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ABSTRACT 

Fectors potentially Influencing the short-term survive! of stocked muskettunge tl~g~1 1n~· were 
assessed In a series of releases In 20 Wisconsin waters. Date of stocking, water temperature at time 
of stocking, and presence of predators appear to be major factors effecting survival. Survival was 
greater when fish were released late in the season in waters 6Q-65 F or cooler. Better survival was 
achieved in 4 waters with no predators than In 16 lakes with predators. 

Seven- to 9-lnch fish survived about 87% as well as 9- to 12-lnch fish, Indicating thet hatchery 
efforts could be reduced by not rearing fingerlings over 9 Inches. However , very ·small fingerl ings 
<2.3--lnch average) suftered almost complete mortality after stocking . 

Survival of muskellunge fingerlings was not affected by flncl lpplng, sedation, numbers stocked, or 
In-lake conditioning before release. There was no significant relationship between survival and t he 
biomass of forage fish or between survival and a number of physical-chemical factors. 

Recommendations for management Include: (I) discontinue stocking muskellunge In the 2- to 3-lnch 
range, <2> concentrate on rearing 7- to 9-lnch fish, <3> begin stocking In late August when 
temperatures are no warmer than 6Q-65 F, and (4) make any efforts possible to reduce stress from 
hand l ing and transport of fingerlings. 
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I NTROOUCT I ON 

Evaluation of Wisconsin's fingerling 
musket lunge <Esox masqulnon~~Mitchl II> 
stocking program during 195 9 .dlsclosed 
that average mortalities of 50-65~ --and as 
high as 96~ --occurred within 1-4 weeks 
after release (Johnson 1972). Despite these 
high losses, stocked fish comprised a high 
proportion of the numbers of muskellunge In 
the populations studied· That maintenance of 
muskellunge population levels was strongly 
dependent upon stocking was evident; It was 
also apparent that due to the high Initial 
mortalities of stocked fingerlings, the 
potential effectiveness of the stocking 
program was not being achieved. 

The objectives of this study were to 
determine factors which cause early mortality 
of stocked fInger I I ngs and to deve I op 
stocking methods for Increasing Initia l 
survival during the 1st 5 weeks after 
release• Attainment of the 2nd objective 
would be the equivalent of Increased hatchery 
production at no extra cost. 

During 1971-79, a series of 40 experimental 
musket lunge fingerling releases was made In 
20 waters In 7 northwestern Wisconsin 
countIes. ReI eases were made to eva I uate the 
comparative survival of: <I> fin-clipped and 
unmarked fish, (2) smal I and large fish 
within the size range normally stocked, 
(3) conditioned fish (confined to In-lake 
holding pens before re lease) and fish stocked 
In the routine manner, (4) sedated and normal 
fish and, (5) fish stocked at weedy and 
weed-free locations• In addition, trials 
were run to determine survival of small 
<2.3- lnch) fingerlings , and to determine the 
Influence of stocked flngerl lngs on predator 
movements and satiation of predators on 
survival. 

STUDY LAKES 

Eighteen smal I lakes and 2 rearing ponds 
located within and outside of the original 
musket lunge range were uti I lzed In this study 
<Ftg. 1) . They ranged from 9 to 263 acres 
and all but 5 were less than 100 acres In 
size <Append ix Table J), 

~HOOS 

PRESTOCKING SURVEYS 

Prestock I ng surveys of I ekes to be stocked In 
the fal I were made each year during June 
through August. Survey results were used to 
establIsh Indexes to abundance of predaceous 
fish spec ies, Iorge and small forage fish 
species, and aquatic vegetation. Total 
alka li nity determinations were also made at 
that time. 

Predators and large forage fishes were 
captured with 8 fyke nets. All fish caught 
were placed on a measuring board covered with 
a matt acetate sheet. The fIsh were pushed 
snugly to the head stop and the &eetate was 
punctured at the tIp of the ta I I to record 
the total length to the nearest o.t Inch. 
The frequency distribution resulting from a 
count of puncture marks was to be used for 
Petersen population estimates by size classes 
of the predator and forage fish populations 

1. Little Sand Lake 12. Derosier Lake 
2. Lund Lake 13. Harmon Lake 
3. Perch Lake 14. Leisure Lake 
4. Des Moines Lake 15. Mathews Lake 
5. Twtntv·Six Lake 16. Pear Lake 
6. Boot uke 17. Spooner Hatchery 
7. Clear Lake Pond No. 12 
8. Island Lake 18. Pulaski Lake 
9. Uttle Sand Lake 19. Crane·Chase Lake 

10. Lower Holly Lake 20. Bass Lake 
1 1. Sand Lake Rearing Pond 

FIGURE 1. Historic range of 
muskellunge In Wisconsin <shaded area> 
and the location of the lakes included 
In thl s study. 

present prior to stocking. For this purpose, 
fish caught during the 1-week marking period 
were given a temporary top toll clip. A 
bottom toll clip wos given during the 
recapture per I od I n the 2nd week. As the 
study developed, It wos apparent that It 
would not be possible to make 
population estimates because of Insufficient 
recaptures. Therefore, a predator f Ish I ndex 
and a forage fish Index were devised· 

The predator fish Index Included oil fish 
15 Inches and larger deemed to be capable of 
eatIng the stocked 11uske I I u nge f I nger II ngs. 
The size was based mainly on studies of what 
can be eoten by northern pIke (Johnson 
1969). Muskellunge, n<rthern pike, walleye, 
and largemouth bass were Included In this 
classification. <Later, I found a 12-lnch 
bullhead that had eaten a 9-lnch musket lunge 
and would have qualified as a predator•> All 
predator fish captured during netTing with 8 
f yke nets over a- to 24-hour per I ods pI us 
those captured d urI ng post-stock I ng I ake 
shOcker surveys <procechres ore described 
under €'osTtreatment Ana I yses> were added 
togethif fo gIve a fofi I niillber of predator 
flsh/equol unit of effort. This total number 
was divided by the lake ocreege to give 
relative numbers of predators/acre. 



Muskellunge fingerlings being 
harvested from hatchery rearing ponds 
Intended for stocking Into study lakes. 

Forage fishes which I considered to be of o 
size that could be eaten by the predator 
fishes were also considered as a unit. For 
example, alI panflsh, minnows, perch , etc., 
were considered to be edible size forage, 
based on data from Johnson <1969> . The total 

' number of potent I a I prey f Ish, based on equa I 
fyke netting effort, was used to obtain 
relative numbers of forage fish/acre. 

A measure of smal l forage fishes In the study 
lakes was obtai ned Just prior to muskellunge 
fingerling stocking with a 4- by 50- ft, 
3/16-lnch woven mesh seine, pulled para I lei 
to the shorel lne from a depth of 
approximately 4 ft and then beached on the 
shore. Fifteen to 20 seine hauls were made 
per lake In areas that were selnoble, each 
haul covering an area of approximate ly 2,500 
ftZ. All fish considered as edible size 
for muskellunge fingerlings (Johnson 1969) 
were weighed as a unit and converted to 
pounds of forage/acre seined · 

During the aquatic vegetation surveys, 
location and approximate size of weed beds 
which extended from the bottom to the surface 
were noted on ·field lake maps . Actual 
measurements of the areas were made from 
aerial photographs , but no species 
Identifications were mode· Potomogeton sp., 
~rlophyl fum sp•, Ceratophyl lum sp. , an~ 

lr~us sp . were the usual types of 
vege atlon recorded; however, pond II I les , 
Nuphar sp . and Ny~h8ea sp., were not 
Included becausene lr stems are too far 
apart to provide dense escape cover for 
muskellunge finger l ings. 

STOCKING TRIALS 

The primar y method of study consisted of 
stocking 2 groups of differentia l ly 
f In-c I I pped fInger I I ngs and then comparIng 
the number of each group recovered by the 
electroshocker within 14-39 days after 
release. When no significant differences In 
reoovery were found between the 2 
experimental groups, recapture data for both 
were combined t o make a Petersen-type 
estimate of the survivi ng f ingerlings. 
Survi val figures were corre lated with various 
environmental parameters measured dur ing the 
cour se of this s tudy or already aval fable. 

. -·- --- -·---·--------·---- ...... -....... ~· 

One of the 4 fins (here a right 
pectoral> was clipped from muskellunge 
fingerl Jngs to designate an 
experimental treatment . 

Except those pertaining to predator movement 
and to survival of 2.3-Jnch finger I lngs, each 
stocking trial Involved the release of 2 
groups <approximately equal numbers> of 
muskellunge fingerlings at the same time In 
the same water, thus permitting the use of 2 
by 2 Chi -square evaluatiOn• Each group was 
differentially fin -clipped for subsequent 
recognition and, except where size difference 
was the factor being evaluated , each was of 
the seme length range. 

Flncllpplng 

F I n-cl I pped muske I I unge were stocked In a II 
lakes and ponds and unmarked muskellunge were 
stocked only In lakes where It had been 
demonstrated by my netting surveys that there 
was no natural muskellunge reproduction (6 
waters, 8 trials) . Six- to 12-lnch 
fingerl lngs were marked by flncllpplng. 
Either a single pelvic or pectoral fin was 
clipped and all lots were held overnight to 
el lmlnate Immedi ate hand! lng mortality as a 
factor . Marked and unmarked fish were 
stocked In the same I ake at the same time as 
were paired lots of differentially clipped 
fish· The fish were stocked In lakes 
containing predators and In ponds containing 
no predators. 

F Inger I I ng S I ze 

Small flngerl Jngs. Seven lakes (7 trials> 
were selected for a short-term survival study 
of 2·3- lnch unmarked muskellunge. These 
lakes ranged In size from 45 to 263 acres and 
had no natural musket lung~ reproduct ion. A 
grand total of 26,183 hand-counted 2·3-lnch 
flnger l lngs were stocked during the 2nd week 
of June during the 2 study years (1976-77). 
In these same lakes fin-clipped finger! lngs 
averaging 9.5 Inches In length (total of 
2,850) were released approximate ly 2·5 months 
later <mid-August>• The stocking rates 
varied, with 8- 31/acre for 2·3- lnch 
fingerlings and 2-3/acre for the 9.5-inch 
flngerl lngs. Fish recaptures were made 
dur ing September and October when each group 
was near the same size and equally vu lnerable 
to the co l lecti ng gear• 

Large Flngerl lngs . Individual lots of large 
fingerlings were oivided at the approximate 3 
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mid-point Into 2 size renges end 
differentially fln-cl lpped. The lengths of 
the 2 size groups verled within the 20 trials 
In 13 waters, dependent upon the total size 
range of flngerl lngs available at the time· 
The upper limit of the lower size range was 
as large as 11.0 Inches and the lower limit 
of the upper range was as small as 8·5 Inches 
within the extreme limits of 5.9 and 13.0 
1 nches• The average sIzes of the sma I I er and 
larger groups were 7.5-9.5 and 9.7-11.7 
Inches, respectively. 

All finger! lngs were measured to the nearest 
0·1 Inch total length before stocking. Both 
sma I I and I ar ge sIzes were stocked on the 
same day, usually within I hour of each 
other • Stocking rates were 2-3 
fingerlings/acre• The fish were not marked 
In 3 of the trials where the absence of 
natural reproduction had been clearly 
established· 

Conditioning 

Nylon netting holding pens were employed In 
10 lakes (15 trlalsl to confine 6- to 12-lnch 
finger! lngs prior to release to determine If 
stress due to harvest from the rearing pond, 
flncl lpplng , and hauling was a factor In 
survival. The s ize of the pen was 5 by 9 by 
4 ft deep , except that for 2 years In I lake, 
a larger pen 12 by 38 by 4 ft deep was used. 
After 48 hours, with 100% survival, these 
fish were released by dropping the side of 
the pen; at the some time, a comparable lot 
of differentially f ln-cl lpped fingerlings In 
the same size range was released In the usual 
manner directly Into the lake from a fish 
distribution tank• 

Sedation 

Salt. Muskellunge finger! lngs were held In a 
~salt solution (NaCil , I group for 24 
hours and another group for 36 hours from the 
time of harvest from rearing ponds, Including 
the hauling time to release In Boot Lake• An 
additional lot exposed for 2 hours In a 0.6% 
solution of salt was also released In Little 
Sand Lake, Barron Co· Equal numbers of 
differentially marked nontreated muskellunge 
fingerlings In the same size range were 
stocked In the lakes at the same time· 

Anesthesia. Quinaldine sulfate, provided for 
exper imental use by the National Fishery 
Research Laboratory, La Crosse, was used to 
slow the usual rapid muskellunge flngerl lng 
dispersal that occurs Immediately after 
stocking. Finger! lngs were submersed for 1.5 
hours In water containing either 10 mg/1 or 
15 mg/1 quinaldine sul fate. All survived 
through transport and release Into the 
lakes• One half of each stocking quote, In 
the same size range and differentially 
marked, was stocked without anesthesia at the 
seme time. Two trials were made at each 
concentration. Observations on behavior of 
the fingerlings upon recovery from the 
anesthesia and dispersal from the shoreline 
waters were made with binoculars from a 
distance of 75-100 ft, so as not to disturb 
the fish· 

Satiation of Predators 

Under the preml se that hungry predators were 
a cause of high e,ar l y morta llty of stocked 
muskellunge flngerl lngs, a single trial of p 
release of 200 9- to IQ-Inch fingerlings was 

made 24 hours after a similar release In the 
expectatTon that the 1st release would 
satiate the predators. No prestudles were 
made to determIne how many predators were 
present. 

Stocking Location 

Releases of differentially marked 6- to 
12-lnch fingerlings were made at aquatic 
vegetation-free public landings and In dense 
vegetation areas In 2 lakes (2 trials). 
Quotes for each location were stocked within 
an hour• 

Date and Temperature at Stocking 

The date of each stockIng was recorded and 
the water temperature at the stocking site 
was measured with a mercury thermcmeter 
accurate to within 1/2 F. 

Predator and Panflsh Movement 

The procedure consisted of fyke netting In 7 
lakes <II trials> for 2 days before stocking 
muskellunge fingerlings, and flncllpplng and 
counting a ll fish caught at each of 8 net 
sites distributed equidistant around the 
lake· After this Initial netting period, 
fin-clipped muskellunge fingerlings were 
stocked In a nylon holding net located near I 
of the tyke nets, end held for a period of 2 
days. After the stocking, the fish catch at 
the perimeter of the lake was recorded for an 
additional 2 days. Chi-square and Fisher's 
Exact Probabl llty Test were used to determine 
If there were significant differences between 
fish distributions near the holding net vs. 
away from it, before and after the stocking. 

POSTTREATMENT ANALYSES 

Recapture of the stocked 6- to 12-lnch fish 
was made within 14-39 days after release by 
use of a boot-mounted electroshocker powered 
by a 3 phase, 230 volt A.c. generator. 
Voltage and amperage was adjusted with a 
power transformer for best efficiency, or set 
In relation to the resistivity of the water. 
Electroflshlng was conducted at night with 
the aid of above-water floodlights. In those 
trials where 2· 3-lnch fingerlings had been 
stocked 2.5 months previously, recapture was 
made at the same time as that of the larger 
fingerlings. 

Captured fInger I I ngs were measured from 
puncture marks made on e matt acetate sheet 
e~nd the top of ta II was c II pped for the mark 
period and bottcm of tall for the recapture 
period· Flngerl lngs were quickly measured, 
marked, and released along the shoreline 
close to the location where they were found. 

Six to 8 shorel lne circuits around the 
perimeter of eoch I eke were made over a :5- to 
5-nlght marking period• The 1st run was 
recorded separately In every case. 
Recaptures were made over a l ike period. 
Capture success often dec II ned wIth 
successive circuits of the lake and this 
necessitated the skipping of I or more nights 
of electroflshlng to allow for return of the 
f I ngerl I ngs to the shore II ne• 

As stated before, approximately equal numbers 
of differentially marked muskellunge 
fingerlings were stocked In the same lake at 
the same time. Chi-square was used as the 



test to determine if recoveries in a lake 
<based on direct collections only, not 
population estimates> Indicated a statistical 
difference In the comparative 
recoverles/nonrecoverles between groups. 
. Chi-square values over 3·84 Indicated a 
significant difference at P <o.o5 In these 2 
by 2 tests. Often an over~ I test was made 
using the summed trials. When such a test Is 
Inconclusive, some of the Individual stocking 
trial tests should be viewed very 
cautiously. Where differences occur, these 
Individual trials may truly reflect 
slgnitlcant survival differences, but it is 
possible the result may also reflect varying 
efficiency of the recovery process. This 
would be particularly true of those tests 
Involving different groups of fish that 
cannot be closely matched as for size groups 
(where behavior and gear selectivity may be 
factors) or for association with vegetation. 
Allusion to this problem Is made in the 
Discussion section when appropriate• 

If no significant differences In recoveries 
were found, the data for each paired release 
were combined to make a Petersen-type 
<Bailey's modification> population estimate 
<Ricker 1975). Ninety-five percent 
confidence limits were read from Clopper and 
Pearson tables• 

These population estimates of muskellunge 
finger! ings in each lake were used to derive 
survival data for correlation with various 
parameters of the lakes, measured during both 
the pre- and post-stocking studies. Least 
squares calculations of r were used to 
evaluate significance or-nonslgnlficance of 
these survival data. Scatter plots were 
prepared for these relationships whether of 
acceptable statistical significance level or 
not, in order to assist in visual lzlng 

dispersion of values. Ccmparlsons found to 
be statistically significant are Illustrated 
In text figures <Figs. 2-6>; comparisons made 
but found to be nonsignificant are shown In 
figures In the Appendix <Appendix Figs • 
1-11). 

Correlation coefficients were calculated for 
log-transformed values for percent survival 
and are stated on those plots Illustrating 
statistically significant differences. 
Fitted I lnes, drawn from untransformed 
values, are only Included when r had a value 
of 0.49 or higher. In all case!i r calculated 
by both methods fell In the same sf gn If I cance 
range and these P values are given for Figs. 
2-6. -

RESULTS 

C(}lTROLLABLE FACTORS 

Fine! lpplng 

The comparative survival of fin-clipped and 
unmarked 6- to 12-lnch muskellunge 
flngerl lngs was determined from 8 trials In 6 
waters -- 4 lakes and 2 rearing ponds. 
Recapture by electroflshing In the lakes and 
by drainage of the rearing ponds Indicated no 
significant difference In the short-term 
survival of the paired lots; fin-clipped 
finger! lngs survived as well as unmarked 
fingerlings over periods of 14-39 days 
<Table ll. 

Survival rates were calculated for paired 
lots In the rearing pond trials where 
drainage of the ponds permitted high recovery 
of survivors. Although the ponds contained 
no predator fish species capable of eating 
the muskellunge fingerlings, mortalities 

TABLE I· Comparative survival of stocked 6- to 12-inch fin-clipped and unmarked 
muskellunge fingerlings over periods of 14-39 days after release in fall, 1974-75. the 

Lake and No. Days No. Stocked No· Recaptured 
Year Stocked At Large Fln-cl ippea Onmarl<:ea FIn-ell ppea OnmarJ<:ea Chi-square 

Leisure 
1974 14 143 147 48 56 Oo46 
1975 34 150 150 47 38 1.05 

Little Sand 
<Barron Co.) 

1975 24 200 200 81 75 o.26 

Lower Holly 
1975 33 100 100 30 35 0·36 

Pear 
1974 14 112 114 50 48 o.o6 
1975 27 102 100 39 39 o.oo 

Sand Lake Rear I ng Pond 
1974 21 48 49 33 28 Oe95 

Spooner Hatchery Pond 
No. 12 

1975 39 53 50 42 46 2·42 

All 14-39 908 910 370 365 o.oa 

5 



TABLE 2• Comp~r~tlve survival of 6- to 12-lnch differentially fin-clipped 
muskellunge flngerl lngs over periods of 19-34 d~ys ~fter release In the 
fall, 1971-74· 

No. Days No. Stocked* No. Reca~tured 
Lake At Large RP CP RV CV RP CP V tV Chi-square 

Bass 
1973 28 127 115 25 32 I. 79 

II II 70 102 15 23 o.oo 
II II 115 102 32 23 0.48 
II " 127 102 25 23 0·13 
II II 115 70 32 15 0.63 
II " 127 70 25 15 0.01 

Boot 
1971 21 202 194 76 85 1.33 
1972 29 163 196 53 59 Ool4 

II II 92 59 24 14 0.02 
II II 196 92 59 24 o.32 
II II 163 59 53 14 I .20 
II II 196 59 59 14 Oo62 
II " 163 92 53 24 o.87 

Clear 
1972 26 143 147 56 52 Oo30 

II " 72 76 26 25 o.o6 
" II 147 72 52 26 o.oo 
II " 143 76 56 25 o.59 
II II 147 76 52 25 o.o5 
" " 143 72 56 26 o.o8 

1973 19 155 178 48 77 4.83 
" " 178 38 77 9 4.22 
" " 155 38 48 9 Oo47 
" II 155 13 48 6 o.67 
" II 178 13 77 6 o.o1 
II II 38 13 9 6 1.40 

1974 " 170 164 74 57 2.34 
II " 164 31 57 II 0·02 
" " 170 25 74 8 o.76 
II II 25 31 8 II o.oo 
II II 170 31 74 II 0.40 
" II 164 25 57 8 o.oo 

Cr!!ne-Chase 
1971 34 245 245 103 91 1.03 
1972 33 155 188 29 34 o.oo 

II II 155 69 29 13 o.o3 
" " 188 72 34 10 o.39 
" " 155 72 29 10 0.50 
" " 188 69 34 13 o.oo 
II II 69. 72 13 10 0·32 

1973 26 109 188 31 58 o.o9 
" " 109 91 31 27 o.oo 
II II 188 29 58 8 o.o2 
" " 109 29 31 8 0·02 
II II 91 29 27 8 o.oo 
II II 188 91 58 27 o.oo ~ 

Island ~ 
J 1972 28 165 40 74 16 0.14 ' 

" II 44 40 14 16 o.31 
" II 165 44 74 14 I .91 
II II 158 40 56 16 0.12 
" " 158 165 56 74 2·59 
II " 158 44 56 14 0·07 

*Fin clip designations: RP =right pectoral, LP = left pectoral, RV =right 
ventral (pelvic), and LV~ left ventral <pelvic). 
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TASLE 2· ContInued. 

No. Days No. Stocked* No. Recaptured 
Lake At Large RP CP R9 [9 RP CP R9 C'1 Chi-square 

Little Sand <Barron Co·) 
1973 33 99 199 28 51 Q.l2 

II II 99 100 28 20 1.44 
II II 99 23 28 6 o.oo 
II II 199 100 51 20 Q.87 
II II 199 23 51 6 Q.04 
II II 100 23 20 6 Q.t3 

1974 19 163 168 73 88 I ·62 
II II 168 28 88 18 Q.93 
II II 163 37 73 15 Q.08 
II II 168' 37 88 15 1.26 
II II 163 28 73 18 2.90 
II II 37 28 15 18 2.71 

Little S21nd <Sawyer Co· l 
1973 26 173 21 58 6.03 

II II 76 21 21 3·69 
11 II 107 21 29 3.72 
II II 76 173 21 58 Q.60 
II II 173 107 58 29 Q.99 
II II 76 107 21 29 o.o1 

Lund 
1971 23 80 80 30 40 2.06 

Perch 
1972 33 136 145 52 47 o.eo 

II II 145 57 47 16 Q.l9 
II II 136 57 52 16 I .40 
II II 145 62 47 18 Q.IO 
II II 136 62 52 18 I .20 
II II 62 57 18 16 o.o1 

Pulaski 
1971 27 348 335 114 129 2.22 

*Fin clip designations: RP = right pectoral, LP = left pectoral, RV = right 
ventra I <pelvic>, and LV = left ventral 

occurred wlth)n both fin-clipped and unmarked 
lots. In Sand Lake Rearing Pond, 69% of the 
fin-clipped fish survived compared to 57% of 
those unmarked, over a period of 21 days• 
After 39 days, the survival figures were 
reversed and higher In Spooner Hatchery Pond 
No. 12; 79% of the fin-clipped fish survived 
compared to 92% of those unmarked· 

The comparative survival of differentially 
fin-clipped 6- to 12-lnch muskellunge 
flngerl logs was determined from 
76 comparisons In 10 lakes. The trials 
Involved separate comparisons of 6 
combinations of fin clips. There were 2 
significant differences between 3 of the 
comparisons of single lots of pelvic or 
pectoral fln-cl lpped flngerl lngs with another 
fin-clipped group but these differences could 
be expected by chance In this many 
comparisons <Table 2>· 

Collectively, the data Indicate that there 
were no differences detectable In the 
short-term survlv211 of 6- to 12-lnch unmarked 
or fln-cl lpped muskellunge fingerlings, 
regardless of which pectoral or pelvic fin 

<pelvic). 

was clipped. 

F Inger I I ng S I ze 

Small Flngerl lngs. There was essentially no 
survival, over a period of 3-4 months, of 
stocked 2.3-lnch flngerl lngs In any of the 7 
lakes stocked• Only 5 of the 26,183 fish 
stocked were recaptured during sampling the 
following fal 1. In contrast, simultaneous 
recapture of the 9·5-lnch fingerlings, which 
had been stocked In the same I ekes 2. 5 months 
later, ranged from 12 to 50% and averaged 
28.7% <Table 3). 

In a previous study, minimum long-term 
survival to legal size <equal to or greater 
than 30·0 Inches> of 2·3-lnch finger! lngs In 
Lac Court Orellles (5,000 acres> ranged from 
0·10 to 1·90% and averaged 0.25% <Table 4> 
(Johnson, unpubl. data>• The comparable 
survival of 9.5- to 10·0-lnch flngerl lngs 
stocked the same years In Lac Court Orellles 
ranged from 2·4 to 20.0% and averaged 7·0%. 
Recapture data In that study were obtained 
over a per I od of 5-17 years from fyke net 
collections, angler returns, and resort 
tabulations. 1 
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TABLE 3· Comparative survival of 2·3- and 9·5-lnch muskellunge fingerlings 
stocked In 7 lakes, 1976-77• 

Surface 
2·3-lnch Finger! ln2s 

NO• Stocked Percent* 
9·5-lnch Fln~erl ln~s 

No. stocKed ereen 
Lake kres <flsh/ac:-el Recaptured <fish/acre> RecaEtured 

Des Moines 229 31 0 3 42 

HariTOn 96 8 0 2 20 

Leisure 75 20 0 2 46 

Little Sand 101 8 0 2 50 
<Barron Co. l 

Lower Holly 42 22 0 2 12 

Mathews 263 30 0 3 15 

Twenty Six 230 30 0 3 16 

Mean Trace 28·7 

*Five 2·3-lnch fingerlings were recaptured from 26,183 stocked. 

TABLE 4• Recapture through 1976 of legal-sized muskellunge* stocked as 
2·3-lnch and 9.5- to 10.0-lnch finger I lngs In Lac Court Orel I les during 
1955-57 and 1971 (Johnson, unpubl. datal. 

2·3-lnch Fl n~er I I n~s 
No. RecaE:rurea 

Year Stocked FlO. Percent 

1955 19,500 25 Q.l3 
1956 2,350 45 1·90 
1957 28,850 75 o.26 
1971 10,000 10 o.to 

Total 60,700 155 Oo25 

*Equal to or greater than 30 Inches• 

Large Finger I I ngs. In canpar I sons of 
fingerlings of an average size of 7.5-9·5 
inches vs. 9.7-11.7 Inches, there was no 
significant difference In survival between 
the 2 groups In 15 of 19 stocking trials 
<Table 5>· There were significant 
differences In 4 trials, 3 where survival of 
large muskellunge fingerlings and I where 
survival of medium-sized finger! lngs was 
better than could be expected on the basis of 
chance variation• Lakes where survival was 
significantly better for the larger 
finger! ings were Crane-Chase <1972>, Little 
Sand <Barron Co.l In 1975, and Lower Hoi ly 
<1975>. Survival of medium-sized finger! ings 
was significantly better only In Little Sand 
<Sawyer Co.) In 1973• However, the summed 
trials gave a definite edge to the large 
finger! lngs, significant at P < Q.OI with 
Chi-square = 18·84· If the iiumbers of fish 
recaptured <Table 5> are expanded to an 
estimate of the population, the overal I 
estimated survival was 55.2% for the large 

9.5- to IO.Q-Inch Fln~erl ln~s 
No. Recaptured 

Stocked FlO. Percen:r 

I ,000 35 3.5 
I ,000 200 20.0 
I ,000 65 6.5 
2,000 48 2·4 

5,000 348 1·0 

fingerlings and 49.0% for the modlum-slzed 
fish, or an Indicated advantage of 12.6%· 

An overall effect of size of muskellunge 
finger! lngs on survival Is also apparent for 
29 releases In which the average lengths 
ranged from 8·0 to 11·5 Inches. The larger 
fingerlings exhibited a higher survival rate 
with r ~ Q.53 significant at P < Q.OI 
<FIg.~ l • However, the cons !Oerab I e scatter 
of points on the plot suggests that this 
Increased survival Is not consistent and may 
be of minor consequence. 

Both series of releases Indicate a slightly 
higher survival of larger finger! lngs but not 
of a magnitude where size differential can be 
considered to be a major factor In survival 
of stocKed fingerlings. 

Conditioning 

There was no significant difference In 

·I 
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average length of stocked fish• 

overall survival of the conditioned fish 
(35%> and of the direct lake release (34%>• 
In 13 of the 15 trials there was no 
significant difference, but In the remaining 
2 cases the conditioning gave a higher result 
In I and a lower result In the other at P-::: 
0.05 CTable 6>. The latter was part of a 
2-year test of a larger confinement pen 
<12 by 38 by 4 ft deep> carried out In Clear 
Lake In 1973 and 1974• The lower 1973 result 
contradicted the 1974 result In that survival 
of the 1974 confined group did not 
significantly differ from that of the 1974 
direct lake release• 

Again occasional "significant" differences 
can be expected from a probabl llty 
standpoint, and other unevaluated 
circumstances may cause aberrations. No 
effect of pre7release conditioning appeared 
to be present In this series. 

Sedation 

Salt. There was no significant difference In 
~Ivai, over a 28-day period, of treated 
flngerl lngs [0.3% salt <NaCil for 24 hours) 
and those that were stocked directly Into 
Boot Lake. A repeat of this experiment with 
an Immersion time of 36 hours produced the 
seme results. A 2-hour Immersion In a 0·6% 
(NaCil solution also did not Improve 
survival, over a 28-day period, of 
fingerlings stocked In Little Sand Lake 
<Barron. eo. >• 

Anesthesia. At 10 mg/1 quinaldine sulfate, 
abOut half the fingerlings were sedated 
(fmmobll lzed but stll I upright> and half 
anesthetized (some floating upside down at 
the surface, but most lying upside down on 
the bottom of the transport tank>· AI I fish 
exhibited excitability demonstrated by a 
start or flutter In response to any sudden 
movement by persons near the tank· The 
fingerlings were released from the beach and 
the truck was driven away before they 

recovered from the anesthesia to avoid 
alarming the fish· AI I fish recovered In a 
calm manner, and lingered In the area or swam 
slowly from shore within 10-15 minutes, as 
viewed from a vantage point 75-100 ft away. 
The calm movement of anesthetized flngerl lngs 
was In stark contrast to the fast arrowllke 
movements of the nonanesthetlzed fish as they 
left the stocking sites. 

Muskellunge fingerlings Immersed In 15 mg/1 
quinaldine sulfate for 1.5 hours were alI 
upside down with 14% of the fish floating at 
the surface and the rest on the bottom. 
These fish were also excited by outside 
movements by persons, but alI recovered In a 
calm fashion In the lake· A characteristic 
of this anesthesia seemed to be that 
anesthetized flngerl ings (belly up) continued 
to respond to outside stlmul I· 

Quinaldine sulfate anesthetized flngerl lngs 
survived no better than the untreated 
finger! lngs In each of the 4 waters studied 
than could be expected by chance <Table 7>· 

Satiation of Predators 

Under the premise that predation is a cause 
of high Initial mortal lty of stock~d 
muskellunge flngerl lngs, 2 releases of 200 9-
to 10-lnch fish were made 24 hours apart In a 
single trial In Little Sand Lake <Barron 
Co·>· If the predator fishes were truly 
satiated, the flngerl lngs from the 2nd 
stocking should have shown better survival 
than those from the 1st. 

On the basis of actual electroshocker 
recoveries, 73 flngerl lngs from the 1st group 
and 68 from the 2nd were recaptured 35 days 
later. There was no significant difference 
In survival between the 2 groups. 

On the basis of the subsequent Petersen 
population estimates, 74% of the Initial 
stocking survived compared to 56% of the 
fingerlings that were stocked 24 hours 
later. This was a significant difference In 
favor of better survival of those fingerlings 
that were stocked as potential forage 
<Chi-square= 4.63, I df, P< Q.05l, In 
contrast with the direct c~lectlon result. 
In any case, the original premise was not 
substantiated In this trial. 

Stocking Location 

Vegetated vs. Open Water Areas. Survival of 
6- tu 12-lncn muskellunge fingerlings stocked 
In dense aquatic vegetation was compared to 
that of flnglerlngs stocked at weedfree boat 
landings In 2 lakes. No significant 
difference was found In the survival of I 
group over the other In Little Sand Lake 
<Barron Co-l; however, In Harmon Lake, 
flngerl lngs stocked In open water survived 
better <Table 8>· The area of aquatic 
vegetation was not significantly related to 
survival In alI lakes studied (Appendix Fig. 
I l • 

Spot vs. Scatter Planting. Comparative 
survival of fingerlings stocked at I 
shore II ne t'ocat I on and those scattered 
Individually along the shoreline from a boat 
was evaluated previously (Johnson, unpubl· 
datal• In 8 trials In 6 lakes, no difference 
In survival could be determined between the 2 
methods as confidence Intervals of alI tests 9 



TABLE s. Comparative survival of medium-sized 
muskellunge fingerlings stocked, 1972-75*. 

(5.9-11·0 inchesl and large <6·5-13·0 !nchesl 

Medium-sized Fln~erl ln~s Lar2e Fln2erl ln~s 
lake and No. Days Range No. No. R4nge No• No. 
Year Stocked At Larse (! nches> Stocked Rec~tured <I nchesl Stocked Recaetured Chl-sguare 

Bass 
1973 28 5.9-8.9 173 39 9.Q-IOo9 242 58 o.os 

Boot 
1972 29 6·5-8.9 151 38 g.o-11·2 359 112 I • 58 

Clear 
1972 26 8.0-II·O 148 51 I 1.5-13.0 289 108 o.24 
1973 19 9.0-9.9 51 15 10·0-12·5 333 125 Oo93 
1974 19 9.1-10.9 62 19 11·0-12·4 338 131 I .15 

Crane-Chase 
1972 .33 6·5-8.4 270 2.3 9.s-11 .2 229 63 30.02 
1973 26 6.5-8.4 120 35 8·5-11 ·2 297 89 o.oo 

Island 
1972 28 7.5-10.6 84 .30 10·7-1:3.0 .323 127 Oo23 

leisure 
1974 14 8.4-9.9 24 5 10·0-11.9 266 99 I .91 
1975 .34 7 • .3-8·9 25 9 9·0-10·7 124 38 o.oa 

Little Sc!lnd C&rron Co·) 
1973 .33 6-7-9.9 123 .36 10.0-12.2 298 79 l .o7 
1974 19 9.3-9.7 65 33 9.8-11.4 331 161 o.o:s 
1975 24 7·2-8·4 17 I 8·5-10.8 182 74 6.59 

Little Sand ( Sc!lwyer Co·> 
1973 26 7·2-9·9 128 79 10.0-12.3 249 79 30-02 

lower Holly 
1975 .33 8·2-9.4 36 5 9.5-10.9 64 25 5o81 

Pear 
1974 14 8.4-9.9 26 8 1 o.o-11.5 200 90 lo36 
1975 27 8·1-9·4 36 9 9.5-11·3 66 30 .3o31 

Perch 
1972 33 7o9-IOo2 119 34 10.7-12.8 261 99 lo38 

Sand Lake Rec!lrlng Pond 
1974 21 6.Q-9.9 1.3 5 IO.Q-11·4 64 56 2·72 

Spooner Hatchery Pond No. 12 
1975 39 7o4-6o3 ---1. 0 - 8.6-10·4 47 42 No test 

Total 5·9-11.0 I ,674 474** 8·5-1.3·0 4,602 1,685- J8o84 
Average 7·5-9.5 9.7-11·7 

*Both sizes of fingerlings were stocked on the same day In each lake or pond. 
**Percent survival was 49.0% for medium-sized fingerlings and 55.2% for large flngerl lngs. 

10 



TABLE 6. Comparative survival of 6- to 12-lnch muskellunge flngerl lngs 
conditioned 48 hours In a 5 by 9 by 4 ft deep holding net compared to 
fingerlings stocked directly Into the lake. 

Conditioned in Net Released Dlrectl:t In Lake 
Lake and No. No. No. No. 
Year Stocked Stocked Recaptured* Stocked Recaptured* Chl-sguare 

Bass 
1973 200 40 (20) 215 57 (27> 2·1 0 

Boot 
1971 302 171 (57) 298 101 C34l 30.36 
1972 257 77 (30) 253 73 C29l 0.30 

Clear 
1972 215 88 (40) 222 71 (32> 3-40 
1973** 186 55 C29l 198 85 (43) 6-82 
1974** 202 82 (41) 198 68 (34) 1.41 

Crane-Chase 
1971 245 103 (42) 245 91 (37) r.o3 
1972 250 42 ( 17l 249 44 ( 18) 0-02 
1973 209 58 (28> 208 66 (32) 0.61 

I stand 
1972 200 70 (35) 207 87 (42) I .93 

Little Sand 
<Barron Co. l 

1973 209 58 (28) 212 57 (27) o.or 

Little Sand 
<Sawyer eo. l 

1973 185 75 (40) 192 83 (43) o.r8 

Lund 
1971 79 49 (62) 80 55 (69) 0.53 

Perch 
1972 200 69 (35) 200 64 (32) 0.18 

Pulaski 
1971 353 114 (32l 350 129 (37) I ·42 

All 3,292 I, 151 (35) 3,327 I, 131 (34) 0.65 

*Percent recaptured shown In parenthesis. 
**F l,nger II ngs were condItIoned In a I arge hoI dIng net 12 by 38 by 4 ft. 

TABLE 7• Survive! of muskellunge flngerl lngs anesthetized In quinaldine sulfate for 1·5 hours 
before stocking In lakes, compared to the survival of non~nesthetlzed fingerlings stocked directly 
Into lekes during the fall of 1975. 

No. Days No. Stocked No. Receptured 
Lake At Large Anes=Fiie=flzeo f.iOnanesTFieTize<l ~nesTFieTizia ~anesTFieTizea Chi-square 

Leisure* 34 150 150 47 38 1·05 

Lower HoI I y* 33 100 100 30 35 o.36 

Pear** 27 102 100 39 39 o.oo 

Spooner Hetchery Pond 
No. 12** 39 53 50 42 46 2·42 

All 405 400 158' 158 o.oo5 

*Anesthesia applied at rate of 10 mg/1· 
**Anesthesia applied at rate of 15 mg/1. 

11 
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TABLE a. Comparative survival of~- to 12-lnch muskellunge 
fingerlings stocked In dense vegetation and open water areas of 
2 lakes. 

No. Stocked No. Recovered 
No· Days weedy open weeay open 

Lake At Large Area Water Area Water Chl-sguare 

H21rmon 
1976 28 100 100 9 21 4.75 

Little Sand 
(Barron Co. l 

1975 28 200 200 81 75 Oo26 

All 28 300 .300 90 96 0.19 

TABLE 9· Comparative survival* of spot-planted 21nd 
scatter-planted muskellunge fingerlings In lakes <Johnson, 
datal. 

Lake 21nd Count:t: 
No. Days 
At Large 

SEt-pI anted 
Mason 25 
C S21wyer Co. l 

McDonald 18 
<Sawyer eo. l 
Partridge 25 
(VIlas Co.l 

Mean 

Scatter-pI anted 
Big Gibson 28 
<VIlas eo.> 
Evergreen 20 
<Sawyer eo. l 
Twenty Six 18 
(Burnett Co.) 

Mean 

*t-test of spot vs. scatter: t • 

overlapped <Table 9). At-test yielded t • 
1.08, 4 df, !_> o.1. - -

Date and Temperature at Stocking 

The date of stocking was positively related 
to higher fingerling survival, significant at 

unpub I· 

Estimated Survival 
95% 

No. Conf ldence 
Stocked No. ~ Limits on ~ 

1,075 242 2.3 15-60 

740 740 100 68-100 

1,000 575 58 .3Q-IOO 

60 

1,000 555 56 27-100 

940 .34 4 2-100 

1,000 .340 .34 22-87 

.31 

1.08, NS, 4 df. not paired. 

r • 0.62 <P < 0.01 > CFig. Jl. The trend for 
higher sur viva I wIth I ater stockIng appeared 
to extend to the latest dates, well Into 
September. The greater success may have been 
related to cooler water temperatures, which 
were as low as 60 F. This was significant 
with r • -0.49 Cf. < o.ot l CFig. 4l. 
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Nurrber Stocked 

No significant relationship was found between 
survival and the number of fingerlings 
stocked <Appendix Fig. 2>· 

NATURAL FACTORS 

Biological Factors 

Vegetation. As noted previously, release of 
muskellunge fingerlings In dense aquatic 

vegetation did not Increase survival In 2 
stocking trials. Data were examined to 
determine the relationship between survival 
and the extent of vegetated area in the 
I ake.s • For 27 reI eases i n I 5 I akes 
containing predaceous fish species, no 
relationship could be detected between 
survival and the log transformation extent of 
vegetated area ranging from I to 41% of the 
surface area. Moreover, survival varied from 
year to year within 7 of those lakes <Table 
10) where the extent of vegetated area, 
within our abl I ity to measure It, did not 
change. 

Forage Species Present. No significant 
relationship was found between survival and 
pounds/acre of forage species present in all 
lakes, either for smal I <2- to 4-lnchl or 
large ( 4- to 7-Jnchl forage fish (Appendix 
F I gs. 3 and 4 l • 

Predator Size and Abundance. No correlation 
of significance was found of average size of 
the fish predators In the lake with 
fingerling survival (Appendix Fig· 5). Nor 
were numbers of predators/acre significantly 
correlated with fingerling survival (Appendix 
FJg. 6l. Despite lack of evidence of 
predator effect, the longer the fingerlings 
were In the lakes, the lower the survival, 
significant at P <0.01 with r = -0.49 
<Fig. 5). In T"rearing ponds-without 
predators In which fish were stocked after 
normal handling and transport, survival 
ranged from 63 to 85%. In 2 lakes known to 
be without predators (Lund and Perchl, 
survival was 74-85% <Table 101. However, 
survival In Little Sand Lake <Sawyer Co.l, 
originally thought to contain no predators 
large enough to consume the muskellunge 
fingerlings, was only 37%; largemouth bass 
were present but pre- and post-stocking 
surveys fat led to detect the presence of 
large bass. It Is possible that relation of 
predators to survival Is clouded by Imprecise 
estimation of predator stocks present. 

Predator Movement• These trials, which were 
designed to defect predator movements In 
response to possible stress and Injury of 
stocked muskellunge, suggested significant 
changes In predator distribution that could 
be attributed to the presence of the stocked 
musket lunge fingerlings •. Predators appeared 
to actively seek out fish confined In holding 
pens (Table I J), 

The Individual lakes required evaluation by 
Fisher's Ex&et Probabl I lty Test and the 
values ~ntered are the direct probabl llty of 
the result being obtained by chance alone. 
Only Little Sand Lake <Barron eo.> had a low 
probability. The result from Little Sand may 
be an Infrequent chance occurrence (since 
there are II trials which greatly raises the 
expectation that an anomaly may occur) or may 
possibly Indicate that northern pike respond 
differently than other predators. Sample 
sizes are much to smal I to explore thiS• 

Data were also collected to determine If 
other fish species, not normally considered 
predators, would be attracted to the stocking 
site• 

These data llables 12 and 13l Indicated that, 
for at I lakes combined, there were no 
significant differences In the concentration 
of the various species of the nonpredators, 13 



TABLE 10. Rel~tlonshlp of stocked muskellunge 
characteristics of l~kes stocked, 1971-79. 

ffngerl lng survlv~l ~nd growth to selected biologic~! 

Muske I I unge FInger I I ngs 
3o-day Lake Percent Forage Species Predator Species Avg. Length 

11nd Date Size of Are11 (fb/acrel* NO./ Avg. Length No. Percent No. Days When Stocked Growth 
Stocked <Acresl Ve2et~ted Siii~ I I L~r~e acre (I nchesl Stocked Survlv11l ~t Lar2e (inches> (1 nchesl 

Bass 84 22 
8-22-73 I I .;s I o5 0· I 2 3 I • 2 415 43 28 8o7 o.9 

Boot 87 13 
9-21-71 7.4 4o2 Oo28 27.2 600 62 21 II .5 o.:s 
8-30-72 22· 7 7o0 0·45 26.0 510 65 29 9·2 o.s 

Clear 77 II 
9-13-72 22.1 5.1 0·66 22.8 437 40 26 I I • I o.o1 
9-12-73 17 .I 2·0 Oo36 23·4 384 67 19 10·6 o.9 
9-11-74 35.6 1·9 0·62 23·4 400 51 19 II .2 o.9 

Crane-Chase 86 
8-25-71 26·9 7.9 0·12 32.9 490 69 34 9.5 I .I 
8-23-72 18·3 ;s.;s 0·20 30·7 499 27 33 8.7 loO 
8-29-73 31 .9 2.6 0·47 23.9 417 42 26 9.9 2·1 

Derosier 109 :so 
8-9-76 10.8 4e5 Oe41 23.5 50 0 :sa 8.3 

Des Moines 229 6 
8-2-77 22.7 9.o 0·29 23.9 698 43 29 9.2 lo5 

H~rmon 96 20 
8-10-76 63.9 3.7 I ·18 20.8 200 20 30 9.2 I .5 

Island 68 38 
9-20-72 12·0 6.9 0·78 26.8 407 96 28 I I ,3 o.:s 

Leisure 75 17 
9-5-74 15.7 10·2 0·29 25.6 290 49 14 10·5 I .2 
8-20-75 13.8 5.0 0·19 26-8 300 49 34 9.2 1·2 
8-9-76 43.0 1·0 0·15 27.0 150 46 29 9.3 2·0 

Little Sand (Barron 
eo.> 101 13 
9-5-73 24·7 13·2 0·53 22o4 421 29 33 10.2 0.6 
8-28-74 26·9 22·9 0·82 21·0 396 73 19 10.0 0.9 
8-20-75 19.8 15·9 0·45 22.7 400 44 24 9.1 o.9 
8-10-76 21·9 22·2 0·62 21.8 200 50 29 9.3 I. 2 
8-22-79 ** ** ** ** 397 61 28 9.3 o.9 

Little Sand (Sawyer 
Coo) 78 10 
9-5-73 53·0 3.2 o.oo 377 37 26 1 o.1 0·9 

Lower Hoi I y 42 7 
8-27-75 25·0 8·9 2o50 21 ·6 200 38 33 9.4 o.6 
8-9-76 29.0 4.1 Oo86 22.6 100 12 :55 9o3 0·6 

Lund 22 13 
9-8-71 0·03 2.0 o.oo 159 74 23 10·7 o.7 

Mathews 263 35 
8-2-77 6.5 I ·9 o. 79 22.8 798 15 27 9.2 1.2 

Pear 49 41 
9-4-74 27·9 4.5 0.55 22.9 226 53 14 10.4 o.9 
8-27-75 28·5 5.5 1.20 21 .a 202 48 27 9·5 o.9 

Perch 70 31 
9-6-72 2.5 2.7 o.oo 400 85 33 10.6 Oo4 

Pulaski 126 7 
9-15-71 5.9 4-6 0·20 22.6 703 48 27 10.9 0.6 

Twenty Six 230 12 
8-3-77 35.2 6.5 0.44 22.1 700 16 34 9.1 1·5 

*Smal I = 2-4 Inches In length; large • 4-7 Inches In length. 
**D11ta not collected. 



TABLE I I • Movement of predator fIsh 
musket lunge fingerlings In a holding 

In a 
net. 

ser ies of l ake~ fo ll ow ing the s tocki ng of 

Predator F I sh catch Predotor Fish Catch 
Before Stocklns After StockIng 

Near Away From Near Away From 
Lake and Predator Holding Hold ing Holding Holding Direct 

seecles- Probab I I I ty• Year Stocked Net Net Net Net 

Bass 
1973 Muske I I unge 0 0 0 0 t .oo 

Boot 
1971 Muskellunge 3 0 2 0 0 .99 
1972 I 0 2 I 0.75 

Clear 
1972 Walleye & 2 2 8 3 0·33 
1973 Muske II unge 4 2 3 0 0.42 

Crane-Chase 
1971 Walleye & 0 2 3 I 0.20 
1972 Muske I I u nge 0 5 I I 0.29 
1973 2 3 2 2 0 ·48 

Island 
1972 Muske II unge 5 7 2 2 0.42 

Little Sand 
<Barron Co. ) 

1973 Northern Pike 6 3 0 o.o3 

Puloski 
1971 Muskellunge & 

Northern Pike 4 0 0 0·99 

All 19 31 26 10 o.o1 

*Fisher's exact probabl llty test used due to smal I sample size. Result i s direct 
probability. 

**Predators I I sted for any I lake were present during a ll years t hat muske l l unge 
fingerlings were stocked. 

before and after stocking. However , 
Individual cases of fish mo~ent occurred In 
both directions, but It Is doubtful that It 
was related to the stocking of muskellunge. 
There was evidence In some cases of movements 
from side to side In the lakes regardless of 
holding nets. It appeared that fish traveled 
In groups Instead of Individual random 
movements thus producing erratic results• 
These data provide evidence that the native 
nonpredator fish Ignored the muskellunge, or 
at least were not actively attracted to 
them. 

Growth. No significant relationship was 
found between survival and the 30-day growth 
of the fingerlings after stocking <Appendix 
Fig. 7>· However, the average growth In 
length over that period was positively 
related to the pounds/acre of 2- to 4-lnch 
forage f ish, with r significant at 0.54, P< 
o.ot <Fig. 6>· - -

Physical-Chemical Factors 

Alkallnltl. Alkalinity, as a measure of 
wifer qua lty, might affect surv ival , since 
all stocked finger! lngs were reared In the 
Spooner Hatchery with a total alkalinity of 

A nylon holding pen was used In 2 
different exper iments: to condit ion 
flngerl lngs for 48 hours prior to 
reI ease I ntCY the I akes, and to observe 
the effects of stocked muskellunge on 
the movements of predator fishes. 
<The wire mesh fencing protected the 
pen from muskrats.> 15 



T,A&.E 12. Movement of bluegllls In a series of lakes 
following the stocking of muskellunge fingerlings In a 
holding net. 

Bl ueg II I Catch Bl uegl I I Catch 
Before Stocklns After Stocking 
Near Away From Near Awl!y From 

Lake and Holding Holding Holding Holding 
Year Stocked Net Net Net Net 

Bass 
1973 123 66 33 45 

Boot 
1971 86 326 77 169 
1972 92 143 }4 87 

Clear 
1972 59 49 38 23 
1973 45 62 24 52 

Crane-Chase 
1971 9 6 3 4 
1972 3 3 I 3 
1973 I I 

Island 
1972 81 114 117 109 

Little Sand 
<Barron co. > 

1973 337 138 311 467 

Pulaski 
1971 352 286 332 65 - - - --

All I , 187 I, 195 970• I ,045* 

*ChI -square for all lakes combined was 1·21 . 

tOO 

eo 

i . . , • -0.49. 2t .. 

16 

~ 
". 001 

10 ... z 

s 
40 

20 

tO 20 
~YSTO~E 

FIGURE 5. Relationship of stocked 
muskellunge fingerl ing survival to 
number of days In the I eke after 
s'tocklng. 
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TABLE 13. Movement of bluegllls, crappies, rock bass, 
pumpkinseed, and yellow perch In a series of lakes 

. following the stocking of muskellunge fingerlings In a 
hoi ding net• 

Panf Ish Catch Panf Ish Catch 
Before Stockln2 After Stocking 

Lake and 
Year Stocked 

Bass 
1973 

Boot 
1971 
1972 

Clear 
1972 
1973 

Crane-Chase 
1971 
1972 
197.3 

Island 
1972 

Little Sand 
<Barron Co.> 

197.3 

Pulaski 
1971 

All 

*ChI -square 

Near Away From Near 
Holding Holding Ho ld lng 

Net Net Net 

125 71 34 

201 546 144 
137 240 96 

74 75 47 
94 169 62 

394 198 180 
79 66 50 
31 36 II 

240 230 278 

380 382 339 

352 286 332 

2,113 2, 299 I, 573* 

for all lakes combined was 0.31 . 

10 

, • 0,4. 21 •• 
, c 0 .01 

FIGURE 6· Relationship of stocked 
Muskellunge fingerling growth during 
the 30-day ~lod following stock ing 
to biomass of small foroge fish 
present. 

Away From 
Holding 

Net 

47 

288 
165 

40 
134 

61 
39 
23 

217 

587 

65 

I ,666* 



TABLE 14. Relationship of 
of lakes stocked, 1971-79. 

stocked muskellunge flngerl lng survival to physical-chemical characteristics 

Lake Characteristics 
Iota I water Mean Iota! M6rphoedaphlc t-\Jskellunge Ffnllerllngs 

Lake and Size Mf les of Alk. Tempera- Depth Dissolved Index CTDS/ No. Percent No. O!!ys 
Date Stocked (acres) Shore I I ne (ppm) ture <Fl (ftl SolldsCTDSl Mean DePTfiT Stocked Survival At Larse 

Bass 84 1·6 16 34 2·2 
8-22-73 9 71 415 43 28 

Boot 87 2·1 17 40 2.4 
9-21-71 14 60 600 62 21 
8-3Q-72 14 70 510 65 29 

Clear 71 2.2 14 56 4.0 
9-13-72 27 65 437 40 26 
9-12-73 27 68 384 67 19 
9-1 1-74 27 62 400 51 19 

Crane-Chase 86 1·5 13 72 5.4 
8-25-71 41 68 490 69 34 
8-23-72 41 71 499 27 33 
8-29-73 38 70 417 42 26 

Derosier 109 2.3 6 33 5.3 
8-9-76 8 80 50 0 38 

Des Moines 229 3·2 23 76 3.3 
8-2-77 44 70 698 43 29 . 

Harmon 96 3.8 9 38 4.4 
8-10-76 12 79 200 20 30 

Island 68 I ·5 12 90 1·3 
9-2Q-72 56 62 407 96 28 

Leisure 75 I • 7 12 57 4.6 
9-5-74 28 65 290 49 14 
8-20-75 28 76 300 49 34 
8-9-76 28 78 150 46 29 

Little Sand 
<Barron eo. l 101 2.1 13 38 2.9 

9-5-73 12 65 421 29 33 
8-28-74 9 74 396 73 19 
8-20-75 9 72 400 44 24 
8-10-76 - 78 200 50 29 
8-22-79 9 67 397 61 28 

Little Sand 
(Sawyer Co·> 78 - - - -

9-5-73 17 66 377 37 26 

Lower Holly 42 - - - -
8-27-75 31 76 200 38 33 
8-9-76 31 80 100 12 55 

-Lund 22 - - - -
9-8-71 6 71 159 74 23 

Mathews 263 2·6 12 77 6·5 
8-2-77 45 70 798 15 27 

Pear 49 1·4 17 72 4.3 
9-4-74 41 68 226 53 14 
8-27-75 41 74 202 48 27 

Perch 70 - - - -
9-6-72 a 66 400 85 33 

Pulaski 126 2.5 17 43 2·6 
9-15-71 16 66 703 48 27 

Twenty Sl x 230 3·8 20 84 4·3 
8-3-77 51 70 700 16 34 

17 
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80 ppm and stocked In lakes with alkalinity 
values that ranged from 8 to 56 ppm <Table 
14). However, no relationship was found 
between survival and alkal inlty (Appendix 
Fig. 8). 

Water Temperature. Better survival was 
clearly associated <r = -o.49l with stocking 
at cooler water tempeiratures, best toward 60 
F <significant at P < Q.Qil CFfg. 4, 
Table 14). -

Lake Size and Shoreline Length. No 
slgnltlcant relationship was found between 
finger! lng survival and either the shoreline 
length <Appendix Fig. 9> or the area of the 
I akes• 

Mean Depth. There was no significant 
relationship between survival and lake mean 
depth <Appendix Fig. IQ). 

Morphoedaphlc Index. No significant 
relat1onsh1p was found between survival and 
the morphoedaphlc Index <total dissolved 
solids/mean depth> <Appendix Fig. Ill. 

DISCUSSION 

Many factors influence survival of stocked 
muskellunge fingerlings. Within the 
I Imitations of this study, some of those 
factors, both controllable (by management> 
and uncontrollable <natural> were virtually 
eliminated as major causative elements of 
significant mortality. others were 
implicated to varying degrees, but It Is 
important to point out that there Is a larger 
problem of Interaction and/or combination of 
factors that operate to Influence survival. 
Three factors appear to be the most 
Important: (f) date of stocking, <2> water 
temperature at stocking, and (3) presence of 
predators. A 4th factor -- stress from 
handling In the rearing 
pond-seining-transport operation --was 
Imp! lcated In a companion study. 

In my study, it Is Important to note that 
flncllpping had little effect on the well 
being of the fish because differential 
marking of the fingerlings was a necessary 
technique for this study. There was no 
significant difference In the survival of 
fln-cl lpped and unmarked fingerlings; nor 
between fingerlings marked with different 
pectoral or pelvic clips. Studies of other 
species have also shown that amputation of 
one of the paired ventral fins had negl lgible 
effect on survival (Shetter 1951, 1952; 
Churchi II 1963; Bryn I ldson and Brynlldson 
1967; Coble 1967>· 

Ml les et at. <1974) measured physiological 
responses of muskellunge fingerlings In some 
of the trials reported here to the stress of 
harvest by seining, flncllpplng, salt 
treatment, transportation by truck, and to 
holding In the lake for 48 hours before 
release. Blood and liver samples taken from 
specimens after each of those stages showed 
Increases in plasma chloride and liver 
glycogen concentrations. Some of the 
physiological symptoms of stress were 
alleviated by holding the fingerlings In 
0·3% salt <NaCtl. Flncllpplng and transport 
by truck had little effect in causing stress 
In comparison to that due to the initial pond 

seining. Conditioning In pens In the lake 
for 48 hours did not appreciably reduce the 
stress symptoms. 

It seemed logical that temporary confinement 
In holding pens before actual release would 
allow the stocked musket lunge to overcome the 
stress of harvest and handling. However, 
survival did not Improve and there was no 
significant difference in survival between 
.those fInger I I ngs condItIoned In the pens for 
48 hours compared to those stocked directly 
In the lake. Nevertheless, since the stress 
symptoms were not reduced within 48 hours, 
these results do not eliminate stress as a 
factor Influencing survival. The pens, 
however, allowed me to observe that Immediate 
mortality r.e., within 48 hours and before 
actual release In the lake, was nil· Belusz 
(1978> reported a 45% mortality of stocked 
musket lunge finger! lngs within 24 hours whl le 
confined In an Isolated cove; this figure 
rose only slightly to 51% after 72 hours. A 
previous study Involving the isolation cove 
technique had demonstrated a survival after 
53 hours In confinement of virtually 100% 
<Belusz 1975>· 

Two nighttime releases In Isolated coves 
Indicated survival of 100% after 56 hours; 
however, these findings are masked by the 
Inclusion of 2 other variables, transport In 
salt and turacin (concentrations not 
Indicated) (Belusz 1978>· In my study, 
holding of flngerl ings In a 0·3% salt CNaCI) 
solution appeared to calm them; however, 
there was no significant difference In 
survival of those and untreated finger! lngs. 

Predation was Imp I lcated as a major cause of 
muskellunge fingerling mortal lty through 
examination of 3 data sets. Length of time 
In the lake negatively Influenced survival; 
stocking appeared to attract predators; and 
survival was highest In the absence of 
predators. 

Survival was highest in 2 rearing ponds 
(restocked with fish that had been subjected 
to the normal seining, hand I lng, and 
transport procedures> and in 2 lakes 
containing no predaceous fish species, 
ranging from 63 to 85%. In a previous study, 
Johnson Cunpubl. datal reported survival In 6 
rearing pond trials, In which the fingerlings 
were also subjected to normal handling 
procedures, of 92-IOO%. However, the 
Importance of that finding, In relation to 
predation, Is masked by the fact that the 
w~ter temperature was 46 F. 

In the present study, the size of predators 
did not significantly affect finger! lng 
survival, but I was surprised to find In 
Little Sand Lake <Barron Co.), a 12-lnch 
yellow bullhead with a 9-lnch newly stocked 
muskellunge flngerl lng protruding from its 
mouth. The estimated 1,100-1,200 bullheads 
between 8·0 and 12.5 Inches in that lake 
could have been a substantial factor, 
together with the northern pike and large 
muskellunge present, In reducing the number 
of stocked fingerlings. 

Confinement of fingerlings In holding pens, 
referred to above, permitted us to assess the 
Influence of stocking on predator and 
nonpredator movement. There were differences 
In the concentration of the various predator 
species near the holding pens before and 



after stocking, but none for the nonpredator 
species. 

Whatever the degree to which predator fishes 
seek out the stocked fingerlings, It is 
I ikely that finger! ings. further Increase 
their vulnerability to predation by rapid 
dispersion from the stocking sites• Previous 
shocker surveys have shown phenomenal 
distances traveled by newly stocked 
fl nger I I ngs; for example, I 0 mIles traveled 
In Lac Court Orellles within 7 days and 1/2 
mile along the lake shore In 30 minutes In 
other lakes <Johnson, unpubl· datal. 

Two approaches to delaying that dispersion of 
flngerl ings from the stocking site were 
evaluated• Anesthetized fingerlings 
dispersed much more slowly from the stocking 
site than did nonanesthetlzed fish· 
Flngerl lngs were also stocked In aquatic 
vegetation sufficiently dense to provide a 
physical impediment to penetration by large 
predators, but the fingerlings did not remain 
there for any extended period· Neither 
procedure Increased fingerling survival. 

Previous research (Johnson, unpubl· datal had 
indicated that survival of smal I fingerlings 
approximating 2.3 Inches in average length 
was virtually nl I; that finding was 
reaffirmed in this study. Those early 
results led to emphasizing production of 
larger finger! ings which did in fact survive 
much better, but stilI, in total, not very 
wei 1. Propagation of 6- to 13-lnch 
fingerlings prompted the question whether 
larger fish within that size range survive 
better than those In the lower end of the 
range. 

An Indicated advantage of 12.6% was obtained 
from combined data for the larger size 
catagory (averaging 9.7-1 1·7 Inches In total 
length). For the comparative groups of 
medium-sized (averaging 7.5-9.5 Inches tn 
total lengthl and large fingerlings stocked 
in the same waters at the same time, 
significant differences were demonstrated in 
only 4 of 19 trials. Of those 4 releases, I 
was in a lake with no predators, hence the 
higher survival there could not be related to 
a predator-prey relationship. Despite the 
overall slight advantage of the larger fish, 
it Is apparent that in practice, Inconsistent 
results can be expected· The better survival 
of larger fingerlings may be of smal I 
advantage when costs are considered. In most 
cases, growth of medium-sized finger! lngs 
<7.5-9.5 inches) after stocking approximated 
that expected for fingerlings in rearing 
ponds, but without the cost of providing 
forage. 

The factor most clearly related to increased 
survival was the date of stocking. 
Finger! tngs stocked In lakes toward the end 
of August and Into September generally 
survived better than fish stocked earl fer. 
The cooler waters accompanying the later 
stocking undoubtedly influenced the higher 
survival. That conclusion Is reinforced by 
Johnson's <unpublished) data on high survival 
of fingerlings restocked in rearing ponds at 
a water temperature of 46 F. Fish culturlsts 
have long known of better survival of 
harvested flngerl lngs within the hatchery 
system when cooler water temperatures 
prevailed (Johnson 1958). Cooler 
temperatures, near 60 F, were found to be 

better tor survival after stocking ln lakes 
as well. 

<I l 

(2) 

(4) 

(5) 

(6) 

(7) 

SUMM-\RY 

During 1971-79, a series of 40 
muskellunge finger! lng releases was m~de 
In 20 northwestern Wisconsin w~ters 
lying both within and outside of the 
historic range of the muskel lunge• The 
primary method of study consisted of 
stocking 2 groups of fingerlings, each 
treated by a different method, and then 
comparing the numbers recovered by 
electroflsh!ng within 39 days after 
release. Survival figures were 
correl~ted with various parameters 
measured. 

Previous assessments of the muskellunge 
stocking program In Wisconsin have been 
made essentially on a trial and error 
basis. In this study, attention was 
directed at both the quality of the 
hatchery product ~nd the 
physical-chemic~! and biological 
conditions prevailing in the receiving 
w~ters to which the stocked finger I lngs 
must ~djust. As In many other 
pioneering ventures, the objectives of 
this study were not fully met. 
Nevertheless, some factors have been 
essentially eliminated as major 
causative elements of early finger I lng 
mortality and the scope for further 
needed research In this area has been 
n~rrowed. The collective findings do 
suggest some modifications In the 
muskellunge rearing and stocking 
program. 

No differences were found in survlv~l of 
fin-clipped and unmarked 6- to 12-lnch 
finger! lngs nor In survival of 
dlfferentl~lly fin-clipped fish. 

Survival of smal I (2- to 3-lnchl 
fingerlings was virtually nl 1. 

Within the size range normally stocked 
<6- to i2-lnchl, survival of larger 
finger! lngs was sl lghtly better than 
that of the smaller fish· 

Conditioning In holding pens In the 
lakes for 48 hours prior to actual 
release did not Increase survival. 

Treatments with salt <NaCil and 
_quinaldine sulfate failed to Increase 
sur viva I. 

(8) Survival was not increased either by 
stocking In dense vegetation or by 
scatter-planting; nor was survival 
related to extent of vegetated areas of 
the I akes. 

(9) Higher survival was achieved by late 
season stocking at cooler w~ter 
temper~ture s. 

<IO> Surviv~l was not related to the number 
of fingerlings stocked. 

<I I> Biomass of forage species present, 
either smal I <2- to 4-lnchl or large (4-
to 7-inch>, was not related to 
surviva 1. 19 
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(12) Growth of finger! lngs In the lakes was 
directly related to the pounds/acre of 
smal I forage species present• 

(13) The number of predaceous fish/acre could 
not be shown to negatively influence 
survival; however, the longer the 
flngerl lngs were In the lake and 
presumably exposed to predation, the 
lower was the survival. Highest 
survival was attained in 2 lakes and 2 
rearing ponds containing no predators• 

(14) Predaceous fish appeared to be attracted 
to flngerl ings confined In holding 
pens. 

(15) Survival was not related to alkal lnlty, 
lake size, shore! ine length, mean depth, 
~r the morphoedaphlc index. 

MANAGEMENT AND RESEARCH IMPLICATIONS 

Results of this study suggest consideration 
of the following modifications In the 
muskellunge rearing, stocking, and research 
progrCYOS• 

(ll Discontinue stocking smal I <2- to 
3-lnch) musket lunge fingerlings-- they 
did not survive in this study. The take 
of muskellunge spawn should be continued 
as usual because cal~ltles may occur 
that wil I require egg or fry transfers 
between hatcheries, or replacement 
within the same hatchery. Since the 
small finger! lngs will not be needed, 
the rearing pond stocking rate should be 
reduced. Within recent years, Spooner 
rearing ponds have received 
25,000-50,000 fry/acre. Such rates 
could conceivably be cut to 10,000/acre, 
or even less• Fewer stocked fry will 
mean greater quantities of zooplankton 
for the starting fry and better survival 
and growth as wei f, Any surplus fry 
should be discarded or stocked en masse 
at a nearby muskellunge lake• 

<2l Should a need still remain to crop the 
2- to 3-lnch muskellunge fingerlings 
from ponds, they should be stocked In 
large 3,000- to 5,000-acre lakes. Prior 
data for 5,000-acre Lac Court Orellles 
Indicated at least some survival for 
flngerl lngs of this size, compared to 
virtually zero for that In small lakes. 

<3> Concentrate on rearing 7- to 9-lnch 
muskellunge fingerlings. They survive 
about 87% as well as the larger 9- to 
12-lnch fingerlings when stocked In 
lakes• Rearing smaller fingerlings will 
be less costly because of the smaller 
forage supply required· Transportation 
costs will also be less for the smaller 
fish• 

(4) Stock muskellunge fingerlings during 
periods of cooler water temperatures, 
preferably In the 60-65 F range. This 
generally means stocking during the last 
weeks In August and Into September. 
However, the problems of rearing smaller 
finger! lngs over a longer growing season 
will still have to be resolved· 

(5) Every effort should be made to reduce 
the handling of muskellunge fingerlings 
between the harvest and the stocking In 
lakes. Physiological stress due to 
harvest has been documented <Miles et 
al• 1974>• During my study, I ~~tas 
unable to assess the survival of 
unstressed fingerlings and fingerlings 
harvested by conventional methods· But 
reduced handling may be I key to 
Increased sur viva I. 

(6l The recreational and cost benefits of an 
increase In survival of stocked 
muskellunge dictate that research on 
this Issue be continued, on both the 
hatchery and stocking aspects. 
Candidate areas of further research, 
both new and supplemental to those 
Involved In this study, include: 
(I) developing a cultural regime to 
carry sma I I er finger I I ngs I onger for 
late-season harvest and stocking In 
cooler waters; (2) refining the 
relationship of fingerling size to 
survival through close sorting of lots 
prior to release; (3} confining 
finger! lngs longer In holding pens or 
Isolated areas prior to actual release; 
(4) testing of night stocking, alone and 
In combination ~~tlth confinement; 
(5) radio tracking of flngerl lngs to 
more precisely determine movements, 
habitat selectivity, and possibly fate 
as prey; (6l using genetically different 
strains as brood stock and subsequently 
evaluating fingerling survival; and 
(7) evaluating higher finger! lng 
stocking rates • 

.APPENDIX 

APPEND I X TABLE I • Selected character! sties ot study lakes. 

County and M.!!x • 
Area Depth Lake Secch I Alkalinity 

Lake <acres> (ft) Type* Dlsk(ft> Cppml Other Fish Species Present ** 

B<!!rron County 
Little Sand 101 41 s t>P, LMB,BG, BC, YB 

Bayfield County 
Lund 22 36 s 10 6 LMB,BG 
Perch 22 12 s 2 3 LIJB,W 

Burnett County 
Des Moines 229 . 37 s 18 44 NP,LMB,W,BG,BC,YP,YB,WS 
Twenty Six 230 47 D 10 51 NP,LMB,BG,BC,YP,RB,PS,YB,BS 



APPEt.DI X T.ABLE I • ContI nued• 

County and M.!lx. 
kea Depth Lake Secchl Alkal lntty 

Lake <acres) (ftl Type• Dlsk(ft> <ppm> Other Fish Species Present •• 

Pr i ce County 
Bass 84 46 9 
Crane-Chase 86 22 41 

Rusk County 
Boot 87 44 s 14 14 LMB,YP,BG 
Pulaski 126 40 16 

Sawyer County 
Clear 74 32 s 18 27 LMB,W,P 
Island 67 31 D 7 56 LMB,W,YP,BG,BC,PS,GS,B 
Little Sand 78 16 s 17 LMB,P 
Lower Holly 42 10 s 31 LM3,P 
Sand Lake 

Reer I ng Pond 9 9 D 34 M 

Washburn County 
Derosier 109 II D 8 8 l'.f' ,LMB,BG, BC 
Harmon 96 33 s 15 12 NP ,LM3,BG,SMB 
Leisure 75 26 s 7 28 NP,LMB,BG,PS,RB,WS,B 
Mathews 263 26 s 13 45 Lr.'S,W,BG,YP,WS 
Pear 49 32 s 12 41 l'.f',LMB,W,BG,BC,RB,PS,SMB,B,WS,R,CS 
Spooner Hatchery 
Pond No. 12 13 6 D 78 M 

•s = seepage, D = drainage. 
·~p =northern pike, LMB =largemouth bass, W =walleye, SM3 = smal !mouth bass, BG = 

ws bluegil 1, BC =black crappie, YP =yellow perch, RB =rock bass, YB =yellow bul I head, 
white sucker, PS =pumpkinseed, GS =green sunfish, BS =brook sllverslde, P = panfish, B 
bullheads, M =minnows, R = redhorse, and CS =common shiner• 
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APPEND! X FIGURE I· PI ot of stocked 
muskellunge fingerling survival on 
extent of lake area vegetated. <No 
statistically significant relationship 
was found. l 
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APPENDIX FIGURE 2· Plot of stocked 
muskellunge fingerling survival on 
number stocked· <No statistically 
significant relationship was found.) 
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•.APPENDIX FIGURE 3. Plot of stocked 
muskellunge fingerling survival on 
biomass of smal I forage fish present. 
<No statistically significant 
relationship was found.) 
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APPENDIX FIGURE 4• Plot of stocked 
muske II unge fInger I I ng surv Iva I on 
biomass of large forage fish present. 
<No statistically significant 
relationship was found·> 
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APPENDIX FIGURE 5· Plot of stocked 
muskellunge fingerling survival on 
size of predator fish present. <No 
statistically significant relationship 
was found. l 
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APPENDIX FIGURE 6· Plot of stocked 
muskellunge fingerling survival on the 
number of predator fish present. <No 
statistically significant relationship 
was found.) 
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APPENDIX FIGURE 7. Plot of stocked 
muskellunge fingerling survival on 
growth d urI ng the 30-d ay per I od 
following stocking. <No statistically 
significant relationship was found.) 
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APPENDIX FIGURE 8· Plot of stocked 
muske II unge fInger I I ng surv Iva I on 
alkalinity of lakes• <No 
statistically significant relationship 
was found.) 
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APPENDIX FIGURE 10. Plot of stocked 
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