITY
The state of maturity for burbot for which age data were available showed

males to mature during their second and third year. All age II and III males
were mature at average lengths of 277 and 310 mm (10.9 and 12.2 inches),



ﬁ<J ~ s
- [ai] 4 .
i Ee . a oo 0] [
] O ol M R $q4 ™ [1}] 0 i
-~ . o | ™ o - -~ O LS . o] 4 o)
425, \O it 0O P N O & 4y [¢] t ot
O @ i o EENIN | 1S .IL O o el O «~t \O
O g FE2 I O~ L o o 4 Gt u ~
£y -1, QO e OO [\ = (U O O . m.\h a
3 af .- b ot i 0] n n \O %] & e
e T mi-—~ O o v o [$) [ I)] ] -rd 4 O
n oo ~ 1 42 om — . oong Y = g o £
[N} ISILA 4+ O Qf - 12 el o3 42 o -~ - €O
. Lo 31OV o ™M [ Fxa (] O e -1 \O £ L4
R Of o Q0 O Ql <1 [53] Ke] a0, [0 - W~
£ Sl < n~ o o £l £ n o [olNV] [¢] +2 3]
G4 £! - . o 5 > O - 10 © O 3
@] () 0O e (Ol ®) 0n el aj Kej Q O - o 3z O 13
. [ le ) — O N o Y ER] . [£8] > O Ke] Ko ol
42 G \NO .J - a O Q -~ | S i= Q .
o - O~ s Lol -1 Kol oN . (] o (VNN 4
~l o Ko T] 3 o® 42 o m Ko = O Q
(e} g QJ [} 0 ] - [ s n ~ & Gt D 42
QN o [(Ue 0 O G4 On 0 - .u = Q@
4 (6] Sod) Oft- O (ol &) Gt v - x
o] ~ (s Lo - I 0 (<3 ] RS =} R
[ | v . a M 0 [ . & O + LN 42 0 %]
m n ey G O 42 el ~ b [ ITaN 2 o - o e o
3 L | [l o} O 508 o0 [e] 0O ot Ko v [ Gt [y £4
it 12> o o« - R ) 54 4> - [y L Q O G-
B 0 3 oI =0 e 0w 0 fiq 30 14 -
[ ) O . o0 o 2 M 3 ~ O T O dJg O B (@] K [
[P s &) O O ~ o 9] »ow >
cal W el £ . . 4] - > & o - n x m o
na m 7o O 0 = - Sa0 @ kol S (0] O < 0]
=) <t x T L)) "m o ER NG (XN 3 © H g ke £ o]
== [0} a m a0y O O O N B ¥ 42 m -2 w by - @
<! 0. (SN RS O G D ~ mn o wn - 0] 1>
m_\_ D owm n - . i3] O &) . Gy G4 €3 o]
] o] n . -rd - (P N T . . o o o
E G o ~ M [SIN0) - N Lo Ke ()] | I - 2 Q O £
4 - O % w0 @ e Xb] n (0] EERN ) [s3e) O M Kelger D e+ G
i | P == 40 [eD ERIN )] X el o R 1 X 42 42 (@]
- . e By Ry O e G n & \0 o
\Xe} 12 J < wo - > o 51 o - e - Gy fy 0 - o
[ x . jo )] O U 3 6o - o1} Ko -0 (@] o o
r— o M 4D o ! o) < n O (U] fa et . T3 A et
\O S et a fry O G4 G © » 0O D M Lo~ B ¥ 42— £ o0 42
\O LO $4 £ el O O m -~ O K] oy nw Ql a o o
Rl . Kol €3] -, ko] et 1] ~ < e (o] 3
D ~ pel ~ Q o I = K —f [0S ] |
.- H )} (] [D3e} . m 2. 4 . —f e (0] SV} o]
—~ B Lo o Q ot a w wn m“ <1 e -t g << = <1 el >
= P S Et el < moo 1 o g d =
~ .- b0 H o 42 a O ' 0 - .
. a o oom |3 e} - B = Xy .o
e el - - = o 3 = o Kel . - ~ @ N O .
(@] FaNrs i e o™ Q 1 o .Q o dg & 3 - \O m \O hf 1
= (@)Y N6 \Q0 -~ ~ = t— 0 [ e ] E (@ o\ o -
I O\ $i Oy M N [ ON =t o o o ol — - — 0 o\
. —~ —l ”.._ T e nai 1 e~ 1 [r, i \O [T ¥ 0] a i
¢} L] [E af [ B J (VTN D LR £
. O Ay o3 . [ [ | - C e A o] o .o
N a O m Vit IS Q] (R Y] [ o o o -
-3 A Lo 211581 3 o [ o - s =
- - TN - o - O -~ - N N n 2 &
=oa . [ It | [ T d = [S IR Lo ~ g 4 D
(N0 ~ £l o - W £ £ © 0 o0y 24
~ Of- m 3 ~ 0 ~ £ OpNO ~ - ~a -~ O Wi O ~ @ o
-l ey 1~ £ ek S Eiodfed 1~ IR & o= = O M =
) @ e} a el ol 0} ~ [
e £ 0n 1 S -+ | K (3]
- W x x &} 1 ~— 3 -
@D G0 42 ) - ) - a o (9] a} o 3 £
$10 ab gl m O 5 | = 2 = = 0,




Robins, C. R. and E. V. Deubler, Jr. 1955. The life history and systematic
status of the burbot, Lota lota lacustris (Walbaum), in the Susquehanna
River system. N. Y. State Mus. and Sci. Serv., Circ. No. 39. L9 PP

Weber, J. J. 19T1. Winnebago's bonus cod. Wis. Conserv. Bull. 36 (6): 23.

ACKINOWLEDGMENT
This study was supported in part by funds supplied by the Federal Aid
to Fish Restoration Act under Dingell -Johnson project F-83-R.

About the Author. The author is a fishery research biologist stationed
at Oshkosh (Box 2565, Oshkosh Wi. 54901).

Edited by Susan Nehls.



120 <

NUMBER OF FISH

160

R

TOTAL LENGTH (inches)
15 20 25

140

100

80

(6}
B
|

40

20

—— | =both sexes (Né95!)
----- 2=males (N=549)
------ 3=females (N=402)

T |
200 300

i T a‘
400 500 6C0 700

TOTAL LENGTH (mm)

istribution of burvot from Lake Winnebag

~
&

3




e
W
(eh]
= st
(]
200 — - 20 &
E =
= (&)
~= 400 =
i 15 W
1(-5 P |
L
o
A O 8y <
&) ® Male O
= 5 o o
= S O Female E
5 200 - / K
[ =
! x
/ HEs
Josle o 2
/ Q.
/ <
0 e e e 0
I D ) R i, G e RS TSR G
AGE GROUP

FIGURE 2. Average length tc age relationship of 308 burbot from Lake
. Winnebago taken during winter prespawning periods, 1970-T1l. (General

growth curve fitted by inspection to average lengths of each age group --
sexes combined.)



{07 K-

S e

APPROXIMATE TOTAL LENGTH (inches)

10 i 20 £
7‘ O | 1 ! |

- 3000
60 -
. - 2500

4.0

30

WEIGHT (pounds)

20 ] °,

0= \ 1 ] I | O
200 300 400 500 600 700
TOTAL LENGTH (mm)

FIGURZ 3. Length-weight relationship of 750 mature burbot (sexss combined)
in Lake Winnsbago, Februsry 1969-70 (8clid dots indicate observed data
from which curve was calculated.)

List 2 + Opt., Bur. of
Area Supv.-10 ea., Dist. Dirs.-LM (1L5)-Rem.(5)
J. Weber-25, Park Naturalists, Fed. Aids

WEIGHT (g)




	Blank Page



