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Age ar.d characteristics of the ourbot, Lata (L~nnaeus)> in ~ake 
TJir.neoa.go were desc:::-ioed :'rom a collection of 951 fish "Gaken in fyke nets set under 
the ice during winter netting operations from 1969 through Age determinations 
were made from counts of the opaque zones on otoliths for 308 fish. Resolution of 
otolith zones, particc:.larly with older individuals, was en..~ar..ced by staining otoliths 

•

. n a c?n?entrated solu;ion of fluoresc~in dye: ~Otolith ma:gins were opaque and co~s~dered 
ncomp..Le-ce dur the .r ebrua:::-y ccllect::t.on perloa, and the aegree of opaqueness van .. ea 

with age. The average growth in of burbot from Lake Winnebago was below 'Ghat 
for burbot from large lakes in North A..':lerica. The hypothesis that relatively 

high s~~er water tempera"Gures in this shallow, eutrophic lake may exert an influence 
on seasonal growth would requi:::-e more definitive work during the entire 
year. All males T,;ere mature at age-group III; all females were ::nature at age-group D1. 
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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INTRODUCTION 

or: the 
(~i~~ae~s', ~e~e cc~duc~ed d~~ing ?eb~ua~y :969, :910, and :97: ~= iesc~ibe 
::'r4-:: e..~e s~~-.i·::-:·.:...::."e s.::.·:. 673::::::--s....:.. g::--:J .. ,.,-c.~ 'J~ "":~:.is s:;:,ec:es :.::1 :c~:.e ~r':::-~:-.. e-~.>e.~0 . 

. - . 
:.~_2..::--:.:: 

.... la:er.s i:: :,i?i.s::2:::.S:'..:-2., :;:e::-·~_s.ps ~ecs.'...:se of i~s oOsc·ze, li~t2.e ;.:._--:c·wT~ 
~- ~ ~ .. ,.....,..;"' '·; ·-~r :::·r:J:-i~ ~"11'" /""~,-,7,-,) '.,.......-.,.... "'r"'C:.""""'O ....... -~,...:; ,-,...-., ~' .. ,c:, .-.--.. .-:-'Y",""',~......;...\.-, 
-.... .. .l.Cl 2,.:=.,_!_3.C)l_;.l·...~~~· ---~~--- . ./ \..:-';!,:;:::: ~J.C..o:l _....,.~ l.'._,·._u vl- ..~u,_ d..5C, 5-vr"f~:..:.) ::--e-
product: ion, e.nd : .... ood of t:'1e bur bot from the ~·;is cons in boun6.ary· '"yta te!"'s of 
Lake Su"SJeYior. 

The ot.l.!''oot is a'oundant and ',·tidely scattered in Lake ',·iinr:ebago, 
(Priege2_ 1967), and it rarL.'.:S third in the com.:nercial fishery (Priegel 
1971). In~ o!'lly ti::le bt:rbct e.~~ ca~c:1.able i:1 signi:~ican.t n;.l!:1be:-s is d~-

?escurces engage in ex~ensi?e be~esth-the-ice ~y~e ~e~tic~ ~f bur~o~ ss ;a~~ 
.::;f -c,:~2 ~"'is~ <~~r:t~·:)l :;:<r'~5~e.._~ 8:1 ~t''"e :a:--:e ~ ?:-c:J. :..961 t=:.rc 1.:gi :9--::, ~he -:.::;-:c.2. 
:-:2.:-~.'"es~ :):"' ~~.L:::-·~ · .. ;e.s :...:..j, ,952. 7 ~g ( 253, ~27 :_c). '~'"l..~ 3.:-:.::.i..:.:::.:. l-'.2.~-rres-:: :-a:t..6ed 
be~~ee~ 3,33~.~ acd 16,62~.2 ~g (7,351-36,650 lb) !he 7a~ia~icn re~lec~ei 
the fishing ef~cr~ ~tich is ie~er~ined by ~inter ice conditions en ~he :a~e. 

and is not recognized as a desirable food fish by winter s~ort anglers 
:ake ~innebago (~eber 1971). 

is ...:...e..-~es 

e.~.:.:i is -:r.:.e .::..s.~5es-:. :..~ .. 2.and le.}:e i~ ~·7isc::)r..s.::1. ·~is ~c:"J.gh2.J r~c:ar-.. 6;~-=-e.:::·-
s'c:2.~,e:d 2-::.~::; :-:e.s e.n a.::ee. o:.., 55,772 he .. ( l37, 702 e..c::""es) , :s ~5 :~~ ( 23 r:i2..es) 
l..-... ....... - ,...........,.,...:; ..: ...... l,.., l,.YV\ (.,n ·::: ,.....;~ . ..:::::. ....... ') .. ..;,-=i~ a'"-...:..:...._..... .. ~...:;.=l.S~ .,....,,.....,..;Y'I_ .-_,'_r_p -~a~~ '.r.R._:::.,.... 
-"-'~.:..5 , :::::. .... '--. ..;.....:) -/ .. ~~.!. .J..'V•./ -~--r...--\:1 'H..J..v.._ "-' .J...'..;-.":l 'N...L.''"""''-' '..J ::-v.J....~>-i• - r-... __ .._,::.. 

• .., ~ ,~ ~"" ) 1 ....., ~~~ _....,~) .............. .-...-. .-.i.::::;...,.....<"""',--:o.=:. --'ia ..:..'...-., -.-,C"'\ ,1 • 7 r1 (-,- 5 _....,+-) me..:(:.,:-.:.,·.,;_.";;. .:.ep--c-n o_ o.-,. _..~, \;:::::..L _ >.J c. .. la. o.. .... ;::..:r-.... .. ~ 5 --- --.·._.? .... -.:. .. '-'- -., ..• ,...:....)· .... v • 

t':-.r,_;'_l; 1 ~_·,.. •. ,~-:: :-)_~ .......... "'.ro !-::::Y"G'~ .,....;~r:=>r :::: ... ~'""+-.=.~~ __ t-·~eo 17?? -....."'7" (>0'7 Mi ... ~) l0n.- 7 0 ·/ ,_.__... ~- __ ~ vn ....., __ 
0

.._. __ ,_ ._,J;:, _, ___ .. .::;, .... .~...~.._ ..~.o: _ ·- .:.~ - 1 .l.l..-..J...,__, _-..~ .... o - -."-
?.i .. re~ e.:::.i -:r:e 347.6 :r..:J (2l.6 :nile) long itiolf Ri~:e:-- -- enters Lake ~;i:lr:..e8cg:J 
(?riegel 1969). 'The lake is e·1t~ophic, ar~d terr .. :9c·:--e..r:.:y s~~ati: ..... ies i.:: ~id-
s~z.:..::er d.~rir:g :9e~i.c;ds 0f :;;ea~-'C 02. 1-.:e-gree:J. e.lg.2.e ?~c<!.uc-:ior:.. Lcng -se~:::, ::.~re:-3.ge 

~7·l.~"":e-·:3e:Jte::.Oe~ -,..-e. te~ -::e:-~ue~s. t,...;res in th.= le.~-~:e ( 2.959-:..973) -.. ;e::-2 ·20. cc C .: 6E::) ? ) , 
r-_J ~ • _1, .,' ,..,, II 1 ?" ~ 1' .,..,, ? ) ..... ...., ,_.,- - ~ 0 r, ;: o" '; · .. , r • ..... , ----- , ,4/, _.:::..c:: , 1 _ c.. ..... ,__._----·/ ~-..~ , respec-::l~re..L:r. Y:.S.:(:_:r..::....":l ... ~ .. ~~::e .. ~'.J.res 
res.c:t:..::.g 25.6° C ( 78° ? ) e.::--e ccrn . .c::.o:1 du~ir:.g July e..:1d . .\U6t:.st. 

De'te!"::i::ations of e..ge, gro~..rth, ler:gtr.-... ,..reig~t, and r::a"t1..4:-i.ty w-ere mane on 
a total ~inter collection of 951 bu~bot. All fish were captured by 0.9 ~ 
( 3 ft) r'yke nets, with 38 r:tr:; ( l. 5 inch) stretch m.esh, set u!".det· the ice on 
reefs alo:1g tn.e i~est shore of Lake ~dir1nebago d.u . ..ring Feb:rt:.ary netting periods 
from. 1969 ~hrough 1971. 3uroot used in this study ~ere taken from a ranaom 
sa'"::ple c: ..... :(ish tha-: :;.a8. Oee~ placed 
frorn ~::e 

later converted to millimete~s. 
by· exs..:::'..~e.ti2:1 c.f ~r .. e gone..ci.s si:1ce t~e::--e 

te~istics dif~eren~iating sex. 

s ta. -:e of :::e..:.~.:..:-: ty 'rl'!~e~ e .:1 e~ er:;;.i r .. e j 
.. l'lere no ezte:-nai, C.i:r:.O:!:?hic: chs..!1 2.2-

• 

• 

• 
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A subsample of 750 burbot collected in 1969-1970 was used for describ­
ing the le~gth-weight relationship. ~eights were recorded to the nearest 
0. 0.1 pound and later corrve~ted to grams. 

For a second subsa':Iple of 308 bu.rt,ot collected in 2.970-1971, age wa.s 
deter~ined by exanination of otolit~s 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 point 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 re.lnoval. 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 •,rater and exa.rnined under a binocular r:J.icroscope at lOX magnifica­
tion, using a blackened background on the stage and direct light reflected 
from the concave surface. Age inte:t·pretations •,;ere based on duplicate co'mts 
of opaque zones observed on the ccncaYe surface of the otoliths. \·ihere 
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 opaque concentric band on an otolith represents one 
year's growth (Martin 1941). ':='he nlli~ber of opaque ban:ls were regarded as 
arnmli, and ages •trere expressed in roman c-nJ..lUerals. A :'ish assigr1ed to age 
III was considered to be at or near the end of its third growing season. 

The li..c11i tat ions of this stuC.y vere recognized, ~<i -:;h particular reference 
to the potential biases inherent to obtaiLing data fron the spm·rning seg:nent 
of the population: (l) the segregation of the sexes Ghat may occur, and (2) 
the selecti-rity of mature individuals over i.rmnature individuals in the 
population. Gear mesh selectivity was not considered to be limiting to the 
capture of size classes available in the spavr1i~~ aggregation. However, the 
•trinter netting season is the only tirae of the year that the buroot is access­
able in sufficient nur,oers to make any assessment of the biological character­
istics of the population. 

OTOLITH ZONES AI'ill 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 su.:J.Iner and continues through late fall (November) when opaque zone 
formation begins. Bailey (1972) indicated that it is uncertain whether 
grovth of Lake Superior burbot stops dclring the formation of the opaque zone. 

The margins of the otoliths used in this study 'trere opaque in early 
February, and these observations are consistent \orith otolith edge charac­
teristics for burbot in winter descrioed in studies previously cited. The 
degree of opaqueness on the otolith edge varied with age. Fish at age V and 
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average length at each year for ages II through X was 269, 3l2, 361, 421, 
505,546,584,592, and 622 wm (10.6, 12.3, 14.2, 16.6, 19.9, 21.5, 23.0, 
23.3, and 2u.5 inches), respectively. 

The average total lengths of each age group were compared to deter~~ne 
the annual increment of growth. It is apparent that the greatest growth 
occurs during the first and second years of life; 43.2 percent of the average 
length at age X is attained during this growing period. The annual increment 
of average lengths for ages III-X was 43, 49, 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 oe completely explained, out could 'oe related to stages 
of :naturity and/or changes in food habits. Clemens (1951) found the growth 
increment of Lake Erie ouroot 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 t·..ro ty--pes of growth, that 
of im.r:lature and r.lat'..lre life stages. 

The average grow-th in length of burbot from LaKe ',Vinnebago ·was below that 
repor-:ed for bur bot from Lake of the 'floods (Nuth and Smith 1974), Ocean Lake 
(Miller 1970a), Boysen Reservoir (Miller 1970b), Lake Winnipeg and the 
Mukuta,..ra River (He-r,,son 1955), Lake Si!ncoe ([vicCrim.'Ilon and Devitt 1954), and Lake 
Erie (Clemens 1951). Lake Winnebago burbot were faster growing than burbot 
from Torrey Creek (Miller 1970a), Ring and ~rail Lakes (Miller 1970b), Heming 
Lake (Lawler 1963), The Susquehanna ?iver (Robins and Deubler 1955), and Lake 
Opeongo (>lar-sin 19Lf1). Grm·rth of Lake Hinnebago bur bot at ae;es II throug IV 
was belo'r that reported for fish from western Lake Superior (Bailey 1972) in 
these age groups, but exceeded the growth of Lake Superior ourbot from the 
fifth through tenth years. 

LENGTH-1,-JEIGHT RELATION 

The relationship between length a~d weight of burbot in prespawning 
condition was based on a subsample of 750 ~at~re fish (sexes combined) 
grouped by 10 nm total length intervals (Fig. 3). The length-weight relation 
of Lake 'tiinneba.go ourbot 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 ~~ong fish in the 
larger size groups for which srunple 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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FIGURE 2 . Average length to age relationship of 308 burbot from Lake 
Winnebago taken during winter prespawning periods, 1970- 71 . (General 
growth curve fitted by inspection to average lengths of each age group 
sexes combined . ) 
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