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ER ees ARSTRACT =m eT) | 

From 1969 through 1973, the 3.7-acre (1.5 hectare) Pleasant Lake Marsh was 
stocked each spring with adult northern pike (Esox /ucius Linnaeus) in an effort to 
determine the factors that influence the production of fingerlings from managed 
spawning and rearing marshes. In 1971 and 1972, the 18.5-acre (7.5 hectare) Pabst 
Marsh was also studied. The annual production from the Pleasant Lake Marsh varied 

from 324 to 3,243 fingerlings per acre (131 to 1,312 per hectare). The Pabst Marsh 
produced 681 and 1,052 fish per acre (276 and 426 per hectare) during the two years it 
was studied. These fingerlings were produced from an average of 12.1 and 11.0 lbs/acre 
(13.6 and 12.3 kg/ha) of adult females and males, respectively. 
The average production for both marshes at the time of draining was 1,332 fingerlings 

per acre (539 per hectare) having an average length of 3.5 inches (88.9 mm), and a 
length range from 1.5 to 6.8 inches (38 to 173 mm) . The pounds per acre of fingerlings 
produced varied from 2.2 to 16.4 (2.5 to 18.3 kg/ha) with a mean of 10.6 lbs/acre 
(11.9 kg/ha) . Estimated survival from egg deposition until the time of draining varied 
from 0.15 to 2.69 percent with an average of 1.09 percent. 

Factors suspected of influencing the production of northern pike from managed 
marshes were studied. However, sufficient data for making quantitative predictions on 
the number of northern pike produced from these factors were not obtained. 
Nevertheless, it was observed that water temperature and dissolved oxygen during the 
draining of the marsh, cannibalism during the fingerling stage, and zooplankton 
composition during the fry stage were some of the most important factors influencing 
the production of northern pike. 

A Fortran computer program was developed to handle the analyses of all northern 

pike stomach, zooplankton, and benthic samples.
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es INTRODUCTION sae 

Because of man’s activities around an understanding of the factors that offset losses of marsh lands, the Wis- 
many of the lakes in Wisconsin, marshy, influence northern pike production in consin Department of Natural Resources — 
low-lying areas have been lost at a rapid marshes is needed. Researchers from oth- initiated a study on two marshes. The 
rate (Brynildson 1958). These areas er states who have studied various aspects purpose of this study was to assess 
quite often are known or suspected to be of northern pike production from fingerling production in managed spawn- 

| northern pike (Esox lucius Linnaeus) marshes include: Carbine (1941, 1943), ing and rearing areas created by flooding 
spawning sites. One report of this loss of | DiAngelo (1961), and Williams (1963) low-lying areas near or adjacent to lakes 
spawning habitat (Threinen 1969) de- in Michigan; Forney (1968) in New and to evaluate some of the factors which 
scribed detrimental activities such as York; Franklin and Smith (1963), might influence that production. This 
ditching, filling, and diking in relation to |§ Jarvenpa (1962) and Bryan (1967) in study was conducted in southeastern 
northern pike populations, and gavesome § Minnesota; and McCarraher (1957) in Wisconsin from 1969 through 1973 at 
possible solutions. While a complete eval- | Nebraska. Their work investigated many one marsh, and during 1971 and 1972 at 
uation of the effects of spawning habitat § phases of the factors that determine the other. The extent to which production 
loss on northern pike populations has not —‘ northern pike production in managed actually improved the northern pike fish- 
been conducted to date, it seems likely | marshes but nevertheless left many ques- ery in the adjacent lakes was the subject 
that it can only be harmful. Inordertobe tions unanswered. of another study. 
better able to assess these losses and then In order to obtain a better under- 

| take measures to ameliorate their effects, | standing of these factors and be able to 

Hees DESCRIPTION OF STUDY AREAS SEES 

One study site, the Pleasant Lake A very dense stand of leatherleaf | canary grass (Phalaris arundinacea) was 
Marsh, is a 3.7-acre marsh adjacent to (Chamaedaphne calyculata) is located planted on the mat area. However, the 
Pleasant Lake in Walworth County (Fig. in the center of the marsh, occupying over _ growth of the grass in the following years 
1). In 1969 and 1970, a sand bag dam 50 percent of the surface area. The — was poor. The leatherleaf began a slow 
was used to control the water level in the leatherleaf’s top growth extends con- — regrowth, but by 1973 it had not reached 
marsh. However, during the summer of siderably above the surface of the water its previous height or density. 
1970, a concrete dam was constructed. = even at the highest levels. During the The other study site, the Pabst Marsh, 
The structure had two concrete sides each winter, the entire marsh freezes. In the is located in Waukesha County. This site 

5% ft by 5 ft by 10 inches with space for _— spring, (after pumping has been _ is an 18.5-acre monotypic marsh of reed 
two-foot long control boards in the completed), the leatherleaf mat grad- canary grass. 
middle (Fig. 2).* ually thaws and sinks a foot or two below In the fall of 1970, a concrete control 

The marsh was flooded to a depth of _ the surface of the water. structure was also constructed at the 
from 2 to 4 ft and was used as a managed However, after several weeks, the mat outlet of this marsh. This dam consisted 
spawning marsh from 1969 through gradually rises and by Maya gooddealof of two concrete sides each 8 ft by 6 ft by 
1973. The marsh is completely sur- the mat is either above the surface of the | 10 inches with space for two-foot long 
rounded by a high steep wooded ridge, —_—_water or has less than six inches of water _ control boards in the middle (Fig. 3). 
except where it connects with the lake. over it. The rest of the marsh is covered This marsh was also flooded to a depth 

with cattail (Typha sp.) and a few of from 2 to 4 ft. Most of the land 
patches of various sedges (Carex sp.). In surrounding the marsh is used for 
July 1970 after drawdown, the leather- agricultural purposes, including cattle 

*Table 12 in the Appendix gives pertinent leaf was burned off using fuel oil in an grazing and crop growing. The marsh 

English-Metric conversion factors for data attempt to increase the living space for drains into a slough connected with 
2 presented in this report. the northern pike fingerlings, and reed Oconomowoc Lake (Fig. 4).
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FIGURE 1. S li | . Sampling stations at the 
3.7-acre Pleasant Lake Marsh. 

| | 

| 

. 

¥ en BN Pa ec . . . . 5 Scene este ag I I a i SEI RS PI oats She K) 

a ae ¥ —* ; eee a CRRA ye . 1 i SS SQ IS in Se ek &! SS ; ES AR RAE a oe re OU eG 
| a aE % SUE Ee ee ag oe a vy = Bey ee EER SN x RO: 
| = * ou : ee, ey rower SS ee Ce eR es . RO 

arth SIPS SR. Re : a SE eRe Se Se ge SP OR Rc ne ee SCE Cee me Se ae ee 
ek * Pe . 3 : SESS SSS SE 7. MRNP OR GPS 020050 Oe Vn Seek on Pa CSS RS 

. Reet aties S oc . i A A oe) — = ae yok as = | 
| TE it . ‘ \ CeO IR a ae Se ee eC 
: Pe % ass opr ok oe g : 3 ee et Fee -+ ij oo eee on ee 

ar $ bees 2% “t SALES HSSSSoSh soups JINTRES SE IEEE ERE Is SEE SR oes Sr res eee 
. ray . fon oS S : ’ Seng Ngee See eee ooo SS Se lr a) zo Ee Sf 

| << ae c usgho w . aS EE ewes el A yo | ee ant oe | OR 

| a: ee ES PS Hs : . ee eS oe NSe _. a ER eo ee ee ee , Fee! my a Roe : ai 
oO PR oS Sa eR A SEBO AIRS See as RAS nas RS acs cao cS Oa aac er Co, See, | 

|  : ey we Ft tae “as SAY A ASRS RS Se Ee E EB CR a 

: eS 3S 2 Ate Be ROA sna eT ES eS RS SEN 
= . Pea . SESS SS re 3 yates RRR SERS ARCS ws a we SS Bo ee ai ccc . Ska a ee CF a AN Sea ; r . — SSS NS se Pe ee oe Ce ae wo, A NO ae 

oS . oF SEN cS ge i ns x Ra a, a P : . SS NEI Ne OR NTRS ORG SES Se RCE CL NR RRR AOE STONERS NOR \ TNs Be ee ae * cae bass cece , She By aky ~ S * 5 , iN es wane a ee ABS eS \ RS SSN ee ee ec oe COO ee 3 
cs Ss SRS cis : tae RBS ESS : 7 carn . ERS RR SoS ue hn 2 EERO ERRRRARS SS RRRS BREE ROSE CORR BRR RRS ORCS RRNA ER SE OR STRESS 

a— Se Se 2 > & SIP See rae aN WSO gc ne — oe a Se ~~ cos , SS. Bac 2 . 8 aN LSS YR ee an ‘ NS SMES SS Ree aed REST LIN RRR SRERSG INGER. SCACS SOUS SARCOMAS RGEC CO ORCC RE ce Rn uk 
as Rigo SSR ON sp ANE FRIIS a RO a. Rt ey Tee Shee Oe ee EEK RS RS ER CR SE Re oo 

, “a §& NESE Ba iii, saan aah ss ‘ RS ERIE, RR ee wa : Pao Sane ; RINE SR See CS NES Se Seg 
. ne ws. ae re re _ st acs foes : 4 an 7 fee OS oe a ere 

: ee ee i. — RRA SS ae : rae a RN NE RMR OS SRS Sa ae ccc” ON 
oe een a og a SE > oe SRR cs se Re SE RF SR Tate 

} ; a CUE EEOC SCORN LCE Oca FERIA rere rs =e : 

| Sa oe Pe . volo la St " . SRE LAR Ra ee & 5 CORA ae RRS oul 4 ae; E 2 

R aS ees RR is i : Phe oy i, : . SI Re REP oS ts ae . ae: 

Pe SM SE : vo os oa we a ee eA oe: iia ; reer 
a ea ro "3 er : Se “os Co e Oe ators 

rar oN Mw . tine . . * SNe se eS a er ae 

ee we * Ss “ve or % ge oe 
2 Sa ok ee ~ * ; . we eo aad s a co aC 
ee oa oar —o : .s . Mk Tea cate oS ea EN yy er o BX “ ta oe a as 

ar — Be ee a : Leta . « ae 3etes > eee : mas ea = mo ie eae 
: < : ets 7 : Se Rit SASS 5 aren oa. a . : % Wee are 

| a S c Moe . Sees Pk ag aE ae one ns =e — oe ‘aoe 
fc ot ea . . " . WOR AS wo SE SOT yg SRR se gS. f ~ ms Ne cS al ead 
wo. a ae ; Bee Ly . wo , : . oe Fae LeC5 * a N a owe care . ms arc 

eal an en Be: wo : © Se ae PS < ee OSS Se , . ; eer 4% eee “= . 
or « BY ' s ee SS YS RRS SS a oS ae : PRE oe e ithe ba 

7 re N oe ets Seah owe atest ee oe : aN ea aes oe 
we Re CR al - Se SN eg MSG, SR SETS eee kn eS = ar i 
oo. 2 ae Co em OS So yg ate far Soe a. SII... — “ ; ; a Os 
nT aS pI RS v 8 as ORR A oc &Se wn BAN Pegi et Be h . a . RS. se 

“eee” RR RR QF ey Sue . RRR RT Re Ran ARE aay 2 BEE Oy ie PES sn ESN N . we SARIS. Ce ee Pan ey = & WA, a +x es Rs Sree QA GAN gO Sa * FS eS we aS BN ua 

NEN. OOS: alle cS RS SS SES IRE SSS. SEG pe Soo ee Sa Sag poe ee SX SAN A: : , SO, ; RAS a Sey Na eS AN Ne ee Ra Wye rn Aan a me TaN SNS Se" Fe RSS < x SRP RS a =p WN SS eo. : 5 ES AS Bs 
KS RR RRR aR cng RI ec a ee OE DMR Ge dk RR ERE SEE Se i Se BN. Pa ee 6 get NERS RRS Rg EES IRRCOSS CAR ~~ eS og See aN. « Rk SES NR RRR SAWS a aN « Se ee: 

aS ee SRN RAR ate Cran : RS ES RRS RE SRE AGS SRR SNE vg Lt ah « SE NS NS . , ANS . _— Go SERS Se Ss , ean Bete RR RSE Sa WS ER ao a . a OS e Fi . eae ie 
Los a RS. WS eS Se RRS Naas : ~! AE CARAS sR CQ s Se SR Rar. SS NS SS 3 : 4 . S Pe Bo ean : 

a New S i alt SS SS OSE. ‘ * — eS P< oa a re BOS “ NO SS ee « AN EN aN oe LSE | a oe oe SSR OS Sk. ALO ee Ce ASE CEE SI. NAC oS Se aoe ee Aes 
Re , ae D MRR eee So” RRR ; SWS: NE RASS SR Raa So SRR ae ee eS PO rr ee eines RS TS OR “4 NONE SCN: SERCO NS Ro ANSE RSS sie 4 as aS RR ae EER MINN Sa ane ee Oe Fa 5 ANA REE RSPR ce Se SS SS a we Nee SS WEES . SS Coane Sees : 
ON RES. SRR GUS Se eS BR oe SO. See ne a aa Ks, . ce ; 
Ee Se ES CCN eS ROE N ORU IG al AIS BRN gese Ss SAN SS GRR PAY Ee me Se BN Ra an 

REN tS es RE Si RS ae Se eG AS SUG RCAC: Ss: a SEs SR a Po. Se Na > ss a RE : : 

| ; aes Rone SASS we SERN rN a ENS . AS Fe SEN SNS SG ; PES Oca N RASS WE. SSR a “i 

j ini d collecti her. : FIGURE 2. Concrete outlet structure at Pleasant Lake with FIGURE 3. Draining of Pabst Marsh and collection of northern - 
hin the back d ik lingsi h 3 the marsh in the background. pike fingerlings in a wiremesh pen.



CTH. "p" 

| ) : OCONOMOWOC 
LAKE 
SLOUGH 

| DAM c 

| 

6 . 

r . 

iE 
”) 

| 5 | 

4 ! a | 

DRAINAGE DITCHES 

3 

; 

FIGURE 4. Sampling stations at the 18.5-acre Pabst Marsh. 
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STOCKING OF ADULT Spawners was attempted using fyke nets 
WATER LEVEL CONTROL SPAWNERS to prevent predation of spawners on the 

young fingerlings. 

Both the Pleasant Lake and Pabst 
marshes were pumped full of water at the The spawning stock was obtained 
end of March with a 12- or 16-inch primarily from Fox Lake in Dodge Coun- 
Crisafulli pump. The pumps were ty, but one year, part of the stock was NORTHERN PIKE STUDIES 

powered by a tractor or a 40-horsepower obtained from Rush Lake in Winnebago 
electric motor. The water levels were then County and Beaver Dam Lake in Dodge . 
maintained over an approximately nine- County. The females were weighed to the Egg sampling 
week period until the time of draining by nearest tenth of a pound. The males and 
periodically pumping water into the females were measured to the nearest The number of eggs per female that 
marshes with a 6-inch gasoline-powered tenth of an inch. They were then hauled could be deposited in the marsh for each 
“Pumper Buoy” pump at the Pleasant in live tanks and immediately released of the years of this study was calculated 
Lake Marsh and a 12-inch Crisafulli into the marshes. As soon as spawning _ from a linear regression of the number of 

4 pump at the Pabst Marsh. had been completed, removal of all eggs versus the total length of the female.
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A 12-inch in diameter Crisafulli pump — The Pabst Marsh being filled by the Crisafulli pump. 
powered by a 40-horsepower electric 
motor used in filling the Pabst Marsh. 

1965). Both types of confidence limits for 
numbers of eggs produced reported by | 

—-— gq CF hmhmhmhmrmmmh—O—OO other researchers were also determined. 

| oe.  . 4 8... .§$§| : i 
6 a So llrrrr—~—~<Ssri iad posited in each marsh each. year was 

wee a the females in the marsh, and using the 
Fs | i «a linear regression, estimating the number 

re - rn J: limit) produced by an average female. 
<<. sll a. eg °° : inhi i | ra ae 3 1 This number was then multiplied by the 

; ee | a re eg , number of females stocked. 
a | rr ere we, | To estimate egg survival in the 

& _! i aa aan ‘oe oa | | | marshes, in 1972, fertilized eggs were 
r 2 | 6h lS : < .» 4 placed on one-foot-square nylon mats 

ey i a 4 which had been divided into two-inch 

— we Pe , Pat sd ag squares and covered with a plastic screen. 

a ye et the Pabst Marsh. An attempt to have five 
— ts. ; ro densities of eggs was made using 50, 100, 

oo Cl ee oe ~~ : In 1973, fertilized eggs were placed in 

a Me | Wee Pd iy 8.62-square-inch plastic petri dishes, pre- 
‘{ ae . 4 a) 9 pared for the study by cutting —_. XN ye 4.9-square-inch circular holes out of the 
Stocking the managed marsh with the spawning fish. tops and bottoms of the petri dishes, and 

glueing plastic window screen with a 
mesh size of 16 per inch over these holes. 
An attempt to have five densities of eggs 

Data for the regression were obtained by 10-ml displacements with the remaining was made by placing 32, 16, 8, 4 and 2 
using a volumetric method to estimate the eggs and the average number for each eggs in each of five different petri dishes 
number of eggs from the 27 females female determined in step one was used which would give egg densities of 3.7, 1.9, 
obtained from Fox Lake in March of instead of counting the eggs. A linear 0.9, and 0.5, and 0.2 eggs per square inch, 
1972, and measuring the females tothe regression was generated using the respectively. Six replicates of each of the 
nearest tenth of an inch in total length. estimates of the number of eggs and the five densities were placed in the marsh. 

These fish had an average length of 29.1 length of each of the 27 females. A 95 The petri dishes containing the eggs were 
inches with a range of 24.4 to 35.3 inches. percent confidence limit of the estimated suspended in the water just below the 
The number of eggs in each female was _— number of eggs from an average female surface by placing the dishes on wire 
estimated by first counting the number of whose length is equal to the mean length mesh screens which formed shelves that 
eggs that displaced 10 ml of water. This _— of the stocked fish was also calculated. were attached to steel stakes. There were 
procedure was done for six replicates for Furthermore, 95 percent confidence lim- five shelves on a stake, one for each of the 
each fish and an average and 95 percent its of the predicted number of eggs pro- egg densities. The condition of the eggs 
confidence limit were determined. The — duced by hypothetical females of several was checked on an average of every other 
second step was to continue to make lengths were computed (Mendenhall day. A visual assessment of viability was 9



made in the field on the basis of only of the stomach contents and length current, were captured before they 
opaqueness and presence of fungus. of the fish, but also of the composition of | reached the pumps. 

| zooplankton and benthic samples. A The production of northern pike 
sample printout from this program is _ fingerlings from the managed marshes 

Growth Determination shown in Figure 11, Appendix. The num- —_—was determined by making actual counts 
ber of each organism identified in each __ of every fingerling that was captured as 

| Approximately 25 northern pike fr fish, zooplankton, or benthic sample for the marshes were drained, except for a 
d Pr i y hich were w llected each date and each marsh was recorded _ partial estimate that was necessary at the ) 

an kl for ings i Ie 1 on IBM cards. For the fish samples, the Pleasant Lake Marsh in 1973 when the 
red y OF sromae st »illimet. - At fingerling’s length was also recorded. The marsh could not be completely drained. 
draining the number of Gch in the cam le program computed the arithmetic mean, After the counting of the fingerlings 
at th i asant Lake Marsh (1969-73) _ its variance, and its 95 percent confidence captured in the pen was completed, an 
att i f . . 6 to 375. 25] limit, frequency of occurrence, and per- estimate of those remaining in the marsh 
and « t the P b av Kii97 oD ) f ) cent of the total number of organisms. In was made by walking around the shore of 
348 t 37 5 “Th line - for the case of zooplankton and benthic the marsh and making counts of the 

th of the northerns reach marsh samples, it also calculated the numbers _fingerlings observed. The estimate used is 
Brow Iculated f h by us; per gallon and numbers per 100 square considered minimal since visual obser- 
were calcu an or Im er Z Gish f. an centimeters. When it was found through vations were limited to the immediate 
Proxima y equa ie » FL Pot nsi irom test runs of the data that a _ trans- shoreline. 
cach weeks samplc. Towever, any formation was necessary, this also was 
rey samples that I sme the oromth done by the program. Various groupings 

oe - ices of the data with respect to organisms, 

curve is not linear during this early period — gate, or size range of fish was also easily SAMPLING OF OTHER 
as will be shown later in Figures 5 and 6. — accomplished through the program. ORGANISMS | 
At the time of draining in 1972 and 1973, Counts of organisms in the stomachs : 

a subsample of the fingerlings measured — ad a distribution that was contagious 
_ were also weighed to the nearest gram. —_ since the variances for the counts of each 9 ZOOplankton | 

From these fingerlings that were both of the organisms on a given day were 

_ weighed and measured, a weight-length —preater than the mean. Therefore, a com- Three sampling stations were set up at 
equation and the 95 percent confidence mon log (x+1) transformation was used the Pleasant Lake Marsh from 1969 
limit for the expected weight of an av- (Elliott 1971). The geometric mean, per- through 1971 and one at the Pabst Marsh 
erage fingerling whose length is equal to cent of total organisms, percent  oc- in 1971. Weekly samples of 15 to 25 

the sample mean was derived. A common currence, and corrected mean (derived gallons of water were collected in a 
log transformation was used on the plus adjustment) were calculated by the 1.5-gallon bucket and strained through a 
lengths and weights so that they would be == computer program for each of the various number 10 plankton net and cup. 
linearly related. ; The numbers of fin- groupings of organisms. By using the 95 Samples were preserved with a 
gerlings both weighed and measured at —_— percent confidence limits, a conservative 10-percent Formalin solution or an 

| the Pleasant Lake Marsh in 1972 and ranking of the most numerous organisms Acetic-Formalin Alcohol (A.F.A.) 
: 1973 and at the Pabst Marsh in 1972 on a given day was made in view of the solution. Each sample was analyzed by 

were: 303, 74, and 59, respectively. Av- extreme variability of the food content. taking three subsamples of 3 ml each and 
erage weights of the fingerlings produced = Thus if the lower 95 percent confidence identifying all organisms. 
at the Pleasant Lake Marsh in 1969 _ jimit for an organism was higher than the In 1972, zooplankton samples were 
through 1971 were determined by using upper confidence limits for any other, it collected weekly and in 1973. twice | 
the weight versus length equation derived would be given a rank of one. The or- weekly. A Homelite (Model XLS. 

from the combined 1972 and 1973 meas- —ganism whose lower limit was above all A d toa Badger (Model 
urements at the Pleasant Lake Marsh. as ae ? 1A) pump connected to a Badger (Mode 

; . the remaining upper limits was given a 40) water meter was used to pump at a 
Average weights for the fingerlings pro- rank of two. If the confidence limits of rate of approximately 35 gallons per 
duced at the Pabst Marsh in 1971 were one organism overlapped with those of minute through a number 10 plankton 
determined by using the weight-length — another, they were each given the same _net and cup (Fago 1975). A route was 
equation from the 1972 Pabst data. By rank. followed from the center of the marsh to 
psing the average tenga of at fingerings the shoreline and then along the shoreline ring draining an 

the appropriate weight-lenath equation, Production Determination until approximately 400 gallons had been 
the biomass of fingerlings produced was pumped. The intake level was varied in 
estimated with its 95 percent confidence , - order to collect a composite sample from 

limit. The beginning date for draining the all depths. The samples were preserved in 
«marshes for the various years varied from A.F.A. solution and later analyzed by 
25 May to 8 June. At both marshes, the taking from six to ten subsamples of 3 ml 
center boards on the concrete dams were each. 

Stomach Analyses pulled and a wire mesh pen measuring 10 Counts from each subsample collected 
ft by 5 ft by 3 ft deep was placed near the by means of the methods used in 1969-71 

Weekly samples of approximately 25 —_ outlet to collect the fingerlings. In 1973 and 1972-73 were transformed using the 
northern pike were taken withadipnetor at the Pleasant Lake Marsh, due to the common log (x+1). Since the variances 
fine mesh seine and preser ved in a extremely high levels of water in the lake, of the counts were larger than the means, 
10-percent Formalin solution (Lagler most of the water in the marsh had to be — the - zooplankton would have had a 
1956). The fish were measured to the = pumped out. This was accomplished by _ contagious distribution, but with the 
nearest millimeter in total length. The _ placing the wire mesh pen in the marsh transformation, the counts were 
entire stomach contents (whole and about 10 ft in front of the dam and normalized. They were then converted to 
fragments ) of those fish whose stomachs _ building a coffer dam on either side of the | number per liter. The geometric means of 
contained at least one food organism were —_ entrance to the pen. The two 3-inch and —_—_— the subsamples for a day, 95 percent 
identified and counted. one 2-inch Homelite pumps were then confidence limits, percent of the total 

A Fortran computer program was de- _— placed between the two dams, and the organisms and corrected mean were cal- 
6 veloped that performed the analysis not fingerlings, which were attracted to the culated, using the computer program



previously described. The organisms were _leatherleaf bog at the Pleasant Lake — chemistries were performed cach year 
then ranked for each sampling day in Marsh, a new type of sampler was used in when the marshes were flooded and again 

relation to their 95 percent confidence 1972 that consisted of a core sampler just before draining to determine the 
limits. made from an aluminum pipe with an concentrations of the following: nitrite, 

inside diameter of 52 mm. Four sampling nitrate, ammonia, organic and _ total 
. stations were used at the Pleasant Lake nitrogen, dissolved and total phos- 

Benthic Fauna Marsh, and five at the Pabst Marsh. Two _ phorous, calcium, magnesium, sodium, 
samples from each station were taken potassium, iron, manganese, sulfate, 

Benthic samples were taken in 1971 weekly. Methods used to preserve and chloride, and conductivity. 

using an Ekman dredge (6 inches by 6 analyze the samples were similar to those In 1972, ten stations were established 

inches by 9 inches) with a five-foot steel previously described for the 1971 sample. at the Pabst Marsh and five stations at 

rod extension. Three stations at the the Pleasant Lake Marsh. Samples for 
Pleasant Lake Marsh and one at the complete water chemistries were collect- 

Pabst Marsh were sampled weekly and at ed weekly and analyzed at the Delafield 

each station four samples were taken and PHYSICALANDCHEMICAL Laboratory. After several weeks, the 
analyzed separately. Each sample was MEASUREMENTS number of stations at the Pabst Marsh 

preserved with A.F.A., to which approx- was reduced to five, and at the Pleasant 

imately 100 mg/| of the stain phloxine B Lake Marsh, to four (Figs. | and 4) since 
was added. Complete samples were later From 1969 through 1971 at the differences in water chemistries between 

washed in a number 35 screen, sorted, Pleasant Lake Marsh, four sampling sta- _ stations were found to be negligible. 
and identified. Since the counts of the tions, and in 1971, five stations at the In 1973, the same stations at the 

benthic organisms, like the zooplankton Pabst Marsh were sampled twice weekly Pleasant Lake Marsh were used as in 

samples, had a contagious distribution, a for dissolved oxygen, pH, alkalinity, and 1972. Station 3 at the Pleasant Lake 

common log (x+1) transformation was minimum-maximum temperatures. The Marsh was only sampled from 29 March 

used on the counts. They were then minimum-maximum temperatures  re- to 24 April 1973, since the floating mat 

converted to number per 100 square cm. ported represent the average minimum later made the readings meaningless. 

The geometric mean of the counts for all and maximum temperatures of the water During all years, a Taylor seven-day 

samples at a marsh for a given day, 95 on the bottom of the marsh at the various continuous thermograph was also used at 

percent confidence limits, percent of the stations since the last time the one of the stations at each of the marshes. 

total organisms, and corrected mean were thermometers were checked. The average In 1972 and 1973, a combination of the 

calculated for each of the major temperature of the dissolved oxygen Yellow Spring (Model 51A) dissolved 

groupings of organisms. samples that were taken at the water oxygen analyzer and the Winkler method 

Since the Ekman dredge was unable to —_ surface was also determined. Dissolved were used to determine the dissolved 

penetrate into the dense mat of grass oxygen was determined using the oxygen levels twice weekly. 

roots at the Pabst Marsh or the Winkler method. More complete water 

HT RESULTS AND DISCUSSION yx 

SPAWNING STOCK 

The time of stocking varied from 16 
March to 5 April for the various years. 
Yearly averages for the total length of the 5 ; : 

females ranged from 20.3 to 31.5 inches } 

with an average of 21.8 inches. The f 

corresponding weight of females stocked : 
ranged from 2.3 to 9.0 lbs. with an i 

average of 4.7 lbs. The stocking rates of , 

females ranged from 10.4 to 14.3 I 

Ibs/acre during the study, averaging 12.1 x f 

Ibs/acre. The numerical ratio of stocked ‘ 

males to females varied from 2.8:1 to : , 

4.0:1 for the various years and averaged a * . : er F 

3.2:1. The yearly averages for the total ; “ ‘ ine 

length of the males ranged from 13.2 to aes ; . 

22.2 inches with an average of 18.7 inches ‘ ; : een ‘ 

(Table 1). : a a 
McCarraher (1957) and DiAngelo ee ve 

(1961) used a stocking rate of 5 oe onl 

females/acre and 2 males for every a | a sees 

female. Royen (1971) used between 15 : : : 

and 32 pounds of female/acre of marsh 
and 1.6 to 2.4 males per female but found An adult northern pike spawner in the Pleasant Lake Marsh. 1



no relationship between number of 
females stocked and number of 
fingerlings produced. Jarvenpa (1963) TABLE 1. Northern pike brood fish stocked in managed spawning marshes. | 

reported stocking rates of 3.6 to 20 Statistics Grouped by Planting Year and Date pounds of female/acre and two males for  Pigasant Lake SSCS aba 

every female. 1969 1970 1971 1972 1973 1971 1972 
| Stocking Statistic (3/28) (4/3) (4/1) (4/5) (3/16) (4/2) (3/30) 

EGG DEPOSITION Number of females 18 19 16 7 5 91 40 
No. females/acre 49 5.1 4.3 1.9 1.4 4.9 2.2 

The linear regression for the number of inches) of Females 21.2 23.7 21.3 286 31.5 20.3 27.4 
eBes versus the total lenin of the Avg. Ibs/female 23 * 29 55 9.0 29 56 
b= 4417 L _ 62,555 where E is the Lbs female/acre 1.2 * 125 104 122 143 124 — 
number of eggs and L is the total length Total no. eggs (x 1000) 560 800 504 446 383 2,467 2,339 
of the female in inches. The estimated 95% confidence limit** 7 7 7 6 6 7 6 
number of eggs of each of the 27 females Number of males 5053 56 28 ~= 15 273-136 
used to generate this regression had an Avg. length of males | 
average 95 percent confidence limit of (inches) 18.0 15.5 18.7. 22.2 21.7 13.2 21.7 
*1.9 percent. The size range of the Avg. Ibs/male * 09 20 24 23 05 23 

| witha meant 29 inches Fowegen tines Ratio of males to females 2.8:1 2.8:1  3.5:1 4.0:1 3.0:1  3.0:1 3.4:1 

not highly significant when compared to * Weights not taken 
the 95 percent confidence limit of the **In percent of mean 

. number of eggs expected from the linear 
regression of an average female, even 
when its length is the same as the sample : 
mean. This confidence limit of the ex- 
pected number of eggs was + 6 percent. | | 
Other researchers’ equations, with my 

| calculations of their 95 percent con- 

fidence limits of the expected number of Draining the Pleasant Lake Marsh in order to collect the northern pike produced. 
eggs from an average female are: Smith, a ey a ee ae ee Franklin, and Kramer (1958), As ame 2 eee ieee 
cent) based on a sample size of 6 fish; A eg ec es ere ee 

generate confidence limits), based on a CEES Sg! SSR ee 

cent), based on a sample of 30 fish; and F Sie 4 ; ae 
Priegel and Krohn (1975), E = Poo gas ci i .+=«jéO| a ode 

based on a sample of 11 fish. ae By using the regression generated by sg 8 | 

1973 to 800,000 in 1970 with an average riers: 9 SS h|lrhrmrmté~<—~—ESS 

respectively (Table 1). These estimates ——- | i:  #gf 

If one wanted to predict the number of Boor ag y iy te 
eggs of a particular female northern for me aS Hamme 

about + 31 percent, as compared to the es ll _t—é—‘— *=CS 
£6 percent for an average fish, as pre- oo. ee | 9 

limits calculated for other researchers’ ey J a” 

(Smith, Franklin, and Kramer 1958); SS ee 

8 percent (Priegel and Krohn 1975). oe 22a



TABLE 2. Northern pike fingerling production from the Pleasant Lake and Pabst managed marshes 
(95 percent confidence limits shown in parentheses). | 

| Production Figures Grouped by. Year and Draining Date | . 

Pleasant Lake Pabst 

1969 1970 1971 1972 1973 1971 1972 
_ Production Figures (6/3-7) (6/8-11) (6/1-4) (5/25-26) (5/29-6/2) (6/7-13) (5/30-6/3) 

Total number fingerlings 3,730 1,200 2,000 12,000 9,150*** 12,600 19,460 
Percent survival 0.67 0.15 0.40 2.69 2.39 0.51 0:83 
Number/acre 1,009 324 541 3,243. 2,473 681 1,052 
Avg. length (mm) 91(41.5) 81(42.3) 100(45.1) 70(4+1.2) 78(41.2) 96(42.3) 108(41.4) 
Length range (mm) 41-137 38-125 41-155 53-131 48-130 48-173 38-152 
Avg. length (inches) 3.6(+.05) 3.2(411) 3.9(+.24) 2.8(+.05) 3.1(+.05) 3.8(+.11) 4.3(+.05) | 

| Avg. weight (g) 4.6* 3.1* 6.2* 1.9 3.0 4.7** 6.3 
Lbs/acre 10.1* 2.2* 7.4% 13.6 16.1 7.0** 14.6 

*based upon length vs. weight equation derived from 1972 and 1973 Pleasant Lake Marsh data. 
**based upon length vs. weight equation derived from 1972 Pabst Marsh data. 

*** only 6,650 actually counted (see text). 

FINGERLING PRODUCTION | 

is one of the few researchers who took Croix Park pond in 1962 in Minnesota 

Survival weights of the northern pike produced = ( Jarvenpa 1962) (Table 3). Therefore, 
from his managed marshes. He reported the 2.39-percent survival to an average 

The best overall production from either weights of 6.8, 3.2, and 6.1 Ibs/acre for length of 78 mm (3.1 inches) in the 
marsh for any of the years studied was in  "°Fthern pike produced in each of three = pleasant Lake Marsh in 1973 was 
1973 at the Pleasant Lake Marsh when a years in which a managed marsh was extremely high. 
total of 6,650 northern pike fingerlings studied. A multiple regression was run with the 

- were counted. In addition to this count, It was evident in all years, especially number of fingerlings per acre as the | OS 
an estimated 2,500 fish emigrated from 1973, that the fingerlings were notable to | dependent variable and the average 
the marsh after the pumping was stopped, make use of the mat area in the center of length of the fingerlings at the time of 
for a total production of approximately = the Pleasant Lake Marsh once the mat. draining and the number of eggs de- 
9,150 fingerlings (2,473  fish/acre). had floated to the surface, near the end of posited per acre as the independent 
These fish averaged 78 mm +¢ 1.2 mm April. Since the leatherleaf comprises variables using sixty marsh-years of 
(3.linches + 0.05) witha length range approximately 50 percent of the area of managed spawning marsh data from a 
of 48 to 130 mm (1.9 to 5.1 inches) the marsh, the production on an acreage combination of work done in New York, 
(Table 2). This production in 1973 rep- basis could actually have been as high as Michigan, Minnesota, Nebraska, and 
resents a 24-percent decline in the num- 32.2 lbs/acre (36 kg/ha). Wisconsin (Table 3). This regression had 
ber of fingerlings produced over 1972 The percent survival of the estimated a multiple correlation coefficient of only 
(which averaged only 70 mm), but number of eggs deposited to the number 0.313. The r? value of 0.10 suggests that 
nevertheless a 93-percent increase over of fingerlings produced from the two many other factors may also have 
the average number produced for the study marshes varied from 0.15 to 2.69 affected production. Intuitively, one 

: previous four years. The weight (and 95 (Table 2). However, it must be would expect factors such as water 
percent confidence limits in parentheses ) remembered that the confidence limits on temperature and food supply to influence 
of the fingerlings averaged 3.0 grams the estimated number of eggs deposited the numbers of fingerlings produced. 
(+2 percent) [0.104 ounces ( *2 per- can be significant (see earlier discussion It must be remembered when making 
cent)] and amounted to 16.1 Ibs/acre of Egg Deposition). Other researchers conclusions from this analysis that the 
(=2 percent) [18.0 kg/ha (22 per- have reported survival rates as high as regression is subject to any biases in 
cent)].. This represents an 18-percent 29.25 percent from Mission Lake Pond techniques of estimating the number of 
increase in pounds per acre over 1972 Number 1 in 1962 in Minnesota eggs, in counting or estimating the num- 
production, and a 93-percent increase (Jarvenpa 1962) and 6.6 percent from ber of fingerlings produced, and in 
over the average pounds per acre for the Lower Townline Lake in Michigan estimating the average length of the 
previous four years (Table 2). This (Williams 1963); however, the average fingerlings. Thus, it is possible that one or 
seemingly paradoxical increase in pounds length of the fingerlings produced was both of the independent variables may be 
per acre with a decrease in the number of only 51 and 66 mm, respectively. The highly influential in determining the 
fingerlings for 1973 is explained by the 58 highest percent survival reported from a numbers of fingerlings produced but is 
percent increase over the average weight marsh for fingerlings averaging 76 mmor masked by one or more of the errors and 
of the fingerlings in 1972. Forney (1968) larger was 1.63 percent from the St. biases mentioned. 9



TABLE 3. Northern pike fry and fingerling production from managed spawning and rearing marshes in six states. 

_ Fingerlings 
_ Marsh Size Range 

Size Eggs Deposited Average (mm) 

Location (Acres) Year Acre(X 1000) No.PerAcre Length(mm) Min. Max. % Survival Reference 

New York . 

, Oneida Lake 7.3 1964 151 6,181 36 18 4.1 Forney (1968) 
1965 171 5,554 oy 36 18 3.2 

. 1966 92 2,557 ™46 18 2.8 

Michigan | 

Houghton Lake w4 1939 1,006 1,810 0.18 Carbine (1941) 

. (Peterson’s Ditches) 1940 $23 374 0.07 
. 1942 451 232,000 0.44 

Townline Lake (Lower) 4.2 1958 60 3,976 66 48 99 6.6. Williams (1963) 
1959 21 425 $1 33. «79 2.0 
1960 490 196 . 30 18 46 0.04 
1961 6,262 30 

Ostego Lake 31.0 1959 72 — 43 69 36 ©6132 0.06 
1960 28 1,242 58 41 112 4.4 

; 1961 84 3,027 58 23 114 3.6 
1962 470 470 79 33. 142 0.1 
1963 162 1,459 43 25 84 0.9 

Rose Lake 2.0 1961 2,067 48 DiAngelo (1961) 
Halls Lake 10.0 1961 . 1,983 43 
Crooked Lake (Lower) 1.9 1961 1,132 56 
Bertha Lake 0.5 1961 237 56 
Schoolsection Lake 3.2 1961 2,329 41 
Townline Lake (Upper) 8.0 1961 1,059 38 
Eagle Lake 7.0 1961 553 46 

Minnesota 

L.W.L.A. Pond #1 20.0 1962 180 6,679 51 3.71 Jarvenpa (1962 & 
1963 5,957 2,740 - 25 51 0.046 1963) 

Mission Lake Pond #1 20.0 1962 100 29,205 $1 29.25 
“1963 998 4,293 25 76 0.043 | 

St. Croix Park Pond 5.0 1962 209 3,400 76 1.63 
1963 10,213 9,600 0.094 

St. Paul Pond #4 0.5 1963 14,286 2,000 0.014 
Sabre Lake 5.0 1962 297 1,100 . 51 0.37 

1963 25,000 25 38 0.0001 
Waterville Pond #2 9.0 1962 407 2,567 64 0.63 

1963 17,600 352 51 0.002 

Rose Lake 2.0 1963 14,286 1,000 38 $1 0.007 
Whitehead 4.5 1963 4,010 3,689 51 102 0.092 

Hutchenson Pond 11.9 1963 981 1,079 — 89 0.11 

Shetek Pond #1 10.2 1962 120 24 76 0.02 
1963 8,333 5 32 44 0.00006 

Shetek Pond #2 7.4 1962 171 24 89 0.014 
Jacobs Pond 2.0 1962 107 630 $1 0.59 

1963 8,685 1,737 56 0.020 
Cannon R. (1.W.L.A.) 1.0 1962 258 103 76 0.04 

1963 §2,250 1,045 38 0.002 
Pine Island Lake . 2.0 1963 8,250 495 86 0.006 
Laitimer Lake Pond 2.0 1962 1,883 3,578 25 38 0.19 

a 1963 8,750 350 89 0.004 
Ann Lake 1.0 1963 12,763 5,616 46 0.044 

Wilkoske Pond - 2.0 1962 1,129 10,500 64 0.93 

Harriet Lake 17.0 1962 63 2,056 64 3.25 

Fox Lake 4.5 1962 67 447 127 0.67 

Kiester Pond 30.9 1962 24 184 127 0.76 

Lieuna Lake 10.0 1962 124 21 0.017 

Miss. River (Brainerd) 20.0 1962 55 11 102 0.02 
Coyote Creek 20.0 1962 75 3 0.004 

Phalen Pond 2.9 1965 375 £973,000 0.8 Bryan (1967) 

Lake George 9.0 1955 9377 Franklin & Smith (1963) 

1956 234 $310,327 4.62 
1957 152 455 0.30 

Nebraska 

Valentine Pond A 2.6 1955 57 1,885 43 3.3 McCarraher (1957) 

Valentine Pond B 1 1955 58 1,946 58 3.3 
Valentine Pond C 1 1956 330 1,700 66 38 ~=—so79 0.5 

Valentine Pond D 1.5 1956 160 3,367 38 2.1 

Bluestem 325 1971 45 51 104 Morris (1974) 
1972 88 38 117 
1973 261 38 91 

Wisconsin 

Lake Ripley 10 1964 174 70 53 0.4 Kleinert (1970) 
1966 $33 52 48 0.1 

Pleasant Lake 3.7 1969 151 1,009 91 41 137 0.67 Present study 
1970 216 324 81 38 124 0.15 
1971 136 541 99 41 155 0.40 
1972 121 3,243 71 $3 132 2.69 
1973 104 2,473 79 48 130 2.39 

Pabst Marsh 18.5 1971 133 681 97 48 173 0.51 Present study 
1972 126 1,052 109 38 152 0.83 

South Dakota 

North Dimock 0.5 1957 3,260 — 43 Boussu (1958) 
South Dimock 0.4 1957 2,285 43 
Hanson 0.3 1957 22,600 43 
Clear 4.1 1957 292 91 
French 1.6 1957 No est. 69



Growth 

The linear regression for growth of the 
fingerlings in 1969 through 1973 in 
Pleasant Lake Marsh is: 

L =-245.1 + 2.12 § 
EL =—381.2 + 2.94 § 

L =-313.8 + 2.69 § 
L =—433.7 + 3.42 § 

and 
L =-—233.8 + 2.05 § 

where L is expressed in millimeters and S 
in day of the year. The equations for FIGURES. Grow "v rthern pi a F | 
growth at the Pabst Marsh in 1971 and Lake mana ved sp monn ves of navihern , ike fingerlings in the Pleasant 
1972 are: 

L =—308.4 + 2.59 § 
and | 

L =—469.8 + 3.74 § 100 | 

Figures 5 and 6 show growth curves and 
indicate that the fastest to the slowest | 
growing fish were: 1972 Pabst; 1972, | 390 | 
1970 and 1971 Pleasant Lake; 1971 A | 
Pabst; 1973 and 1969 Pleasant Lake fish, | 
respectively. Northern pike from the 
Pleasant Lake and Pabst Marshes had 80 
average growth rates of 2.64 and 3.17 4 
mm/day, respectively. Forney (1968) 
reports growth rates of 2.4 mm/day for — : : 
fish over 20 mm in length from his | | 
managed marsh. Franklin and Smith 70 
(1963) give growth rates that range from = 
0.5 to 2.3 mm/day depending on what € | 
portion of the growth curve is considered wo | : 
for the northern pike fingerlings from © 60 ° 3 
their marsh. Bryan (1967) found growth = & | 
rates of 0.67 mm/day; however, this was e " 

only for fry up to approximately 22 mm td e | | 
in length. Carbine (1941) reports an Z 50 
average growth rate from his marsh of Le | | 
approximately 2.6 and 1.6 mm/day for Li | 
fish over 20 mm in length during two O 
years studied. Thus, the growth of 3.74 of 
mm/day at the Pabst Marsh in 1972 is © 40 a 
the highest rate reported. However, all of < 

these rates are approximations since the — O 
hatching period of eggs occurs over an | 
extended period and therefore the exact 30 
age of a particular fish in a marsh is never | 
known. | 

The length of the fingerlings at the 
time of draining at the Pleasant Lake and 20 O 1969 
Pabst Marshes ranged from 38 to 173 @ 1970 ) 
mm (1.34-6.10 inches) (Table 1), with OA 
annual averages of 70 and 108 mm, 4 D197| | 
respectively. A |972 

The weight-length equations for the lO 01973 
fingerlings from the Pleasant Lake 
Marsh in 1972 and 1973 and Pabst | 
Marsh in 1972 are: 

0 

W =1.92 x 10° L >?” I5 20 25 30 5 0 1 20 2 31 5 0 
W =22.08 x 10° L*™ APRIL MAY JUNE | 

w = 395% 108 12 TIME 

| 1



W =2.2 x 10°L* 
| | W =759xX 10° L 7? 

and 
| O W =66 x 10°L 7 

loz. 

for the years 1955 through 1957, 
respectively, from their Lake George 
study. Lake George, Pleasant Lake, and 

100 Pabst marshes are all in relatively close 
agreement when the 95 _ percent 

@ confidence limits are taken into account | 
-with the possible exception of the 1957 
equation from Lake George. 

90 

| @ 

_ FACTORS THAT AFFECT 
E 20 : FINGERLING PRODUCTION 

, Y) . 

S | L, Stocking Rates 
_J a 
or 70 | : The relationship between the stocking 

cS) rates of spawners and the optimum 

<= production of northern pike fingerlings in 
Li | the Pleasant Lake or Pabst marshes, was 
Ls 60 not quantitatively defined, nor has it been 

| defined by other researchers in this field. 
z= However, it is my thought that the female 
©) spawners should preferably be large 

: < | (over 25 inches) so that fewer are needed 
-} 50 O | to supply the necessary eggs. This reduces 

the number of males needed, and also 
| reduces the total number of spawners | 

which need to be removed after spawning. 
| e Based on stocking rates cited in the 

40 literature and those used at the Pleasant 
| Lake and Pabst marshes, the females 

should probably be stocked at a rate of 10 
O to 15 Ibs/acre and the number of males 

30 0 1971 (at least 20 inches in total length) should 
| be two to three per female. All spawners 

7 @ 1972 should be removed from the marsh as 
O @ | soon as possible after spawning has been 

| completed to prevent predation on the 

20 young. 

O 

° Aquatic Vegetation 

10 The dominant aquatic vegetation in the 
2a 30 5 lO 15 20 2 Sl S lO Pleasant Lake Marsh was leatherleaf, 

APRIL MAY JUNE which occupied the center of the marsh. 
TIME However, cattails and a few patches of 

sedges occurred along the perimeter of 
the marsh. At the Pabst Marsh, reed 
canary grass occupied over 99 percent of 

FIGURE 6. Growth curves of northern pike fingerlings inthe | the marsh’s area. The use of different 
Pabst managed spawning marsh, 1971-72. vegetation types and the survival of eggs 

on these types was not measured due to 
the lack of manpower needed to make a 
statistically sound assessment. However, 
spawning activity was dominant in the 
Pleasant Lake Marsh along the edge of 

where W is expressed in grams and L in to estimate the weights of the fingerlings the marsh in the dense mats of dead 

millimeters. All had an average £95 produced at Pleasant Lake between 1969 _— sedges and cattails. 
percent confidence limit of +2 percent and 1971 is W = 2.14 x 10°L *” Other researchers such as McCarraher 
and correlation coefficients of 0.93, 0.86, with a 95 percent confidence limit of 2 | and Thomas (1972) have reported that 
and 0.94, respectively. The weight-length percent and a correlation coefficient of | mowed hay or broken hay bales were 
equation of the combined 1972 and 1973 0.92. Franklin and Smith (1963) give attractive to spawning northern pike. 

12 Pleasant Lake Marsh data that was used equations of: Carbine (1941) stated that northern pike



in the drainage ditches flowing into — estimated survival at 77 percent if a and 5 give the rank, percent of the total 
Houghton Lake used marsh grass, __live-to-dead egg ratio is used, and at 18 for a day, and numbers per liter for 
Calamagrostis canadensis, for spawning. percent if a population estimate based on Cladocera, Copepoda, Ostracoda, and 
Forney (1968) has reported northerns — the number of eggs and fry per square Insecta at Pleasant Lake and Pabst 
spawned on seeded plots of winter wheat — foot in the marsh is used. He calculated marshes ‘for the various years of this 
as well as natural vegetation consisting of '— that, with his later method, both the study. A complete breakdown of organ- 
grasses (Spartina), sedges (Carex), and estimates of the numbers of eggs and fry isms, giving 95-percent confidence limits 
water plantain (Alisma). Fabricius and __ per square foot had a standard error of for each estimate is provided in Table 13 
Gustafson (1958) also found that pike about 20 percent. in the Appendix. This table clearly shows 
preferred spawning over meadows of The problem with using a live-to-dead the wide confidence intervals about the — 
sedge grasses. Priegel and Krohn (1975) egg method to determine egg survival is estimated population densities of the in- 
are still other researchers who believe _ that it does not take into account loss of dividual organisms. A number of 
that pike prefer dense mats of sedge and eggs from predation, or rapid decom- researchers have reported on_ their 
wild celery for spawning. position. Those who have used this meth- samples of the plankton and insects in a 

It would seem from these observations od in the past have also failed to report northern pike spawning marsh. However, | 
that the most suitable vegetation for a confidence limits about their estimates. no one has published a statistically sound 
spawning marsh would be a sedge or Thus, there is a great deal of work that picture on a quantitative basis of in- 
grass type that forms a mat beneath the is still needed, first, to obtain better dividual groupings of these populations 

surface to which the eggs can adhere, — estimates of survival rates of the eggs in over the period of approximately two 
thus keeping them out of the bottom the marsh; and second, to design months that the pike are present. 
sediments where the dissolved oxygen experiments to determine the factors 
levels are low. which influence their survival. 

Benthic Fauna. The core sampler used 
in 1972 was able to penetrate the dense 

Egg Survival Food Supply mat of grass roots at the Pabst Marsh and 
the floating mat at the Pleasant Lake 

In 1972, less than one percent of the Zooplankton. Analyses of the zoo- Marsh. The Eckman dredge which was 
artificially fertilized eggs placed onnylon __ plankton samples collected between 1969 used in 1971 was unable to do this, thus 
mats in the marsh hatched. The cause or and 1971 indicate that the zooplankton the samples collected were not repre- 
causes of mortality could not be had a spatial dispersion that was sentative of the benthos. Therefore, a 
determined, but high siltation on the eggs contagious, since the variances were usu- | comparison between years was not at- 

and the related blockage of dissolved lly greater than their means (Elliott tempted. os ; f th 
oxygen into the eggs probably were 1971). Since a sampling scheme that b A ie eS no berneon ° i . 
influential. would have allowed differences between jee "e ‘led. in h etween ‘onif Ing 

In 1973, mortality of artificially | stations to be determined was beyond the ffe ane d to s ‘he ide one dens , 
fertilized eggs was 100 percent, and the manpower available, one sample that J s abou he to the inbe of ! h of 
causes were again indeterminable. The strained a much larger volume of water limits a out the mean numbers of each o 
eggs were placed in the petri dishes on 22 and sampled a greater number of habitats the species for a sampling date (Tables 6 
March, and by 25 March most of theeggs —_in the marsh was used in 1972 and 1973. and 7). A tremendous Increase 1 the 
looked unhealthy. Most of the eggs had _— This, hopefully, would give a fairly good number of sampling stations and the 
started to develop, but never went much _ estimate of the mean populations of number of samples taken at each station 
farther than the formation of a zooplankton in the marsh on a sampling would be required in order for this type of 
blastodermal cap. By 1 April, over 95 date. However, in both 1972 and 1973, vas. bevon a pe made. be however, 
percent of the eggs were opaque and due to the problems associated with was beyond the who bh . work. d on | 
fungus was present. Some possible causes § subsampling of the strained zooplankton Other researchers who ke worked on 
for the mortality include toxicity of | sample, variances of the counts between managed northern pike d Spawning 
materials used to hold the eggs, low subsamples on a given day were greater marshes have Poth nen fa a 
dissolved oxygen levels immediately | than the mean. One of the major prob- - feet genic. *F t kh ent nd Keay n 
around the eggs due to insufficient flow of | lems involved filamentous algae, which act, smith, th fer he i veted 
water through the petri dishes, injury due — were also collected in the zooplankton (1958) ar tT ber oe “ay "Th cone 
to handling, and low water temperatures. sample, trapping large numbers of hit! ‘YPE of benthic ve a th, there 1s | 
Survival of the eggs naturally deposited § zooplankton and insects and causing a aig in Oren k foc dj vo habj in Te- 
in the marshes during 1972 and 1973 clumping effect. This resulted in the an to io ern pike tee onl y Its. di 
must have been relatively high, since very — distribution of zooplankton in the storage b aes i at 07) were my ber of 
large numbers of fingerlings were jar also having a contagious distribution. th Culic dn. vp di edid, om 1D . 
produced (Table 2). In order for comparisons to be made ti © d ° fa s M a ! ot the a 

There has been little quantitative work | between sampling dates, a common log Trichor amules. Members oF ime or he 
on the survival of eggs in a marsh. (x+1) transformation was used on all Ples elk Mar. h but very in the 

Carbine (1941) had estimates of the samples from 1969 through 1973. These P LM sh Tabl. ‘ ya] oi in the 

survival of the number of eggs deposited | problems made comparisons of Zzoo- aost Marsh. 1a rth an b BIVe 1 00 

to emigration of the young that ranged _— plankton populations between marshes, aint "98 of the vont; den an t 

from 0.07 to 0.44 percent. Franklin and = sampling dates, and years very difficult, for an n ‘ . percent contidence fo s 
Smith (1963) had estimates based ona __ since the 95 percent confidence limits or eae Pa t di "thes b eee art he or 
live-to-dead egg ratio of the survival to _ about the means were usually very wide. Sashes ro m © en ‘ed att he 
hatching of the number of eggs deposited The average ranking for 1973 at the copul Cs. joe te hog On ne 

that ranged from 63.6 to 89.6 percent. Pleasant Lake Marsh for the four major ach nen 9 Srcsn ° fd, mit is 

Bryan (1967) estimates the survival of groupings of organisms collected is given with t 7. bl Lyrae ot } dix tmnt Is 

the eggs to hatching at 90 percent. He in Figure 7. Copepoda, principally 5'¥°0'" © e 141n the Appendix. 
used a live-to-dead egg ratio to obtain his | Cyclops sp., dominated the sample until 
estimate from the eggs he collected from the end of May when Cladocera, 
the marsh. Forney (1968), in his work on __ principally Chydorus sp. surpassed the Stomach Content. By using the 13 

the survival of eggs to the fry stage, numbers of Copepoda collected. Tables 4 ranking method, stomach samples in-



dicate that the northern pike fry ate | } 
predominantly Copepoda (mostly Cy- 
clops sp.) the first two weeks after INSECTA OSTRACODA 
hatching. From the second week through 
the sixth week, Insecta (mostly 
Chironomidae) were the most numerous | 
in the diet of the fry, with Cladocera | 
(mostly Ceriodaphnia sp. and Sca- 
pholeberis sp.) also being important. z 3 

In our study during the sixth week, ao : 
northern pike were one of the most im- | 
portant food items in the diet of other | 
fingerlings, in terms of biomass (Fig. 8). 3 
Cannibalism was verified to have | 
occurred in northern pike as small as 38 , a ps 
mm in length. Hunt and Carbine (1950) 5 1 15 20 25 30 5 10 15 20 25 30 5 10 I5 20 25 30 5 10 I5 20 25 30 

report it occurring at 21 mm. Attempts of APRIL wy APRIL MAY 
one northern pike trying to capture and . 
eat another were often observed in this : 
study. However, attempts were many | 
times unsuccessful, which left the prey 
injured and possibly dying without being CLADOCERA COPEPODA 

| of nutrient value to the surviving fish. The 
effect of this on the northern pike pop- | 
ulation size as a whole, however, was not | | 
quantitatively assessed. Bryan (1967) 
noted similar cannibalism, but also was 

unable to define its effect on the pop- x 
ulation size. Franklin and Smith (1963), o 2 
however, found the incidence of can- | | 
nibalism very low. 

McCarraher (1957) found that 3 
northern pike up to 1.2 inches in length 
fed primarily upon Copepoda, upon 
Odonata and Tendipedidae when the fish 5 10 5 20 25 30 5 10 I5 20 25 30 5 10 I5 20 25 30 5 10 |I5 20 25 30 

were 33 to 66 mm, and upon fish after APRIL MAY APRIL MAY 
they were over 66 mm. Franklin and TIME TIME 

| Smith (1963) noted that for pike up to 
119 mm in length, Cladocera (especially | | 
Daphnia sp. and Ceriodaphnia sp.) were 
an important food item. They also stated FIGURE 7. Average change in the insect and zooplankton composition | 
that Copepoda (mostly Cyclops sp.) in the Pleasant Lake Marsh, 1973. 
were important in the diet up to the time | 
the northerns reached 45 mm, after 
which Hyalella sp. dominated. They 
found Tendipedidae larvae and Ephe- _ 
meroptera and Zygoptera nymphs also 
important food items after the fish had pike fry and fingerlings through the : 
reached 20 mm or more in length. Both method of electivity indices (Ivlev 1961) Physical and Chemical 
McCarraher and Franklin and Smith was intended. However, the problems Factors 
found Ostracoda seldom utilized, which already discussed with the zooplankton 

' basically agrees with the Pleasant Lake and benthic samples and their respective Adequate data are not available for 
and Pabst Marsh data. Bryan (1967) wide confidence limits also occurred with predicting the critical values of dissolved | 
states that northerns up to 18 to 19 mm the analyses of stomach content and oxygen and temperature with respect to 
fed mainly on plankton (chiefly Daphnia precluded use of this analytical tech- time on northern pike eggs, fry, and 
sp. and rotifers) after which time nique. The problems associated with fingerlings. Even though dissolved’ | 

Tendipedidae became increasingly more obtaining a reliable picture of the fluc- | oxygen levels reached very low levels 
important. Frost (1954) found in Lake tuations in densities of the various or- (below 3 ppm) during the rearing period, 
Windermere that northern pike under 35 ganisms can be more clearly seen in Table no significant mortalities were observed 
mm fed predominantly on Entomostraca 15 in the Appendix. This table gives a (Table 10, Appendix). However, during 
(principally Cladocera) while fish from complete breakdown of the estimated draining, dissolved oxygen levels fell be- 
35 to 200 mm fed primarily on perch fry. population densities and their 95 percent low 2 ppm, and toward the end of the 

Tables 8 and 9 give the rank, the confidence limits for each organism. draining period, significant mortalities 

percent of the total number of food When this table is used in conjunction amounting to approximately 32 and 20 
organisms present in all northern pike with Tables 13 and 14, the problem of percent of the total production in the 
stomachs in which food organisms trying to calculate meaningful electivity | Pabst Marsh in 1971 and 1972, re- 
occurred for Cladocera, Ostracoda, indices becomes apparent. Although a spectively, occurred. However, high wa- 
Insecta and fish (northern pike number of researchers have done some __ ter temperatures in the high 70’s and even 
fingerlings) at the Pleasant Lake and work on selection of particular food items | up to the mid 80’s were reached and 
Pabst marshes for the various years of the by northern pike fingerlings in a marsh in stranding of the fingerlings in the marsh 
study. relation to their food supply, a sound at the time of draining in both years may 

14 Analysis of the food habits of northern statistical approach is still needed. have actually been the most significant



TABLE 4. Zooplankton analysis at the Pleasant Lake marsh in percent of total organisms and numbers 

per liter for each date, 1969-1973. 

Cladocera Copepoda Ostracoda | Insecta Total 

Date Rank %T. No./1 Rank %T. No./l Rank %T. No./I Rank %T. No./l No./I 

1969 | 

8 April 2 4.4 1.6 1 88.6 32.0 2 7.0 2.5 36.1 
, 15 April 2 1.6 1.7 1 90.0 94.6 2 8.4 8.8 105.1 

22 April 2 2.7 3.9 1 90.0 126.5 2 7.2 10.1 140.5 
29 April 2 10.5 17.9 1 83.4 142.0 2 6.1 10.4 170.4 

6 May 1 22.2 30.2 1 64.0 86.8 1 13.8 18.7 135.7 
13 May 1 51.6 88.4 1 43.5 74.5 2 4.8 8.3 171.2 
21 May 1 74.6 258.9 2 24.0 83.4 3 1.4 5.0 347.2 

| 1970 | 

21May 1 38.3 34.3 1 58.8 52.7 2 29 26 , 89.6 | 
26 May 1 29.2 15.7 1 68.9 36.9 2 1.8 1.0 53.6 
28 May 1 $7.1 $7.9 1 41.1 41.7 2 1.9 1.9 101.5 
4June 1 57.6 27.4 1 35.8 17.0 1 6.6 3.1 | | 47.6 

1971 | 

29 April 1 5.9 0.9 1 82.9 12.9 1 10.1 1.6 10.5 
4May 1 15.9 0.2 1 53.1. 0.8 1 13.0 0.2 1.5 

11 May 1 40.8 2.3 1 22.0. 1.2 1 15.8 0.9 5.6 
| 18 May 1 44.6 3.6 1 30.8 2.5 1 14.1 1.1 8.1 , 

- 24May 1 79.8 30.2 2 14.2 5.4 3 4.5 1.7 37.9 

1972 | | | 

4May 2 18.4 6.9 1 67.4 25.1 2 13.9 5.2 3 0.3 0.1 37.3 | 
12May 2 19.7 5.5 1 72.6 20.2 3 7.1 2.0 4 0.6 0.2 27.8 
18 May 2 23.2 47.5 1 75.5 154.4 3 0.7 1.4 3 0.6 1.1 204.5 
23 May 1 89.1 239.7 2 9.7 26.2 3 0.8 2.0 3 0.4 1.1 269.0 

1973 | | 

5 April 2 2.4 1.0 1 89.7 34.9 2 6.0 2:3 2 0.9 0.4 39.0 
11 April 2 7.0 1.3 1 86.3 15.6 3 4.2 0.8 3 2.3 0.4 18.1 
17 April 2 9.4 6.2 1 71.3 47.2 #2 18.1 12.0 3 1.1 0.7 66.3 
19April 2 17.1 7.5 1 67.6 29.6 2° 12.6 5.5 3 2.1 0.9 43.8 
26 April 2 27.7 8.7 1 52.7 16.6 2 15.5 4.9 2 3.8 1.2 31.4 

| 30 April 1 20.5 3.8 1 42.4 7.9 1 26.8 5.0 1 9.4 1.7 18.6 
3May 3 2.4 1.5 1 84.0 53.3 2 7.5 4.8 2 5.9 3.8 63.4 
7May 1 29.3 37.2 1 63.4 80.4 3 1.4 1.8 2 5.7 7.2 126.9 | 
10May 2 20.6 27.4 1 75.9 101.2 4 0.7 0.9 3 2.8 3.8 133.3 
14May 2. 24.4 11.3 1 71.1 33.1 3 3.1 1.5 3 1.3 0.6 46.6 
17 May 1 52.1 26.4 1 43.5 22.1 2 2.7 1.4 2 1.3 0.7 50.7 
21 May 1 61.6 18.6 1 34.7 10.5 2 2.2 0.7 2 1.4 0.4 30.2 

- 24May = 1 74.6 41.6 2 21.0 11.7 3 1.0 0.6 3 2.9 1.6 55.8 

TABLE 5. Zooplankton analysis at the Pabst Marsh in percent of total organisms and numbers per liter for 

each date, 1971—72. 

| Cladocera Copepoda Ostracoda Insecta Total 

Date Rank %T. No./l Rank %T. No./l Rank %T. No./l Rank %T. No./l No./I1 

197] 

30 April 1 40.6 1.3 1 32.3 1.1 1 20.5 0.7 3.3 
6 May 1 36.5 6.3 1 13.3 2.3 1 50.2 8.7 17.3 

13 May 1 32.2 1.9 1 30.4 1.8 1 35.3 2.0 58 
20 May 1 39.7 7.3 1 37.5 6.9 1 22.8 4.2 18.5 

1972 
2 May 2 16.9 7.7 . 1 81.8 37.1 3 1.3 0.6 45.4 

10 May 2 32.4 67.6 1 52.5 109.7 3 14.9 31.1 4 0.2 0.4 208.9 
19 May 2 6.0 8.7 1 926 134.8 3 1.1 1.6 4 0.3 0.4 145.5 
24 May 1 71.7 222.9 2 198 61.5 2 8.2 25.6 3 0.3 1.0 311.1 

15
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FIGURE 8. Average change in northern 4 | COPEPODA | 
pike stomach content at the Pleasant | | | 

Lake Marsh, 1969 and 1971-73. 
APRIL MAY MAY MAY MAY JUNE 

WEEK 4 | 2 3 4 | 

7 | TIME | 

| cause of death. Figures 9 and 10 give the , 
l f : 

March throuth Joa ein’ the spaw ning TABLE 6. Major groups of benthic fauna at the Pleasant Lake Marsh in 

marshes. During several years, accurate | numbers per square centimeter, 1972. 
readings from the Taylor thermographs May 11 May 18 May 24 

cfter floodwee ond from tine we wae Organism Mean %T _%0 Mean %T %0 Mean %T %0 
during the rearing period. Insecta | 5.4 87 75 44 96 63 35 £111 #63 

It is my opinion that draining the Coleoptera xe ri 38 03 L2 3° 5 5 ul 6 
marsh at a time when water temperatures Trichoptera 0.4 07 13 04 09 130 2 ~ 

are relatively low (preferably below Oligochaeta 18.8 304 100 5.7 125 63 4.7 #148 75 
70°F) and dissolved oxygen levels are Ostracoda 19.3 31.2 100 11.8 261 100 7.0 22.2 #475 
relatively high (about 5 ppm) is probably Eubranchiopoda o7 I A 13 3 30 25 ~ _ 

of prime importance in successfully Cladocera 44 71 63 04 09 13 102 324 75 
harvesting the northern pike crop from Copepoda 12.9 208 75 205 45.4 100 62 196 38 
rearing marshes. 

There does not appear to be any cor- | TOTAL 61.5 44.1 31.6 
relation between the production of a  — iii 0909000 
northern pike and the minor fluctuations 
in the levels of nitrates, nitrites, 
ammonia, organic and total nitrogen, 
dissolved and etal phosphorous calenam TABLE 7. Major groups of benthic fauna at the Pabst Marsh in 

magnesium, sodium, potassium, iron, numbers per square centimeter, 1972. 

manganese, sulfate, chloride, alkalinity, " May 10 May 19 May 24 
conductivity, and pH encountered in this ee 
study. The results of the complete water Organism Mean %T = %0 Mean %T %0 Mean *%T %0 
analyses are given in Table 11 in the Insecta 3.0 86 50 _ 65 60 os 128 > 

Appendix. Although a few of the Die =63086 STi 
researchers such as Smith, Franklin, and Oligochaeta 6.3 183 80 67 123 60 74 215 80 
Kramer (1958) and Bryan (1967) have Ostracoda 11.5 33.2 100 14.1 26.0 80 3.1 2-0 30 
studied environmental characteristics Eubranchiopoda 1.3 3.7 30 2.3 3 
such as water temperature, pH, al- Hirudinea 2.1 5 5 73 is 30 ar 33 0 oe . , > Cladocera 0.1 . 1 . . . . 
kalinity, dissolved oxygen, and ammonia Copepoda 10.0 29.0 90 20.3 374 90 65 188 80 
and iron content, a quantitative rela- 
tionship of these parameters to survival of TOTAL 34.3 53.3 34.2 
the young pike in the marsh has not been ee 

16 defined.



TABLE 8. Northern pike fingerling stomach analysis at the Pleasant Lake Marsh in percent of the total number of food organisms present in all fish 

stomachs and percent of the total number of stomachs in which a food organism occurred, 1969 and 1971-73. 
ee i 

Fish Sampled Stomach Contents OC 

Average Cladocera epoda Ostracoda Insecta Fish 
Length of Fish No. of Avg.No.. —————--—---—— ___ Copepoda Sn 

Date (mm) Stomachs Organisms Rank %T. %0. Rank %T. %0. Rank %T. %0. Rank %T. %0. Rank %T.  %0. 

1969 | | 

6 May 22.9 47 8.0 1 27.8 76.6 2 35.5 76.6 2 36.3 78.7 3 0.4 4.3 
13 May 34.4 41 6.3 1 38.2 65.9 2 6.6 22.0 3 3.7 22.0 1 51.3 82.9 3 0.3 2.4 
21 May 54.8 30 14.0 1 27.3 80.0 3 0.7 10.0 2 3.7 30.0 1 68.1 96.7 3 0.2 3.3. , 

4 June 83.3 85 7.0 1 49.6 70.6 2 2.2 14.1 2 1.7 9.4 1 44.8 84.7 2 16 15.3 

1971 | | 

29 April 16.2 24 41.6 2 28.1 100 1 71.4 100 3 0.5 25.0 | 
4 May 19.2 25 43.9 2 18.4 100 1 72.9 96.0 4 1.7 40.0 3 7.0 88.0 

11 May 34.4 24 13.4 2 3.1 37.5 2 4.2 41.7 2 3.3 25.0 1 89.1 100 3 0.2 4.2 
18 May 58.8 24 10.1 2 3.8 20.8 2 3.1 20.8 1 92.8 100 3 0.3 4.2 
24 May 78.8 21 2.9 1 51.5 52.4 2 1.2 4.8 1 11.3 28.6 1 32.4 57.1 2 3.6 14.3 
1June 87.5 15 12.6 1 45.6 80.0 2 6.4 33.3 1 46.0 93.3 2 2.1 33.3 

1972 

4 May 13.7 24 9.5 2 25.9 87.5 1 69.4 95.8 . 3 4.3 33.3 4 0.3 4.2 
11 May 19.1 25 22.6 2 27.4 96.0 1 68.4 100 3 1.4 28.0 3 2.7 48.0 
18 May 38.6 26 5.3 1 30.1 65.4 2 7.1 30.8 1 36.8 65.4 1 22.1 69.2 3 3.9 26.9 
27 May 67.3 16 1.1 | 2 19.4 25.0 1 806 93.8 

1973 

17 April 11.0 24 0.0 | | | 
26 April ~ 16.3 25 13.3 2 19.4 76.0 1 52.9 96.0 3 1.6 20.0 2 26.1 96.0 

3 May 19.9 20 31.3 2 5.7 65.0 1 82.9 100 3 0.6 20.0 2 10.9 80.0 
10 May 30.9 23 14.9 2 10.1 65.2 1 449 91.3 3 1.5 21.7 1 43.6 100 
17 May 47.1 25 8.3 1 20.2 68.0 1 21.6 56.0 1 24.4 60.0 1 32.5 76.0 
24 May 60.5 26 7.1 1 45.7 88.5 1 35.0 69.2 1 5.0 26.9 1 13.2 50.0 
29 May 72.5 24 13.8 1 36.1 75.0 2 0.9 8.3 2 1.3 16.7 1 61.6 95.8 2 0.2 4.2 

=



oo 

TABLE 9. Northern pike fingerling stomach analysis at the Pabst Marsh in percent of the total number of food organisms present in all fish stomachs 
and percent of the total number of stomachs in which a food organisms occurred, 1971-72. | , 

Fish Sampled Stomach Contents 

Average Clad C d Ostracoda _ | I | Fish 
Length of Fish No. of Avg. No. _ tadocera __ sopepoda ___ sttacoda __insecta BS 

Date (mm) Stomachs Organisms Rank %T. %0. Rank @%T. %0. Rank %T. %0. Rank %T. %0. Rank %T. % 0. 

1971 | 

30 April 16.9 28 34.9 2 10.7 92.9 1 89.3 100 3 ©6001 3.6 
6 May 24.5 25 63.3 2 1.2 48.0 1 98.1 100 3 360.3 20.0 2 0.4 24.0 

13 May 32.2 25 17.9 1 79.3 100 2 11.3 80.0 2 5.8 64.0 2 3.6 52.0 
20 May 49.8 25 5.2 1 37.7 84.0 1 34.6 72.0 2 45.4 16.0 1 22.4 60.0 
27 May 73.4 22 15.2 1 37.5 81.8 3 0.2 45 2 4.7 40.9 1 56.5 100 3-~=Ss 1.1 22.7 

8 June 110.8 41 11.8 2 31.3 68.3 2 0.2 24 2 ~~ 0z.7 7.3 1 67.0 100 2 0.7 12.2 

1972 

2 May 15.2 25 28.5 2 3.7 56.0 1 95.6 100 3 60.6 20.0 3 0.1 4.0 
10 May 24.5 24 29.0 1 44.6 100 1 53.1 100 2 1.2 25.0: 2 1.1 33.3 
19 May 41.5 25 6.7 2 12.4 36.0 2 4.9 20.0 1 73.5 80.0 2 54 36.0 2 3.7 32.0 
24 May 87.3 15 2.2 1 21.8 20.0 1 48.8 66.7 1 27,3 66.7 
31 May 96.2 19 5.8 1 51.6 73.7 3 2.2 105 2 48 26.3 1 29.3 68.4 2 11.5 73.7
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FIGURE 9. Average hourly water temperatures at the Pleasant Lake Marsh, 1969 and 1971-73. 

FIGURE 10. Average hourly water temperatures at the Pabst Marsh, 1971-72. 
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Although many of the factors that quantitatively a relationship between 100 mm in average size) and thus drain 
influenced the production of northern size, number, and ratio of female and at a later date. Although adequate data 
pike fingerlings from the Pabst and male spawners to the production of are not available on optimum size and 
Pleasant Lake marshes could not be fingerlings. However, from this study itis | number of fingerlings to assure high 
quantitatively defined at each of the believed that the female spawners should survival ina lake, it is believed that fish of 
critical stages in the early life history of preferably be large (over 25 inches) so this size would insure large numbers of 
the fish, general procedures and that fewer are needed to supply the _fingerlings whose lake survival would be 
considerations for the management of necessary eggs. This will also reduce the _high. 
these types of marshes are now better number of males needed and the total In order to develop a clearer under- 
understood. Three major considerations number of spawners which need to be _ standing of the food habits of the 
that must be taken into account when removed after spawning. Ten to 15 northern pike fry and fingerlings, the 
managing a northern pike spawning pounds of females per acre and two to following appears to be necessary: (a) 
marsh are: (a) the characteristics of the three males per female should be ob- sampling of the stomachs, zooplankton, 
spawning marsh, (b) the characteristics tained. The males should be at least 20 and benthos must occur twice weekly (or 
of the spawning stock, and(c)thetimeof | inches in total length. All spawners more often), (b) more sampling stations, 
draining. | should be removed as soon as possible _ especially for the benthos must be es- 

Marsh Characteristics. Important after spawning to prevent their predation __ tablished, and (c) a minimum of half a 
Characteristics of the spawning marsh on the young fingerlings. This can be dozen marshes must be selected in order 
include that it be completely drainable done through the use of fyke nets. to simultaneously study food habits over 
(preferably into the lake to be stocked), Draining Time. The time of draining a period of years. 
be close to a water supply, and have should be governed by the water It is believed that a great deal of study 
predominantly sedge and grass type temperature during draining andthe size __ is still needed in quantifying the re- 
vegetation. If this type of vegetation is not of fingerlings desired. If water  lationships of the various factors that 
presently established in the proposed temperatures are in the 80’s influence the survival of northern pike 
marsh, it is possible that reed canary (Fahrenheit), significant mortalities due eggs from the time they are deposited in a 
grass seed, which is readily available, to temperature stress and low dissolved marsh to their hatching. Apparatuses for 
could be planted or that bailed hay could oxygen levels will most likely occur. The monitoring the survival of eggs and the 
be spread over the bottom. survival of a fingerling in a lake is various related physical and chemical 

The inlet should be constructed as to probably directly proportional to its factors in a marsh environment still need 
allow water into the marsh only when length (other factors in the lake being to be developed. In addition, in order for a 
needed, and should include a screen to equal), and the number of fingerlings definitive answer to the question on the 
prevent predators from entering. If the produced from a marsh is inversely optimum number and size of spawners to 
land contours do not lend themselves to proportioned to their length (primarily be stocked in a marsh and for an un- 
this type of inlet structure, the necessary due to cannibalism). However, the two derstanding of the inverse relationship 
water may have to be pumped into the coefficients of these proportions are between the number and length of 
marsh. The outlet structure should allow unknown. Therefore, the optimum time fingerlings produced from a marsh, a 
surface drawdown of the marsh and the of draining cannot be determined. The number of marshes (perhaps as many as 
placement of a wire mesh pen down- fish manager must thus decide if he wants a dozen) would have to be managed 
stream to collect the fingerlings if they a larger number of smaller fingerlings or simultaneously over several years so that 
are to be counted or marked. a smaller number of larger fingerlings. If these different factors can by _ sys- 

Spawning Stock Characteristics. No he wants to mark them by fin clipping, he . tematically varied and then statistically 
researcher has yet been able to determine will have to use larger fingerlings (75 to analyzed. 
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FINGERLING PRODUCTION FACTORS AFFECTING were also performed by the program for 
: FINGERLING PRODUCTION the zooplankton and benthic samples, 

respectively. These analyses showed that 

The 3.7-acre Pleasant Lake Marsh in the number and species composition of 

Walworth County was stocked with adult The five catogories of factors thought organisms consumed are highly variable 

northern pike spawners each spring from to influence northern pike production on a given day. Based on the averages 

1969 through 1973. This marsh, which is were spawning stock, aquatic vegetation, form the weekly stomach content for 
surrounded by a steep wooded ridge ex- egg survival, food supply, and physical 1969, 1971, 1972, and 1973 from 
cept at the outlet to the lake, has and chemical factors. It was not possible Pleasant Lake and Pabst marshes, a 
leatherleaf as the dominant aquatic from the data collected on these factorsto  8eneralized trend showed the dominance 
vegetation. In 1971 and 1972, a second = make quantitative predictions on the  f Copepoda shifting to a combination of 
marsh, Pabst Marsh (18.5 acres) in number of northern pike produced. How- | Cladocera, Insecta, and fish (other 
Waukesha County was also studied. Reed ever, several useful relationships in con- northern pike). However, numerical 

canary grass is the dominant aquatic nection with their food supply and phys- comparison of fish with other food or- 
vegetation in this marsh. | ical and chemical requirements were  24nisms underestimates its importance, 

The female spawners averaged 21.8 observed. | since fish have a much higher nutrient 

inches in total length and 4.7 lbs. The A seasonal shift in zooplankton species Value. The rate at which cannibalism 
stocking rate averaged 12.1 lbs/acre. The composition occurred and was best de- reduces the northern pike population 

numerical ratio of stocked males to fined at the Pleasant Lake Marsh in could not be determined. Comparison 

females averaged 3.2:1 and the average 1973. At that marsh, Copepoda between the zooplankton and benthos 

total length of the males was 18.7 inches. (principally Cyclops sp.) dominated the Populations, such as in electivity indices, 
The linear regression that was derived for zooplankton population until the end of | W4s hindered by problems associated with 
the number of eggs versus total length of May when Cladocera (principally their tremendous variability, which 
the female is: E = 4,417 L — 62,555 Chydorus sp.) surpassed them in num- resulted from: (a) an insufficient number 

where E is the number of eggs and L is bers. of stations being sampled, (b) samples 

the total length of the female in inches. The best picture of the benthic com- _20t being taken often enough, and (c) 

This regression has a 95 percent con- munity was gained in 1972 when, at both samples not being large enough (in vol- 

fidence limit of *=6 percent for es- marshes, members of the Culicidae, ume). 
timating the fecundity of an average fish. Tendipedidae, and Dytiscidae families Of the physical and chemical factors 

The following production rates indi- were the most commonly occurring or- which might influence northern pike pro- | 

cate that management of the Pleasant —_ganisms in benthic samples. duction in managed spawning marshes, 
Lake and Pabst marshes was highly suc- The analyses of the data for the water temperature and dissolved oxygen 

cessful in rearing large numbers per acre northern pike food habits study was ac- levels during draining appear to have a 
of fingerlings that were of large size: (a) complished through the use of a Fortran _—‘Si8nificant effect. While these two factors 
the production of 2,473 fingerlings per | computer program which enabled each could not be documented to influence the 

| acre averaging 79 mm from the Pleasant —_ organism in the stomach samples as well Survival of the eggs and northern pike 
Lake Marsh in 1973, (b) the 1,052 fish as zooplankton and benthic samples to | during their rearing, intuitively one 
per acre averaging 109 mm from the have its geometric mean [common log would expect them to have an influence. 

Pabst Marsh in 1972, and (c) the overall (x + 1) transformation used], variance, Chemical analyses of the water in the - 

average of 1,332 fish per acre averaging 95 percent confidence limit, percent | ™arsh during the years of the study 
89 mm by the first week of June from _— occurrence, percent of total organisms, showed only minor fluctuations and thus 

both sites in all years. These rates are and corrected mean, calculated for each Could _not explain the variances in pro- 
among the highest reported. day. The conversions to number per liter duction. 

and number per 100 square centimeters 
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TABLE 10. Average dissolved oxygen and water temperature 
readings at northern pike managed spawning marshes, 1969-1973. 

oO : 

: Lake and Mean Dissolved __Mean Temperature CF) | 
Date Time Oxygen (ppm) D. O. Sample Min.— Max. 

Pleasant Lake Marsh 

4/08/69 11:00 10.0 30 44 57 
4/15/69 12:00 7.5 49 48 50 
4/15/69 16:30 7.5 50 48 50 

: 4/22/69 10:30 7.1 47 42 49 
4/29/69 11:00 4.8 45 40 54 
5/01/69 10:00 6.0 49 42 56 

, 5/06/69 10:00 | 1.3 57 60 65 
5/13/69 8:30 2.4 48 31 64 
5/21/69 11:00 1.1 53 44 54 
5/28/69 16:00 3.0 79 62 75 

, 5/21/70 9:30 5.0 70 — ~ | 
5/26/70 9:30 1.9 57 59 76 
5/28/70 9:00 2.6 35 54 65 
6/02/70 9:15 2.8 57 57 = 71 
6/04/70 9:30 2.9 60 59 = 65 
6/08/70 10:30 3.4 69 5971 

| 4/24/71 — 5.8 —_ 50 62 
4/29/71 9:30 4.8 — 47 62 
5/04/71 — 4.4 — — — 
5/06/71 9:00 4.5 — 53 61 
5/11/71 ~— 4.5 — 61 72 
5/18/71 —_ 3.7 — 55 82 

. 5/20/71 — 5.4 — 58 43 
5/24/71 8:30 5.0 — 54 76 
5/28/71 — 5.2 — 56 69 
4/17/72 8:30 7.7 44 36 56 | 

| 4/21/72 _ 9.7 44 37-59 
| 4/24/72 10:15 9.6 45 | 4) 49 

— 4/28/72 15:00 8.0 | 59 38 —fs«61 
5/04/72 9:45 8.1 54 51 = 63 
5/09/72 10:45 6.9 48 43 62 
5/11/72 10:15 7.8 61 44 63 
5/16/72 8:50 3.4 63 58 69 
5/18/72 9:45 2.7 70 62 74 

, 5/23/72 10:30 1.6 73 68 83 
3/27/73 15:00 15.0 | $1.8 41 49 
3/29/73 9:30 13.0 45.8 41 51 
4/05/73 10:45 9.2 50.0 40 49 
4/11/73 12:30 7.8 45.0 38 =: 50 
4/17/73 14:30 8.4 61.7 41 56 
4/18/73 12:30 9.8 59.0 ~ — 
4/19/73 13:30 8.8 59.0 $2 59 
4/24/73 11:00 5.2 62.0 55 64 
4/26/73 12:30 6.0 60.8 56 = 63 
4/30/73 12:00 6.2 53.6 52 60 
5/03/73 7:00 2.5 48.2 51 57 
5/07/73 6:30 5.2 54.3 47 54 

. 5/10/73 6:15 3.7 55.2 53 57 
5/14/73 6:50 2.6 51.6 52 59 
5/17/73 6:00 2.2 50.4 S1 57 
5/21/73 6:00 4.4 57.2 51 56 
5/23/73 6:10 2.1 55.6 54 59 

Pabst Marsh 

5/04/71 — 6.4 — 49 59 
5/06/71 — 6.4 — 49 59 
5/11/71 — 5.8 — 55 69 
5/13/71 — 4.6 — 53 68 
5/18/71 9:30 4.1 — 53 71 
5/20/71 9:00 4.1 — 59 68 
5/24/71 — 3.6 — 57 = 66 
4/13/72 14:30 9.3 49 32 54 
4/20/72 13:30 10.0 56 45 61 
4/25/72 8:45 11.0 44 40 58 
4/28/72 9:55 10.5 56 42 61 
5/02/72 12:00 9.0 54 39 31 
5/05/72 9:00 8.5 58 50 60 
5/08/72 9:55 8.9 49 47 60 
5/16/72 14:00 9.0 67 45 67 
5/19/72 8:35 6.2 73 67 77 
5/21/72 12:45 7.5 78 63 78 
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TABLE 13. Analysis of the plankton sampled from the Pleasant Lake and Pabst Marshes in #/liter. (log1 9 transformation used) 

__ -ss~s~”~”:sS@PeasantLakeMarsh—t—=—“‘i‘“‘S*“‘SOSNSC#*#*~*<‘“‘“‘( tS 
. 1969 1970 1971 1972.” 

Organism 4/8 4/15 4/22 4/29 5/6 5/13 5/21 5/21 5/26 5/28 6/4 4/29 5/4 5/11 5/18 5/24 5/4 5/12 5/18 5/23 Te eee eae 

Cladocera 16 1.7 3.9 17.9 30.2 88.4 258.9 34.3 15.7 579 274 10 02 2.3 36 30.2 69 5.5 47.5 239.7 
95% C.L. (U) 355 65 8.7 25.0 76.9 125.6 336.9 49.2 43.5 70.5 468 2.0 06 46 85 496 94 9.7 58.4 262.1 

(L) 0.1 — 15 12.8 11.5 62.1 198.8 23.8 5.3 476 158 0.3 — 10 1.3 18.3 5.0 3.0 38.7 219.2 

Daphnia 06 O09 19 $71 #45 69 3.9 07 0.2 0.1 0.2 01 O04 O2 O1 O02 2.1 
95% C.L. (U) 24 3.5 $5.2 10.5 7.5 22.1 193 40 1.8 0.2 06 O02 10 05 05 06 7.0 

(L) — — 04 48 26 18 03 £4- — — — —: — ~ — — 0.4 

Ceriodaphnia 0.1 O11 01 0.3 0.2 O01 O1 O11 12 O11 0.4 1.4 
95% C.L. (U) 0.2 03 O04 12.1 04 02 O2 O04 42 O05 1.1 5.7 

. (L) — — — — _ - - - — _ _- 0.1 

Simocephalis 0.1 O01 04 O09 3.4 0.8 08 0.4 0.1 0.1 0.1 5.7 26.1 
95% C.L. (UV) 0.5 02 1.3 1.8 11.9 0.88 4.2 3.5 0.2 0.5 0.3 11.1 42.8 

(L) — — — 0.2 0.7 0.8 —- — — — . —- 2.7 15.9 

Alona 0.1 O11 1.0 0.1 15.8 20.7 
95% C.L. (U) 04 0.3 3.1 0.5 18.8 58.4 

(L) - - 0.1 —- 13.3 7.1 

Scapholebris 0.1 0.1 9.7 1.2 04 13.5 10.7 0.1 0.3 12 110 14 146 1.4 
95% C.L. (U) 0.5 0.2 30.2 1.2 8.1 25.1 246 0.4 0.7 3.6 17.22 2.3 3.3 4.2 

(L) — - 27 #12 - 70 #42 #£—- — 02 70 07 0.6 0.3 

Chydorus 0.6 O04 O09 3.5 13.7 33.9 91.8 31.1 14.22 42.1 149 0.3 O41. 1.2 0.2 14.0 
95% C.L. (U) 2.2 1.4 (3.3 11.1 62.9 125.5 321.7 45.6 34.6 45.9 33.3 0.7 0.22 3.3. 0.7 29.5 

(L) - - — 0.8 24 8.7 25.8 21.0 55 386 62 0.1 — 0.2 - 6.4 

Bosmina 0.4 O04 #10 42 65 21.5 1.0 0.3 0.4 49 3.1 23.4 173.3 
95% C.L. (U) 14 10 22 84 8.7 59.1 7.6 3.1 3.5 7.00 4.7 25.7 191.5 

(L) — — 0.2 19 47 75 £=- — — 3.3 2.0 21.3 156.8 

Eurycerus 0.2 0.3 04 02 0.1 
95% C.L. (U) 1.2 3.1 3.5 0.5 0.2 

(L) — — - — — 

Unknown 0.2 0.1 0.4 O05 O03 0.5 0.3 0.1 16 1.3 . , 
95% C.L. (U) 1.1 0.4 13 14 O07 1.1 3.1 0.2 5.0 4.0 

(L) — — — — - - _ — 0.3 0.2 

Rotatoria 0.4 #07 OS 03 09 O06 %18 10 03 11 #30 01 O3 O1 O58 18 
95% C.L. (UU) 12 18 13 08 2.3 #12 26 76 46 80 125 03 06 02 412 3.5 . 

(L) — 0.1 — — 0.1 O02 12 £- — — — - — — 0.1 0.7 

Copepoda 32.0 94.6 126.5 142.0 86.8 74.5 83.4 52.7 36.9 41.7 17.00 12.9 08 12 25 S$4 25.1 20.2 154.4 26.2 
95% C.L. (U) 70.0 143.0 134.3 165.0 113.0 95.2 111.5 105.9 55.0 66.5 286 43.8 2.1 2.3 5.2 11.0 27.9 33.7 190.9 36.1 

(L) 14.3 62.4 119.1 122.3 66.5 58.3 62.3 25.9 24.7 259 99 35 O01. 06 $410 24 22.7 12.0 124.9 19.0 

Calanoida 6.2 84 7.7 46 7.3 60 2.2 126 O05 03 40.5 15 15 3.2 
95% C.L. (VU) 33.4 13.9 16.1 9.2 12.7 7.8 5.6 43.5 13 07 1.3 2.9 2.6 £5.1 

(L) 0.6 49 3.4 2.1 #41 #45 0.6 3.4 - ~ — 0.7 0.8 2.0 

Cyclopidae 23.5 70.0 115.7 134.7 77.3 68.1 80.5 52.3 36.7 41.7 17.0 O01 O2 10 14 4.7 21.9 18.6 150.3 26.2 
95% C.L. (U) 40.3 136.5 119.3 158.1 103.8 88.2 106.7 105.4 53.4 66.5 286 0.2 0.7 16 3.22 9.5 25.5 31.4 186.6 36.1 

(L) 13.5 35.7 112.2 114.8 57.6 52.5 60.6 25.6 25.2 25.9 99 — — 0.5 04 2.2 18.7 11.0 120.9 19.0 

Nauplius 3.22 10 0.6 0.3 0.2 0.1 0.1 0.2 05 14 0.3 
95% C.L. (U) 24.1 3.7 1.4 2.9 1.8 0.3 0.2 0.7 14 2.0 2.0 

(L) - — — - - _ - — — 1.0 — 

Ostracoda 2.5 8.8 10.1 10.4 18.7 83 50 26 10 19 31 #16 02 09 11 #17 #S$2 20 14 42.0 
95% C.L. (U) 9.9 15.8 19.2 13.9 25.6 10.9 7.1 106 2.4 232 109 76 06 22 36 3.1 #70 26 45 3.8 

(L) 02 48 5.1 78 13.7 63 3.4 £- 0.2 —- Oh - O02 O11 08 3.8 #215 £02 1.0 

Hydracarina 02 O03 12 09 40.6 
95% C.L. (U) 04 O07 36 2.9 1.6 

(L) - - O01 - = 

Eubranchiopoda 
95% C.L. (U) 

(L) 

Insecta 0.12 O2 1.1 «12.1 
95% C.L. (U) 04 08 32 2.4 

(L) — — 0.2 0.3 

Ephemeroptera 0.1 0.1 
95% C.L. (U) 0.4 0.4 

(L) _ _ 

Coleoptera 0.1 
95% C.L. (U) 0.2 

(L) — 

Diptera 0.1 0.2 
95% C.L. (U) 0.3 0.6 

(L) - - 

Trichoptera 0.1 O1 O09 0.5 
95% C.L. (U) 0.2 0.2 32 #4115 

(L) _ _ _ _ 

: — equals < 0.05



TABLE 13. Continued. 

. Pleasant Lake Marsh Pabst Marsh 

1973 | 1971 1972 

Organism 4/5 4/11 4/17 4/19 4/26 4/30 5/3 5/7 5/10 5/14 5/17 5/21 5/24 4/30 5/6 5/13 5/20 5/2 5/10 5/19 5/24 

Cladocera 10 13 62 75 87 3. 15 37.2 274 11.3 264 186 416 13 63 19 73 £497.7 676 8.7 222.9 
95% C.L. (U) 2.4 2.0 12.8 105 109 69 24 95.8 69.2 20.0 28.4 33.8 48.2 3.0 16.1 34 106 9.1 93.8 10.5 2753 

(L) 0.3 07 3.0 $3 69 2.1 O99 143 108 64 24.7 102 359 04 2.2 09 50 65 48.7 7.2 180.5 

Daphnia 0.6 04 14 06 410 0.3 0.3 02 02 O08 3.2 07 %20 14 #441 #O7 £1.22 
95% C.L. guy 15 #10 41 #18 $217 11 0.9 08 09 O08 10.0 2.7 43 24 749 16 2.2 

(L) 0.2 01 O04 O11 O05 — — — - 08 O07 - O47 O08 25.9 O02 0. 

Ceriodaphnia — 0.1 0.2 — 0.1 0.1 O1 02 O2 £- 0.6 0.7 0.3 0.2 .1.9 
95% C.L. (U) 0.3 0.5 0.3 0.3 03 04 0.5 4.9 6.1 0.8 0.4 5.7 

(L) _ — _ - —_ - = — — — — 0.4 | 

Simocephalis — — — 0.1 O.1 0.3 0.2 212.3 

95% C.L. (U) 0.4 0.4 0.7 0.5 262.2 

(L) —- - _ — 171.9 

Alona 0.1 O01 10 04 2.46 0.1 06 10 12 02 O04 14 Q.2 1.3 0.3 0.3 
95% C.L. (U) 03 02 36 1.2 46.0 0.3 36 75 42 O9 1.2 12.8 2.0 19.3 0.7 0.6 

(L) — — 02 - 1.0 — - - — - — — — — - 0.1 . 

Scapholebris — 0.1 3.0 104 14 1.3 
95% C.L. (U) 0.5 39 194 24 3.1 

(L) - 2.3 S55 0.7 04 

Chydorus 0.6 0.2 0.5 3.7 3.9 S51 O11 OA 22.1 0.2 . 0.1 0.4 
95% C.L. (U) | 3.2 06 3.5 84.4 45.9 92 04 1.7 466 2.0 1.1 7.1 

(L) - - - — 0.1 28 #—- - 104 - — — | 

Bosmina . 0.1 O7 24 #18 O08 04 13 02 02 O09 O7 1.1 0.4 22 09 18 06 67 41 £46 
95% C.L. (U) 03 10 39 3.3 22 411 #20 08 O07 30 19 2.2 1.7 73 #28 85 12 114 54 7.9 

(L) — 05 14 09 02 j- O08 - — 0.1 O02 O05 — 0.3 0.1 — 0.3 38 3.1 2.6 

Eurycerus — , 
95% C.L. (U) 

(L) 

Unknown _- - 0.4 0.9 1.1 0.7 1.2 2.5 1.0 24.8 9.8 1.9 _ 

95% C.L. (U) 2.2 43 7.9 3.7 24.3 39.5 8.0 26.1 64.3 22.6 
(L) - 0.1 — - — — —- 235 1.3 — 

Rotatoria 2.0 

95% C.L. (U) 10.7 

(L) | | _ 

Copepoda . 34.9 15.66 47.2 296 166 7.9 53.3 80.4 101.2 33.1 22.1 105 11.7 1.1 23 #18 69 37.1 109.7 134.8 61.5 
95% CL. (Uy) 74.0 19.4 61.7 32.6 22.6 14.2 64.3 106.9 112.8 39.8 28.9 11.9 165 25 50 60 7.9 40.8 119.6 159.8 73.2 

(L) 165 12.5 36.1 26.8 12.1 4.3 44.2 605 90.7 = — 16.9 92 83 02 O08 O23 6.0 33.7 100.7 113.7 51.7 

Calanoida 18 0.3 - 0.2 | 0.1 0.1 
95% CL. (U) 3.1 0.6 1.4 0.4 1.1 

(L) 11 0.1 — — — 

, Cyclopidae 32.8 13.3 46.2 29.6 15.3 7.9 46.1 80.4 101.2 32.2 21.6 10.0 11.7 1.1 23 16 69 36.4 109.4 132.8 61.5 - 
95% C.L. (U) 71.0 18.5 60.6 32.6 21.7 14.2 56.3 106.9 112.8 38.2 283 11.6 165 25 5.0 4.7 7.9 40.2 119.4 157.0 73.2 

(L) 15.1 9.5 35.3 268 108 4.3 37.7 60.5 90.7 271 165 87 83 02 08 04 6.0 33.0 100.2 112.3 51.7 

Nauplius - 0.9 0.8 0.9 6.1 0.7 04 0.2 04 02 1.2 
95% C.L. (U) 2.5 2.1 2.4 8.0 2.2 1.1 05 0.8 06 2.5 

(L) 0.3. 0.2 0.3 4.7 0.1 — — 0.2 - 0.5 

Ostracoda 23 O08 120 55 49 50 48 18 09 15 14 O7 O06 O7 87 20 42 06 31.1 16 25.6 
95% C.L. (U) 53 13 165 69 79 67 84 29 1.7 54 22 #19 20 51 108 28 280 1.3 33.1 2.4 53.4 

(L) 10 04 87 44 30 3.7 2.77 #%11 O04 O03 08 0.1 — - 69 15 O02 O 29.2 1.1 12.2 

Hydracarina - - 0.1 O1 O12 O11 O11 O02 O11 01 O02 - O02 0.3 0.1 

95% C.L. (U) 0.2 04 O23 O03 O02 06 O04 0.3 0.4 0.6 2.0 1.1 
(L) — — - - - - - _ - — - — 

Eubranchiopoda 0.4 0.1 - _ 

. 95% C.L. (U) 0.8 0.2 
(L) 0.1 — 

Insecta 0.4 04 #O7 O9 12 17 38 $72 38 06 O07 O04 146 - 04 04 1.0 

95% C.L. (U) 0.8 0.7 12 15 36 28 6.7 119 76 #4115 #418 14 3.1 10 0.7 2.9 

(L) 01 02 O4 06 O3 10 20 43 #18 O02 O1 - 08 0.1 0.2 0.2 

Ephemeroptera 0.2 0.3 02 0.3 

95% C.L. (U) 1.0 0.6 04 0.7 

(L) - 0.1 — — 

Coleoptera 0.1 — - 0.1 — 0.1 

95% C.L. (U) 0.2 0.2 0.3 

(L) — ~ — 

Diptera 0.3 02 O7 O9 12 41.7 #38 $72 #38 O06 06 O04 12.2 
95% C.L. (U) 0.5 O07 1.1 #15 35 28 67 119 76 #15 16 1.3 2.0 

(L) 0.1 —- 04 06 03 #10 20 43 #18 O02 0.1 — 0.7 

Trichoptera 0.1 - — - 02 02 0.6 

95% C.L. (U) 0.3 0.4 04 244 

| (L) - - - - 

— equals < 0.05



TABLE 14. Analysis of the benthic sampler showing major groupings of organisms from the Pleasant Lake and 

Pabst Marshes in 1971 and 1972 with their mean number/1 00 sq. cm. and upper and lower 95% confidence limit. 
(log 1 9 transformation used) | 

Reagan Lake Marsh  PabstMarsh 
7 1971 1972 1971 1972 

Organism 4/29 5/4 S/11 5/18 5/24 5/11 5/18 5/23 4/24 4/30 5/6 5/13 5/20 5/10 5/19 5/24 

Cladocera 4.4 0.4 10.2 | 03 2.3 40.3 
95% C.L. (U) - 11.5 1.5 27.9 1.1 7.1 1.1 . 

(L) 0.4 —- 2.1 - _ _— 

Copepoda ; 10 07 #18 #18 #21.0 12.9 20.5 62 1.7 43 #07 #45 =2.3 10.0 20.3 = 6.5 
95% C.L. (U) 17 16 3.3 39 2.4 36.1 68.7 29.7 109 85 3.5 13.4 6.7 20.2 36.7 12.2 

(L) 05 O01 O09 O7 O38 2.9 4.1 — — 20 —- 13 06 4.1 #105 2.7 

Calanoida 0.4 0.1 0.4 0.4 
95% CLL. (U) 0.7 0.2 1.5 1.5 

(L) 0.2 — _ — . 

Cyclopidae 05 06 18 12 #1.0 10.9 20.5 3.55 1.7 43 O07 45 2.3 10.0 20.3 5.7 
95% CLL. (U) 11 1.5 3.3 #19 2.4 28.2 68.7 12.1 109 85 3.5 13.4 6.7 20.2 36.7 11.8 

, (L) 02 01 O98 O8 O38 2.7 4.1 _ — 2.0 _ 13 06 4.1 105 1.9 

Unknown 1.8 4.4 0.3 
95% C.L. (VU) 6.7— 21.3 1.1 

| (L) — — | — 

Ostracoda 49 49 24 31 1.2 19.3 118 7.0 10 21 3.0 1.1 1.8 11.55 14.1 3.1 
95% C.L. (U) 8.7 13.8 66 4.7 2.1 33.9 19.3 17.0 48 3.7 13.6 6.1 3.8 168 30.0 9.8 

(L) 2.7 16 0.7 $20 O06 10.2 6.7 1.6 — 1.1 0.4 — 0.8 7.5 5.5 — 

Hydracarina 0.4 0.9 
- - 95% C.L. (U) 1.5 2.6 

(L) — - 

Eubranchiopoda 0.1 0.7 10 06 1.4 £412.2 1.5 1.3 2.3 2.3 
95% C.L. (U) 0.3 2.7 48 25 83 7.7 34 3.3 59> 7.1 

(L) — — — — — — 0.5 — _ — 

Insecta 3.9 43 63 7.7 #+11.8 5.4 44 335 #O.. 03 #O.7 115 14.2 3.0 3.5 4.4 
95% C.L. (U) 5.8 7.5 11.1 144 18.0 14.0 115 79 09 2.1 1.5 33.8 22.5 7.1 7.2 11.0 

. (L) 26 24 3.5 41 #=7.7 #208 0.4 40.6 _ — 02 3.7 89 O03 10 0.6 | 

. Ephemeroptera 0.1 0.1 0.5 0.3 
95% C.L. (U) 0.2 0.2 19 12.1 

(L) — — — — 

Odonata 01 02 02 O03 £0.3 
95% C.L. (U) 03 06 06 06 0.7 

| (L) — — — 0.1 — 

Coleoptera 0.1 2.0 0.9 0.1 0.1 0.5 
95%C.L.  (U) 0.2 5.4 2.5 0.9 0.5 1.9 | 

(L) — — — — — — 

Diptera 3.3 3.5 $5.7 64 11.4 26 3.0 3.5 01 O2 O17 11.5 140 3.0 2.7 3.5 
95% C.L. (U) 5.0 65 102 139 17.2 90 86 7.9 09 12 15 33.8 23.0 $71 #59 91 

(L) 2.1 18 32 2.8 #£7.5 — — 0.6 — — 0.2 3.7 85 O38 O05 0.2 

Trichoptera 0.2 0.11 O2 O2 O1 0.4 0.4 
95% CLL. (U) 04 03 O4 O05 0.1 1.5 1.5 . 

(L) — — - - — — _ 

Nematoda 0.1 0.1 
95% C.L. (U) 0.4 0.3 

(L) _ _ 

Gastropoda 0.2 02 02 05 0.5 0.2 01 0.2 0.3 
95% C.L. (U) 0.5 04 OS 1.1 1.1 0.7 OS 0.7 1.1 

(L) — — — 0.1 0.2 — — — — 

Hirudinea 0.1 0.1 0.2 0.2 1.3 0.1 2.1 4.1 10.4 
. 95% C.L. (U) 0.2 0.3 0.5 0.3 4.5 0.5 5.6 11.0 19.6 

(L) - — — — — — — 3.0 4.7 

Oligochaeta 6.0 66 3.2 52 42 18.8 5.7 4.7 11.1 42 2.3 #1.:1 °#195 63 6.7 £474 
95% C.L. (U) 12.0 17.7 106 10.2 7.9 29.3 13.9 9.4 61.4 13.2 20.3 6.1 26.0 13.9 17.1 15.4 

(L) 29 2.3 O08 2.5 2.2 11.6 1.1 1.5 1.7 1.2 — — 14.6 19 13 2.6 

Pelecypoda 3.7 3.4 5.7 £45.7 3.6 1.1 
95% C.L. (U) 92 69 13.9 18.1 9.5 3.6 

(L) 14 #16 22 16 «1.2 — 

—equals < 0.05 
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. TABLE 15. Analysis of the averaged northern pike fingerling stomach content showing major 

groupings of organisms from the Pleasant and Pabst Marshes with their mean number and upper and 

lower 95% confidence limit (log) g transformation used). 

| | | Pleasant Lake Marsh 

a 1969 1971 1972 | 

Organism 5/6 5/13 5/21 6/4 4/29 5/4 5/11 5/18 5/24 6/1 5/4 5/11 5/18 5/27 

Cladocera 2.2 2.4 3.8 35 11.7 81 O04 O04 #%15 57 25 62 1.4 
95% C.L. (U) 3.2 44 68 5.0 15.6 120 08 10 2.8 17.0 3.7 9.7. 2.7 

(L) 14 11 20 23 87 54 O02 —- 06 15 16 38 08 . 

Daphnia 22 24 3.8 32 #77 #09 O11 0.1 —_ 0.1 O06 0.1 
95% C.L. (U) 3.2 44 68 46 105 1.5 0.2 0.2 0.2 14 490.1 

. (L) 14 11 20 21 56 04 - — — 0.1 — 

Ceriodaphnia — — 14 03 O09 1.3 
95% C.L. (U) 3.22 O05 1.7 2.4 

(L) . 04 O01 O04 0.6 

Simocephalis 0.1 0.2 0.1 . 
~~ 95%C.L. (UV) 0.2 0.4 0.3 

(L) — _ — | 

Alona 0.1 
95% C.L. (U) 0.2 

(L) — . 

Scapholebris 0.2 1.7 1.4 0.2 0.1 — — 
95% C.L. (U) 0.3 3.1 2.5 0.7 O2 

(L) = 0.8 0.6 ~ = | ) 

Chydorus | 0.5 24 -~ 05 . 
95%C.L. (UU) 0.8 3.8 1.1 | 

(L) 0.2 1.4 0.1 

Bosmina 0.1 1.6 — 2.1 1.6 ~ 
95%C.L. (VU) 0.3 2.9 3.1 3.4 | 

(L) — 0.7 . 14 0.5 | 

| Eurycerus 0.6 . : 
95% C.L.  (U) 3.1 | 

(L) - | 

Unknown — 0.1 — 0.1 O01 O06 2.3 | 
95%C.L. (VU) 0.2 0.3 02 1.2 5.2 

(L) - - — O01 0.7 | | . 

Copepoda 2.8 0.4 0.1 0.2 29.7 32.0 0.6 = 6.6 15.4 0.4 . 
95% C.L. (UU) 43 08 O02 O03 42.0 506 1.1 9.4 20.2 0.7 | 

(L) 1.8 0.1 — 0.1 21.0 20.1 0.2 45 11.7 0.1 | 

Calanoida _ 0.2 0.3 | 
95% C.L. (U) 0.4 0.6 

(L) 0.1 . 

Cy clopidae 2.8 0.4 0.1 O.2 26.8 29.7 0.5 — 5.9 14.7 0.4 | | 
95% C.L. (U) 43 08 02 0.3 38.9 47.0 1.0 8.5 19.3 0.7 

(L) 18 O01 —- 0.1 18.4 18.6 0.2 40 11.1 0.1 ” 

(Nauplius) 1.3 1.2 0.6 0.4 
95% C.L. (U) 2.2 2.1 10 0.8 

(L) 0.6 0.5 0.2 0.1 | 

Ostracoda 0.2 05 O1 O02 O07 04 O38 O38 O08 O04 O3 139 
95%C.L. (U) 04 10 02 04 414 #10 07 O77 2.1 #08 O06 3.4 | 

(L) 0.1 0.1 — — 0.3 - — 0.1 0.1 O10. O11 1.20 | 

Insecta 2.9 3.2 #95 3.1 3.1 120 94 09 58 —- 0.6 1.2 0.2 
95% C.L. (U) 42 4.7 146 4.2 4.7 21.3 12.7 1.7 98 10 18 0.5 | 

(L) 19 2.1 6.1 «2.3 19 65 69 04 3.3 0.3 0.7 — | 

Ephemeroptera — 0.1 0.3 0.7 O02 04 = 1.7 — 0.1 | 
95% C.L. (U) 0.3 0.5 25 04 08 3.8 0.1 

(L) — 0.2 — _ 0.1 0.5 — | 

Odonata 0.1 0.3 01 —- ! 
95% C.L. (U) 0.2 0.6 0.3 

(L) - - - 
Hemiptera 0.1 0.1 0.1 0.4 0.1 

95% C.L. (U) 0.2 0.2 0.4 1.2 0.3 | 
(L) — 0.1 — — — | 

Coleoptera 0.4 0.2 | 
95%C.L. (VU) 0.8 0.4 | 

(L) 0.1 - | 

Diptera 0.1 0.1 — 
95% C.L. (U) 0.1 0.2 

(L) — - 

Trichoptera 2.8 3.1 86 1.9 3.1 7.0 84 03 18 —- 0.6 08 0.2 
95%C.L. (U) 4.1 4.7 13.7) 28 4.7 98 11.3 0.7 3.6 10 13 0.4 

(L) 19 20 5.2 1.3 19 49 6.3 0.1 0.8 02 04 —- | 

Fish — — - 0.1 — — 0.1 0.3 0.2 0.9 
95% C.L. (U) 0.2 0.2 0.5 0.4 1.1 

(L) 0.1 - — 0.1 0.7 

—equals < 0.05



TABLE 15. Continued. 

Pleasant Lake Marsh Pabst Marsh 

978TH TT 
Organism 4/26 5/3 5/10 5/17 5/24 5/29 4/30 5/6 5/13 5/20 5/27 6/8 5/2 5/10 5/19 5/24 5/31 — 

| Cladocera 26 18 15 1.7 #32 50 3.7 O17 142 2.0 5.7 3.7 #411 129 O08 | 3.0 
9%CL. (Ul) 44 3.5 30 29 54 96 52 1.3 21.0 3.1 105 62 419 17.5 1.7 5.7 

(L) 14 #07 06 O8 18 24 26 O03 94 12 29 21 05 95 03 1.4 

Daphnia 0.5 0.1 O7 28 O04 94 O2 06 O1 O05 7.4 
95%C.L. (UU) 1.0 0.1 #15 43 O8 144 O05 13 04 1.1 «2112.3 

(L) 0.2 — 02 17 O1 60 — — —- O01 48 

Ceriodaphnia 0.2 O01 - O07 19 04 0.1 O8 03 30 03 1.3 
95%C.L. (U) 06 0.3 13 3.0 08 02 14 06 5.1 0.5 2.8 

(L) — 03 li - —~ 04 01 16 — 0.4 

Simocephalis | 0.3 0.3 2.1 05 0.3 
95%C.L. (UU) 0.8 0.6 3.7 1.1 0.8 

(L) _ 0.1 1.0 oe — 

Alona 0.3 11 08 0.1 ~ 0.8 
95%®C.L. (UU) O8 25 19 0.4 1.8 

. <l) —- 03 O41 _ 0.2 , 

Scapholebris 0.1 O02 04 1.8 0.1 
95%C.L. (UU) 02 05 O08 4.1 0.2 

Ql) — —~ 01 0.6 _ 

Chydorus 0.3 0.3 0.2 
: 95%C.L. (U) 0.6 06 0.6 

(L) 0.1 0.1 — 

Bosmina 0.7 0.1 0.1 - O1 01 03 — _ 0.1 
95%CL. (U) 14 03 0.2 0.3 03 0.6 0.2 

@) 02 - - -— = ~ 
Eurycerus 0.6 1.1 

95% C.L. (U) 1.3 2.2 
(L) 02 0.3 

| Unknown ~ _ 3.4 06 14 2.5 _ _ 
95%C.L. (U) §5 12 29 42 

(L) 2.0 02 05 13 

Copepoda 70 259 67 18 2.5 O01 311 621 20 18 — ~ 273 154 03 0.1 
95%HCL. (UU) 98 379 115 3.3 4.5 03 39.1 794 33 3.22 33.2 200 0.7 0.4 

©) 49 17.7 3.7 O08 1.2 -— 247 485 11 09 24 118 — _ 

Calanoida _ | 
95%C.L. (U) 

(L) 

Cyclopidae 70 259 6.7 18 2.5 O01 31.1 62.1 20 18 — — 264 15.2 0.3 0.1 
95%CL. (U) 98 37.9 11.5 3.3 4.5 03 39.11 794 3.3 3.1 32.2 19.8 0.7 0.4 

(L) 49 17.7 3.7 08 12 -— 24.7 485 1.1 09 21.7 116 — _ 

(Nauplius) 0.2 0.1 
95%C.L.  (U) 06 0.3 

(L) _ _ 

| Ostracoda 0.2 02 O02 20 03 02 —- O02 10 03 O07 O01 O02 03 49 O05 03 
95%C.L. (UY) 04 04 O05 39 0.7 04 04 1.7 #07 14 02 O03 O07 92 15 06 

(L) _ _ —~- 09 O1 — ~ 05 - O02 = —~ 01 24 — _ 

Insecta 3.5 34 65 2.7 09 8.5 0.3 06 12 86 79 — 03 O04 111 41427 
95%C.L. (U) 50 55 93 44 16 14.6 0.5 1.1 2.0 12.4 102 06 06 20 3.1 

(LL) 23 20 44 #415 04 48 0.1 03 06 59 6.1 0.1 O01 04 O08 

Ephemeroptera 0.1 0.5 0.2 0.1 O05 5.9 _ , 
95% C.L.  (U) 0.2 0.8 0.5 0.3 1.0 8.1 

(L) _ 0.2 —- —~ 02 42 

Odonata 0.1 O03 0.1 
95% C.L. (U) 0.1 O8 0.2 

(L) . _ _ _ 

Hemiptera u) _ _ 0.1 — 0.2 
ECL. ( 0.2 0.4 

(L) _ _ 

Coleoptera _ _ _ _ _ _ 
95%C.L. (U) o 

(L) _ 

Diptera 35 32 65 20 06 85 0.1 0.1 —~ O01 02 
95% C.L. (U) 50 52 93 35 11 146 03 0.2 03 05 

©) 73 #19 44 10 03 48 - 8 - 
Trichoptera 0.3 06 1.0 6.1 0.7 — 0.3 02 O04 12.1 

95% C.L. ? 05 11 17 106 12 06 04 O08 22 
0.1 03 O05 3.3 0.4 0.1 - O1 04 

Fish - 0.2 0.1 02 06 0.7 
95% C.L. (W) 03 02 04 09 09 

(L) a 0.1 03 0.4 

—equals < 0.05



~~ d | 
| 

= 

Cs | 

= | 
S a 

ae | DAY=116 
© @ | SAMPLE = 25. 
S43 | #EMPTY= 0 

QW a. | MEAN#ORG.~ 13.25 
» = L. MM. CLAD. DAPH. CERI. SIMO. ALON. SCAP. CHYD. BOSM. SIDA. UNKN. EURY. ROTA. 

= = MEAN/UNIT 16.320 2.571 0.537 0.245 0.311 0.087 | - 0.719 0.028 — 

—& VAR. = 2.727 0.186 0.086 0.071 0.095 0.018 0.136 0.004 

S & | 95% C.L. (U) 17.000 4.379 1.030 0.603 0.757 0.232 1.438 0.089 
“~S | 95% C.L. (L) 15.640 1.371 0.163 0.212 

= % OCCUR. 100.000 76.000 36.000 16.000 16.000 8.000 36.000 4.000 

S % T.ORG. 19.400 4.048 1.850 2.343 0.654 5.424 0.212 
5 COR. MEAN 4.850 0.930 0.502 0.687 0.138 1.463 0.038 . 

= 
Cy COPE. CALA. CYCL. NAUP. UNKN. OSTR. HYDR. AMPH. EUBR. 

= | MEAN/UNIT 7.014 7.014 : 0.211 
= VAR. = 0.100 0.100 0.034 

95% C.L. (U) 9.815 9.815 0.442 

95% C.L. (L) 4.938 4.938 0.017 

% OCCUR. 96.000 96.000 20.000 
% T. ORG. 52.922 52.922 1.593 

COR. MEAN 9.440 9.440 0.325 

T. INS. EPHE. ODON. HEMI. COLE. DIPTE. TRIC. NEMA. GAST. HIRU. OLIG. PELE. FISH. 
MEAN/UNIT 3.457 3.457 

VAR. = 0.094 0.094 . 

95% C.L. (U) 4.961 4.961 

95% C.L. (L) 2.333 2.333 | 

% OCCUR. 96.000 96.000 

% T. ORG. 26.086 26.086 

COR. MEAN 4.716 4.716 

Abbreviations: L.MM. = length in millimeters; CLAD. = Cladocera; DAPH. = Daphnia; CERI. = Ceriodaphnia; SIMO. = Simocephalus; ALON. = Alona; SCAP. = Scapholeberis; CHYD. = Chydorus; BOSM. = Bosmina: 

SIDA. = Sida; UNKN. = unknown Cladocera; EURY. = Eurycerus; ROTA. = Rotatonia; COPE. = Copepoda; CALA. = Calanoida; CYCL. = Cyclopoida; NAUP. = nauplius; UNKN. = unknown; 

OSTR. = Ostracoda; HYDR. = Hydracarina; AMPH. = Amphipoda; EUBR. = Eubranchiopoda; T. INS. = Total Insecta; EPHE. = Ephemeroptera; ODON. = Odonata; HEMI. = Hemiptera; COLE. = Coleoptera; 

DIPTE. = Diptera; TRIC. = Trichoptera; NEMA. = Nematoda; GAST. = Gastropoda; HIRU. = Hirudinea; OLIG. = Oligochaeta; PELE. = Pelecypoda; FISH. = Fish; - = space is available for other groups; 

VAR. = variance; 95% C.L. (U) = upper 95% confidence limit; 95% C.L. (L) = lower 95% confidence limit; % OCCUR. = percent occurrence;% T. ORG. = percent of total organisms; COR. MEAN = 

corrected mean. 
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south central Wisconsin. (1974) Alexander Zaporozec e Sah, D.R. Knauer, a T. ane ( ) 

No. 79 Effects of stocking northern pike in Murphy Flowage. No. 90 The presettlement vegetation of Columbia County in 
(1974) Howard E. Snow the 1830’s. (1976) William Tans 

; ‘ No. 91 Wisconsin’s participation in the river basin ‘com- 
No. 80 Impact of state land ownership on local economy in missions. (1975) Rahim Oghalai and Mary Mullen 

Wisconsin. (1974) Melville H. Cohee 

No. 92 Endangered and threatened vascular plants in Wis- 

No. 81 Influence of organic pollution on the density and consin. (1976) Robert H. Read 
production of trout in a Wisconsin stream. (1975) 
Oscar M. Brynildson and John W. Mason No. 93 Population and biomass estimates of fishes in Lake 

Wingra. (1976) Warren S. Churchill 

No. 82 Annual production by brook trout in Lawrence Creek No: 94. Catiail =: the signi 5 
= z * - ignificance of its growth, phenology, and 

Aun eleven successive years. (1974) Robert L. carbohydrate storage to its control and management. 
unt. (1976) Arlyn F. Linde, Thomas Janisch, and Dale 

Smith 

No. 83 Lake sturgeon harvest, growth, and recruitment in 
Lake Winnebago, Wisconsin. (1975) Gordon R. No. 95 Recreational use of small streams in Wisconsin. 
Priegel and Thomas L. Wirth (1976) Richard A. Kalnicky 

*Complete list of all technical bulletins in the series available from 
the Wisconsin Department of Natural Resources, 

Box 7921, Madison, Wisconsin 53707.
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