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ABSTRACT

Age arnd growth characteristics of the burbot, Lota lota {Linnasus}, in Lake
Winnebago were described from & collection of 951 fish taxen in fyke nets set under
the ice during winter netting operations from 1969 through 1971. Age determinations
were mads from counts of the opague zones on otoliths for 308 fish. Resoluticn of
otolith zones, particularly with older individuals, was enhanced by staining otoliths
a concentrated sclution of fluorescein dye. Otolith margins were opaque and considered
‘ncomplete during the February ccllection period, and the degrese of opagueness varied
with age. The average growth in length of burbot from Leke Winnsbago was pelow that
reported for burbot from large lakes in JNorth America. The hypothesis that relatively
high summer water temperatures in this shallow, eutrophic lake may exert an influence
on differential sessonal 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 relaticonship for fthe population was described as log W = =-5,3L436 +
3.1031 log L where W = welight in grams and L = fotal length in millimeters.
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A subsample of 750 burbot scted in 1969-1970 -

o
oll Wa,
ing the length-weight relationship. Weights were record
0.01 pound and later converted to grams.

For a cecond subsample of 308 burbot collected in 1970-1571, 2ge was
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 zge determinations were discarded. Otoliths were stored dry in
small envelopes and examined within six months after removal. UNo signif-
icant deterioration of these otoliths was evident even after two years of
dry storage.

e up in a watch glass
ore at 10X magnifica-
ect light reflected

n duplicate counts
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To determine age, otoliths were placed concave sid
containing water end examinsd under binocular nicrosc
tion, using a blackened btackgrcund o tage and dir
from the concave surface. Age inter ons were
of opagque
Dossivle,

ularly w1+
concentra
aluevnaTlp
year's gro
annuli, an

ITII was consi

bt
)
1]

[T B )
&)

4

ct
@
ct
|
o
o
[43]
(£
joR
= O

cencave surface of the ot
d otoliths were used. Resclution of otoll
er individuals, was enhance d by staining t
lution of water-scluble flucrescein dye. The
opague conceqtriﬂ band on an otolith rerx
Martin 1941). The number of ovague bands were r
s were expressed in roman numerals., A i i
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The limitations of this study wers recogrlzed with particular reference
to the potential biases inherent to obtaining data from the spawning segment
\

i
of the population: (1) the segregation of the sexes that may cccur, 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 burvot is access-

)

able in sufficient numbers to make any assessment of the biolcgical 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 describved in studies previously cited. The
degree of opagueness on the otolith edge veried with age. Fish at age V and



O e BV <G ocr By O 1 ow [ R et N ¢ IV Il | S N TS SIS S L R S R TN BY I & M e S O 7 SIS PE S N T SR S B S
[ e i A ® O W M ty by 3 s E\) ~ o3 OO TS N (RN S G SR (VLR G O O I ¢ I {a f\s G 1y b (b v O
W ® v o3 o ISl [ O =32 o o SRR SR S T ST BT PR G R ESR S U = S AN R I CER SR SO
=3 Moo F M vy 07 Y oY [NV C N C T U C TR = TR VI & S Yoy o ooy
oy {9 [/ N N S O I R B w Hoovte oy [ SR S - (b O 1 = w0
(SR CIN SRR G I @ N e B B s NN €) S RV u [3 3 (b U O (7R & VR N (RTINS S B SR S S = ¥ O - (RSN SENOANS STH
O cF vy = (v [e] [& S S | = ~ o [ NS I IS TN TR S SRR TS S GUNE VR SO N R N 6 (D ¥y (b~ pn D (b U 'Y
[l ] 14 0 T o R oo 1 . o~ 0 (- (I O T (R TR S S {003 er iy o vy oo g3
‘A ot O C (U RIS B S WS - 4 O o O et [ IR by I GV I £ o e ooch O {0 O cto(b
[CRNOTNAY o [ O Ay 2, O\ H 3O o) IS S NI AT S I O ko G [N R AR S
e T s S T O] |2+ 1 (D 'y (I [V 3 A T 6] W 1 O (pou vy, e O oy (D0 O o (L oo o w Ly
Y RO S F) [ =) [CEN UGS [ e O VR " ooF 3 ooy w iy o] {1 by 3ot
ct U4 g vy B LB N B Dy joy O W N ND e (b 32 O O b b (b of - o= O 3 - o
S NS V)] b3 R O I G IS B¢ I ) RS Ut (RGN & S N TR GRS S G TS S S ST () L) £ O py o O 3 O e
o O (m Yy i3 P —1 W O ok LIS S I (VR SN g B 3o b Yo Of (RS f: o’ = O 30 0O 1 cr
[ e SRS (VR ¢ S ] 1 [0} I O b oW [ O] e} o = w R M 300 o b O fu
o W = v cl g [ O 13 -1 0 [ e 13 D0 O 1y B el o (OIS T v Bl otk
D ok o O —3 [ SIS PR I I U] 0o -3 O 0 f: fo oy Loty ct ' ct W B o(p I, O« 3o
o [STRS S Y « 3O Fie 10y [ I € T S & B W [0} (OIS SIS BT S 4 e O =y b o
© 2 % (D [NOIG AN N 7} ) [y [SEES RGN O SR T S U TS L S S 3 S S S T R G (T e
3 P @ (oY) [ ok W - A O [C/N S PO | VI O R T [®] o {n ¢t Y NS (b b 3 (b
v 3 = O -5 0 Ny owm [ e e R 4 =t 3 e o o O of 1 =3 ot W -0 - w [(ES TR
o W D ke OO i3 (8] L € I - N0 O [T SN S L S VS B A R /R ¢ B L & PR HNOoo N R
o O 1S O H o o ky H I)j (8] (D BN IR O] [ LS T I VS S ctgu 1 o3 - (b e D (D
O MmO ot o [ SRS TR RN S S by ot 13 - o [ IR N 5o oyl . iy ’j O Qg ot [N SRS S EE
~un O m o M FHyuq oot s ok o o D ok 3 il M ct v iy ) TS T Y Nom oW Do ok £
(U= 5 SRS T 0 oo -0 O W ok D d I o' - 0g O 1ot by o3 O o O b 13 0 ok gt oy
O M op o' — o O oy R R ¢ I L = v O Y ot ook Gy lep o P o O EN HAI S| Do
1] 1= by O 9] [ I o« 4] —J b o o O - o vy - O(a (b & W O b g
= O 3 o s o w ¢t O 0 ck @} [ A 1] O E N A S S 2 30 B O oy [T NI Y nw O
[2 e ST I (e e F nw 0 {0 Y OrONY W (O ] o o v wg g 10 3 o = BN O cF - om
{i 2 [ [ IS T Y o F 5 v 5 I tiy t E T RO T e £ I G B ¢ O | A ™o O s o 3o
— ¢t » Ity o M 0 O N Y r = O 09 ¢t P (b 1 4y Vaj O By O w ctrgd Y ot O fu by e oy i <t
[OR ge S ST ) a0 w9 e o O n o3 0 28] oock oS O s O 3w O w o D ] W
ot O X 3] = E ct o 3 ot T [SRNE] &3] Sy O w00y Y g Y 2 1) S SR W vy
- m o £ [OIR O [ le w00y ) (b 3 G Ly LRI B 4 B S ) DO N O 0O o O
O ® L e w ;1» o S I S T TS S o 1210 O @ it [ o of g USHNCINUTIRCERE S 5 S o i TR I (VBT o B -y
O SR (1 B § VI TS = gu ot pom ow o O\ iy Houn N 1o O w0 Y o o o 3w R a1 Vo vy u i,
[V SR ORIV e o 13 [\ G! o0 tou 1y O . Lt [ O S OB EE RS S U ct m O by O 00
by B oo w o = o ON ek (D b b= (D C v (b k@ (100U O n b S QO b 3T O g
R o e S ] o O (O (R R e IS B E RS RS [ Now O om0 +3 s 200 m b
o oo o O oy T S I I ) (S I ) = R S G e S T A R L - e @ @ @ 3o b D0
O o [} (@] (b 1 ¥ ¢k O O oF H o oo S LY OO0y is e OO0 o3 = TSR S PR O R LIS S
2] ct v BN . 0@ O §3 iy 3t O 1 [T T S G 1 SRS SRR & S 0a ;) [ I+ O O 4= D
ct O 3 o= O o i3 “ W O o i3 [&))] sl SRRt/ B U 1 [ QO W ot O 1= 3 ok O
O O O <Ifuw oo o S TR S (O ty Y - Fy D ] (b ~e S T R G Mo Y { R o ;B3 I = I o
¢k of ) of f+ ct D b (D = b0 Y] o o o [AC I ER EC el iy O o o
O g kg ct &g oF L O g o NCIRE RNER £ » -1 2083 e (O e Sy 0 [T I 7] fae EMEREE RS iy O«
- < [ [ ct by LR A I R C G L U B 31 [ O 3 W b b O Lo s (b o P S S . Lo
e 3 e e O o ot oo Wik w -3 O <l e g T O M AL A "
ok B ® - @ Dok [T - 13w v DI N T B O B m ® b < <l oF : r kot b w (SRR
Doy bt ko0 o @© 3 o oo o it [ SR G R (VI SRS B S G S S 5 W & - 3ot poboo W
W <0 o F [SURES o -1 [SEN7 S Y AR O (7] w I I R [y ol - . 00 Qs w1
309 B2 1 3 IS e TR I R I ) -2 YA e [N\ VIR VI S 1V I S T SN (VA 4 SN o [ [®] 0
0 cr O b [ S S T T ( B o ML B S BT L B N o IR S SR NS R SR N by ek 000
AV N (VW) ) e O 50 oy ¢} [ T R § USRS VRSO VRR B (SR R B 1 S S 7‘, Co O m g O
wn »n v [ ol ot <k oofF I b 13 Oy~ O [ O S U S LI B & I S i S E (] RS S = T €V S e G S (VI
ot O ® 3 [y w oo Do [ S e A R S T8 [EEICRES B [T =4 09 &g T O £ 4t
O = O3 fuon % O [ O Ly w o Q- (D ctap 9 ks Gr - gDy TO b by (b b gD
® b o [ ct K- O ur 30N 00§ 0g ' M o f S et 0) o £k b Y b (D
3 oy = O [ S S ST S o’ 6 31} b o 0 SN S NLE TS B O Lo W o ook by g D ®
[ NS N N vy O ¥ ot O 0 '}! [ b S SR AV | VIS L T S S | e R S € R O S & W (1 B
B3k O e - ¢ O =W [{ e e 22 T U ) B O T S o-ds O 3 o (b tb o L ot h ot t3 Yy ~— U oo [OTLR
ot o = o [ SR S ST B IR} . Bt Y~ wogg O ok byt ot o8 oo () oy by o1y
[ S S o [S NS IO NN (o] py o2 (Do - by oy o o O - O SR S Soou O
. < O Fae [ e (NP S S BT 0 o ownm 2! [ e S SN (S O S TS M (VR 8% oW Fn B B O R N O I
hoqp % 3 o SIS SR TR (¢} ~d b (b o~z A TS S B 1 R GV (S VR S Sl Y ct 2.0 Iy H 3 0
r @ iy (b o [02) Eo S S R oo NIRRT I S PR SIS SR { SO ¢ BN O i b
PO e~ [N w ot b ord o (W8] cb W O ® o' @ i3 1w 0 W m it PR T L SR o
[ R I A A = BRSNS vyt by O N (o) ct O r‘: 81 51 15} 0 ot o O gy oo ot
4] poe vy B ct s o 3 W by 4T o’ O e b 13 (OIS VRS S S T ST ( Il uofrohy oy AN B
@ o S e Sl oA o IR C A U ® O - Yt oer 'R IR N TS S 6] =ty oo
o . W {0 2] | [ ur M (0 (1 ou b 0 OF N
[e N} (0} - e “q - (R 3 F g O f‘ [
e SN 0] [ e} 1 Ly [ S U3
. ry D Y [ ct (o}




average length at each year for ages II through X was 269, 312, 361, Lol
505,546,584 ,592, and 622 mm (1 0.6, 12.3, 1k.2, 16.6, 19.9, 21.5, 23.0
23.3, and 24.5 inches), resspectively.

o

hs of each age group were compared to determine
the annus T wth. It is apparent that the eatest growth
occurs during the first and second years of 1life; k3.2 cent of the average
length at age X is zttained during this growing perioc d The annual increment
of average lenguns for ages III-X was 43, L9, 6a, 84, 41, 38, 8, and 20 mm
(1.7, 1.9, 2.4, 3.3, 1.6, 1.5, 0.3, and 1.2 inches), respectively. Growth
steadily increased beltween 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 Te related to stages
of maturity and/or changes in food habits. Clemens (1951) found the growth
incremsnt of Lakes Zrie burbot to decrease from the sscond to tenth year, and
observed relatively SMaller growth increments during the third and fourth years.
The datz Trom Lake Irie ested that burbot show Two types of growth, that
of immature and mature 1i: tage

ar
o+
er

The average growth in length of burbot from Lake Winnebago was below that
reported for burbot from Leke of the Woods (Muth and Smith 197L), Ocean Lake
(Miller 1970z), Boysen Reservoir (Miller 1970b), Lake Winnipeg and the
Mukutaws River (Hewson 1955), Lake Simcoe (McCrimmon and Devitt 1954), and Lake
Erie (Clemens AQSl). Lake Winnebago burbot ware faster growing than burbot
from Torrey Cresk {(Miller 1970a), Ring and Trail Lakes (Miller 1970b), Heming
Lake (Lawler 1963), The Susquehanna Iiver {(Robins and Deubler 1955), and Lake
Opeongo (Martin 1941). Growth of Lake Winnebago burbot at ages II throug IV
was below that reported fo flSh from western Lake Superior (Bailey 1972) in
these zge groups, but excesded the growth of Lake Superior turbot from the
fifth through tenth years.

4 .02

H OU)

)

LENGTH-WEIGHT RELATICN

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

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),
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Winnebago taken during winter prespawning periods, 1970-T1l.

growth curve fitted by inspection to average lengths of each age group --

sexes combined.)

Average length to age relationship of 308 burbot from Lake

(General



Dist.:

- 10 =

APPROXIMATE TOTAL LENGTH (inches)

10 15 20 25
70 ‘ : : '
- 3000
60 -
- i 2500
50~
- - 2000
-
S 40
Q
2
= - 1500
2 30+
=
- 1000
20
10 - 500
0~ 2

| I |
200 300 400 500

TOTAL LENGTH (mm)

& 1
om whisn curve was calculated.)

List 2 + Opt., Bur. of Research
Area Supv.-10 ea., Dist. Dirs.-LM (15)-Rem. (5)
J. Weber-25, Park Naturalists, Fed. Aids

1
600

|
700

GURE 3. Length-weight relationship of 750 mature dburbot (sexes combined)
nnebagzo, Februery 1969-70. (Solid dots indicats observed data

WEIGHT (q)




