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In response to reported declines in numbers and physical condition of 

leopard frogs (Rana pipiens) in Wisconsin, a study was initiated to acquire 

basic knowledge of leopard frog ecology through statewide and intrastate 
regional surveys of breeding populations and mortality from 1974-76. The 
statewide breeding surveys generally confirmed reports of a severe 
depression in the populations of leopard frogs. Of 301 sites in Wisconsin 
that appeared to provide good habitat, only 15 (5%) were occupied by 
leopard frogs in both 1974 and 1975. In a 7-county study area in East 

Central Wisconsin, only 30% of 83 ponds with suitable leopard frog habitat 
showed any leopard frog activity during 1975 and 1976. 

Only 6% (in 1975) and 23% (in 1976) of the suitable ponds showed 
evidence of breeding activity. However, because of a severe summer 
drought in 1976, only 21% of ponds with breeding activity produced young 
in that year, while 60% of those with breeding activity produced young in 
1975. 

Breeding phenology showed consistent patterns in 1975 and 1976, 
although time of onset of mating varied, apparently requiring air and 
water temperatures of 10 C. Metamorphosis date varied by only about 5 
days in 5 ponds despite much greater differences than this in the 2 years in 
breeding onset dates. Population estimates for breeding ponds in which 
leopard frogs were captured (4 ponds in 1975; 6 in 1976) ranged from 8 to 20 
in 1975 and from 2 to 76 in 1976. 

A call index was devised to estimate leopard frog populations. A 
comparison of its use with mark/recapture estimates showed that the call 
index was a valid measure of the presence of breeding frogs, but served as 
only a rough estimate of population size. 

Sex ratio (believed to be 50:50 based on fall data), size and condition, 

sexual maturity (indicated by a length of 60 mm in females), egg 
development and movement were recorded for frogs captured in spring. 
Movements tended to be short and confined right after breeding to the 
immediate vicinity of the breeding pond. Postbreeding activity gave 

evidence of movement from the breeding pond for foraging and subsequent 
return to the home pond. The maximum movement was 401 m in 5 days. 

Survival rates of newly metamorphosed young ranged from 1% to 6% in 

5 breeding ponds. Sexual maturity data and postemergence movements 
were recorded for young frogs. No spring mortality was observed in the 

breeding ponds. 

Statewide surveys in the fall along standard 0.5-mile transects revealed 
mortality ranging from 4% to 23% of the live frogs observed for the 3 years 
of the survey, although it was as high as 100% on some transects. The east 
central study area had a high proportion of Wisconsin’s live frogs and a 
high mortality rate in both 1974 and 1975. 

Mortality began at a low level soon after hibernating congregations 

formed in the fall, and increased to a peak just before freeze-up when frogs 

were entering the water for hibernation. Sick or dead frogs showed ventral 
skin discoloration, dry skin, and hard muscles. No blood parasites were 

found, nor was evidence of virus. Bacteriological examination revealed 

pathological symptoms in 39% (1975) to 86% (1974) of the frogs autopsied. 
Degenerative liver changes were discovered, some of them suggestive of 
ingestion or absorption of a toxic substance. Toxicity tests showed that the 

herbicide Atrazine retarded growth and lowered survival of tadpoles. 

Monitoring of spring breeding populations and fall mortality should be 
continued on a more concentrated and intensive level to more accurately 

pinpoint and characterize both breeding areas and location and extent of 

mortality. 
The decline in the abundance and health of the leopard frog in 

Wisconsin can be an indicator of stress in the ecological system that should 
not be ignored.
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A decline of northern leopard frogs The leopard frog plays a valuable to obtain preliminary data on Wiscon- 
(Rana pipiens) has been documented role in the natural food chain of count- sin leopard frog populations and mor- 
in several states throughout the coun- less mammals, birds, reptiles, and fish, tality. It consisted of a spring survey in 
try. During the 1960’s, the in helping to control insect pests and selected areas to find ponds for inten- 
United States population was esti- aquatic detritus, and as an experimen- sive study in which the breeding popu- 
mated to have dropped 50% (Gibbs et tal animal in the biological and medical lations could be estimated and moni- 

, al. 1971). There are many accounts of laboratory. The ability of tadpoles to tored throughout the summer, and an 
marked decreases in frog populations, reduce populations of several species extensive fall survey to determine the 
large numbers of dead frogs and eggs of blue-green algae which are often extent and occurrence of leopard frog 
observed in the wild, declines in physi- considered unavailable as food for die-offs at the time of freeze-up and to 
cal condition, and failures in efforts to other vertebrates has been demon- collect specimens for analysis. A pre- 
keep frogs over winter in holding tanks strated by Seale (1980). Tadpoles are liminary report on the 1974 work was 
of biological supply houses (Modern also significant eutrophic indicators. released the following year (Hine et al. 
Medicine 1973). Declines in Although the values of leopard frogs 1975). 
Rana temporaria in England have are recognized, and the species has While the statewide breeding sur- 
also been reported (Cooke and Fergu- been widely used as a laboratory vey begun in 1974 was repeated in 
son 1976). animal, information on life history and 1975, the main focus of spring and 

During the 1960’s in Wisconsin, bio- ecology has been scanty and some of it summer studies in 1975 and 1976 was 
logical supply houses first noted a de- only recently published. In the 1960’s, on a 7-county study area in east central 
creased number of frogs collected, and Dole (1965a and b, 1967, 1968, 1971) Wisconsin. Specific objectives were to 
a reduction in the length of time frogs carried out movement studies of refine our knowledge of the types of 
could be held alive. Scattered out- Rana pipiens in northern Michigan; habitats most likely to be selected as 
breaks of frog mortality were noticed Merrell (1965, 1968, 1970) studied re- breeding areas; establish the popula- 
in the field by frog collectors and in the productive behavior and gene dispersal tion density of leopard frogs in sample 
early 1970’s hundreds of dead and dy- in Minnesota and in 1977 published a ponds and record various characteris- 
ing frogs were reported in several areas synthesis of his life history and ecologi- tics of the adult population; determine 
of the state. The Amphibian Facility cal observations (Merrell 1977); Pace reproductive success; and monitor the 
in Ann Arbor, Michigan, reported that (1972) made systematic and biological emergence and dispersal of the newly 
between 150 and 200 adult female frogs studies of the Rana pipiens complex; metamorphosed young. In the spring 
collected throughout Wisconsin in the and Rittschof (1975) completed an in- of 1978, a survey was run along the es- 
fall of 1973 did not have pigmented vestigation of the natural history and tablished transect in the east central 
eggs, the first time this situation had ecology of the leopard frog in several study area to obtain a follow-up index 
occurred (Richards 1973 pers. comm.) . ponds in northern Michigan. to the leopard frog population. How- 
In preliminary investigations of the In view of the general decline to- ever, no further work was done in 1978. 
scattered outbreaks of mortality, many gether with the mortality observed in The fall survey was continued state- 

frogs had symptoms of advanced Wisconsin, and the lack of adequate wide in 1975 and 1976 to determine 
stages of redleg, a disease caused by basic knowledge on the ecology of leop- where mortality was occurring. and to 
several agents, among them the bacte- ard frogs, an exploratory research identify factors causing it or associated 
rium, Aeromonas hydrophila, which project was set up in the spring of 1974 with it. 
attacks other aquatic species such as 

2 the northern pike (Esox lucius).



“Spot checks” of frog activity were ing similar times of the year, both in examined that represented what ap- 
made in selected areas throughout 1974 and 1975. | -- peared to be good habitat (Fig. 1). 
Wisconsin during the spring and sum- Most searches were made during Comparing these observations with ev- 
mer of 1974-75. This was accom- the day and lasted from 10 minutes to idence that many of the areas without 

plished by selecting from county maps almost 2 hours, depending on the size frogs in 1974 and 1975 had breeding 
areas that contained wetlands along of the area. Night searches were lim- populations in prior years (Richard C. 
major highways. These were located ited to rather open areas and Vogt pers. comm.), we conclude that 
primarily in the south central, west shorelines. | the leopard frog population was se- 
central, and northwestern parts of the During. the breeding season, wet- verely depressed. We conclude this in 
state. Stops were made at wetland lands were also checked by listening spite of the evidence that an increase 

habitats while driving through these for calling males. Areas found to con- in the number of areas used by leopard 
areas. Searches for leopard frogs were tain leopard frogs by hearing calls were frogs occurred in 1975 (7% more than 
then conducted by walking transects listed as having frogs and were not were recorded used in 1974). | 
through various vegetative communi- visually searched. | To substantiate these observations 
ties and disturbing the vegetation. While the whole state was not sys- and lend substance to the conclusion, a 
Areas checked in the spring were pri- tematically surveyed, the data col- detailed study followed, based in the 

‘ marily breeding ponds, and in summer lected afford a clue to statewide leop- east central part of the state where 
also included feeding areas such as wet ard frog populations. Only 15 (5%) leopard frogs had been reported by 
pastures and meadows, lakes, slow- sites with leopard frogs were found Vogt and local frog collectors (pers. 
moving rivers, and streams. All loca- both in 1974 and 1975 among 301 sites comm.). 
tions were examined at least once dur- : 

FIGURE 1. Usage of ponds by leopard frogs in spring and | . 
summer, 1974-75, in selected areas of the state. , 

| . vo. 432WIE 
| Bo | at SSM 

| lloe gncdet Foon | 

"ARS eo Ne sapreo| mk N po | 

7 T 7 RB, +f. ASHLAND A . 

7 BABreee tT TREE as: 
an > | oT — op SF inde | 
a bie | ie SP TOTES TO TT Nydas! 

| 
Fg Beg ye prep rrp re Pp | 

19S Lf! pet BS, Foz] 6/7] «| sizer ze 5 4] 5| 6 7 | 9 a AARC | 
Me aiiene TS . 1 | a: ; TS bf _| 40 Pace P| [fl 6.911 GPPESTo |eaorewg 4 0 a 4, | : | pe +F..ic pro?) [@ege, | |) | | a9 Te fonemn| (OP EI]! | [ojo OMB? 

pre ete fe lob oe [OT ii] PP per Pry iE Lb yer 
. fj Boe; | [3 tt potop ft for | 48 b-.. 51 st + 1° + 

O| | fearon? 7 RUSK | st +z op pop tel § Pei? Ps. eee N | 
| . of ary aR Jel ae Abi Edy if ss 

Pop BRe pete fae epi ° 
po pH | sal off?) | “Teawccaoe [| St py in ow | 
Lt 4. Le Tarior | 33 : I | aan oconro| |" | | lose FI we : seraaar ene ge ey ee rity a | 

POS W817; 161 15) MS 10 9 8 7 43oussseesial sie 7vislo sn iwi is wi itml 9202/2 : | 
pa rone| [oun bp? eats “sams Oi anarnon fe SIO 2 icvoune |? 9 oon erey at | 

te OT eee 9 rey mat yt 7 coop Pat | 
ie te PR Peet] | [eames A 
app ga Hareame 1 tart rok: by bp boyd (| py 27e 

“To ot fo ote. + 0 gee ee | 26 ; \ oe. (TT ee 

fe poe {oto | 25 |wooo' | | eorrace + = |waupaca, ' | | BROWN KEWAUNEE 
= BUFFALO . eupe.| | "OF y rcp cpoperor ; 7 rotor TRI TT one rRemre-| _ | 24 ot . os |... Jouracame | | | Axe 1 | 

QL Le ar ease pa SPST Tee 
| econ eefes ptt peace 

211109 8 7| 6! 5! 6 °5Sy 2 /the a s\ lz. alo wl wissd is 16 rue Adanziles 212d 
' Corea 00 of! Z 5 WAUSHARA t WiNMEBAGO MANITOWOC Voge 

a }i-+ pA vourgel 79 perry fi ++ | (Fe wT feete — Sepp per oT fase 
4 cRosg@] 8 17 MARQUETTE 744 

oo , | 6 7 I | £ , | _ |SMEBOYGAN 

BM, V5 Ss fpomaaucaey [TT 
VERNON, = | ry Prop cl 

. Sauk) iy coLumard i oo0cE | =i fox 
oT i T . al eo | L - Poy ofp joeeere 

@ Frogs present 1974 and 1975 on willy 2b 3456 zie 9 0 I thea | 9 aos LE 
yore | ie. [en TT ONo frogs 1974 and 1975 te howe Ter rt 

i i OS *Qiowa oy JEFFERSON MILWAUKEE 

ONo frogs 1974, present 1975 {= _ GRANT, FB > oP op ime a 
ree EK TLE vba +2 +) | 7g eee 
en Sone EM OG [apes oy 

6éN _ BtAFAVETTE oo | 

fore 2.3. 4.516 7 8 Slay mrsiel isis 7 en izdoizalese



DESCRIPTION OF AREA vided by the Niagara Escarpment, much as 6 in. of water; Type 4—in- 

: those on the eastern slope flowing into land deep fresh marshes: soil covered 
: Lake Michigan and those west, flow- with 6 in. to 3 ft or more of water; and 

An area was chosen for intensive ing into the Fox and Rock rivers and Type 5—inland open fresh water: 

study in 1975-76 in east central Wis- eventually into the Mississippi River. with water usually less than 10 ft deep 
consin that included Door, Kewaunee, The systems include the Ahnapee, and fringed by a border of emergent 

Brown, Manitowoc, Calumet, East and West Twin, Manitowoc, and vegetation. 
Fond du Lac, and Sheboygan coun- Rock rivers, their tributaries, and as- | - | . 

| ties (Fig. 2). That this portion of the sociated springs and wetlands. _ , | 
state apparently supported the highest Lake Michigan, Green Bay, and ‘METHODS ~ 

leopard frog populations was further Lake Winnebago have a moderating , | - 
substantiated by the relative number influence on the climate in the area | 

of frogs collected during the 1974 fall causing less severe temperature trans!- oa . | 

mortality survey. tions than is otherwise normal to cen- Breeding Pond Selection 
' tral Wisconsin. The effect from the | 

: lakes produces a shorter spring due to a . oe ge 
: oe the slow warming of Lake Michigan P reliminary studies indicated the 

Ep . frog populations were at a very low 
and a longer autumn due to its slow | . “td 

. . level, and we decided that random se- 
: cooling. In winter, west and northwest lecti 44 . oe es ection of ponds would not yield a large 

> winds limit the lake’s influence al- . 
fa . enough sample of ponds with leopard 

J = lowing a normal cold season. f . a . rogs to be of significant value. Thus, 
co The warmest month is July with an . : oe | 

| eC ‘7 average temperature between 20.5 and the selection of ponds to be used as a 
r= 1 ? ° _ sample for intensive study was based 
= ns ==] } 1 Af 22.7 C (69-78 n. The coldest month on predetermined criteria. Note 
fom yf is January wit A ond -8 3 C YC. throughout the following description 

we ffl ee ture between an, fthe vo: al preci _ that only areas of “current” leopard 
Cm Seas! ff | 17 F) - Over 4 of the annua’ precipl- frog activity were selected. Unselected 
aN. = tation falls during the growing season, sites might well have been areas of 
= - a . May through September. Anne leopard frog activity in the past. 

| coro are | snowfal “th the « vate t ‘ell " vartin ; Possible choices of study areas were 
cow Sai at 44 in.) with the greates occurring narrowed to only a few counties in the | 

, pe in January ° i t (during April) east central section of the state from 
; The time o about . d-Dee ber) information gathered during the 1974 

FIGURE 2. Location of East and freeze-up (about mid- ecem spring and fall surveys, coupled with 

Central Study Area. varies depending on the vocation or te reports of frog presence from Depart- 

pond. Ponds located in Point Beac ment of Natural Resources personnel. 
State Forest (Manitowoc County) Topographic maps were used to locate 

ws thawed much later than ponds located . ; 
The topography of these counties is . bodies of water and drainage systems 

ar ; in the open. Shallow ponds and those oh ‘tabl . ; 
composed of distinct but low rolling . that might be suitable as overwintering 
hills interspersed with winding lowered in level by lack of summer locations or hibernacula. The factors 
meadow-like valleys. The entire area is rains froze up much more rapidly than required for consideration as a hiber- 
underlain by Niagara dolomite form- deeper ponds. naculum were permanence and size, 
ing the Niagara Escarpment which The primary use of the landtodayis primarily depth. Ponds of a temporary 
gradually slopes eastward. Glacial for agricultural crops (principally hay, | nature or shallow enough to freeze _ 
drift composed of red pebbly clays, corn, cherries, and oats) and dairying solid were not considered for study. 
gravel, and boulders cover the area in (80-85%); 7-10% is classified as com- Ponds within 1.6 km (1 mile) ofa 
varying thicknesses. mercial forests; and 5-10% consists of | possible hibernaculum were initially 

Most lakes and wetlands in the wetlands, rights-of-way, industrial, identified as possible breeding sites. 
northern section are produced between residential, recreation lands,and water This distance was selected on the basis 
low knolls separated by winding ra- areas. of the experience of Vogt (pers. 
vines and shallow depressions left by Wetlands in the east central region comm.) and professional frog collec- 
glacial activity. Precipitation and run- are of 4 types. Classification is in ac- tors (Hacker pers. comm.). Merrell 
off are the sources to maintain their cordance with the U.S. Fish and Wild- (1977) also noted that the distance be- 
levels. Farther south, kettle lakes life Service’s classification (Shaw and tween summering and overwintering 
(lake-filled pits produced by melting Fredine 1956): Type 2—inland fresh _ sites is often 1 or 2 km. Areas located 
ice blocks during the retreat of the gla- meadows: soil usually without stand- within towns, forests, or industrial 
cier) exist in greater numbers with ing water, but waterlogged; Type 3— zones were eliminated, leaving ponds 
75% of the lakes being of that type. inland shallow fresh marshes: soil near streams, wetlands, grasslands in- 

4 The major drainage systems are di- waterlogged and often covered with as cluding agricultural areas, and forest
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FIGURE 3. Potential and actual breeding ponds checked in 1975-76 in the East Central Study Area.



edges as sites for potential covered the entire area out to 50 m aerial photos were mapped from com- 
investigation. from the pond’s edge. Although arbi- pass bearings and measurements taken 

Before ice-out on lakes and ponds, trary this distance was chosen to apply from 2 or more positions along the | 

| the potential sites identified on the a tone to all searches. A dip net pond. | 7 

- topographic maps were visited on a was used to disturb the vegetation an Se 

field survey. Sites currently lacking to probe into crevices to displace frogs _ / 

pones or containing ony margina’y whieh pen otherwise have gone un - Environmental Conditions a 

suitable ponds, and ponds which were noticed. ese searches were made re 
too inaccessible or too close to sources during late morning and early after- 
of pollution, such as barnyards or noon in early spring before leafing out | Environmental conditions (temper- 
heavily salted highways, were elimi- of vegetation had occurred. Frogs were ature, wind speed, relative humidity, . 
nated as possible study areas. _ _ identified to species and adult leopard and percent cloud cover) were 

Shortly after ice-out and before frogs were marked whenever captured. recorded each time observations were — 
frogs came out of hibernation, ponds All ponds were searched in this way made. Air temperature was taken at 

| were revisited and evaluated on the ba- twice and some 3 times until the onset 1 m above the ground and water tem- | 
sis of the following characteristics of breeding. perature at 5-cm depths. Additional 
(those not meeting 4 out of the 5 were In addition to visual searches, call- water temperatures were taken wher- 
eliminated): | ing frogs were located and recorded. __ ever a frog was captured or at 5 cm be- 

; Male leopard frogs, whose calls can be low the water surface. | 

(1) Free standing water was at least easily distinguished from those of | 

1 mindepth, whichundernormal _ ther species in the area, often begin | 
on atie for tadpoles rene vos calling 1-2 weeks in advance of mating, 

August. Pond vegetation was saree ocmde Lofore mating begins Population size and Density 

used as - Mout portent 4 a Merely listening for the call of a male . 
. Ww . : | Reweoulonal pradion from dry to obetd fog during «to Sminte ark and Recapture Estimates 

wet associations, commonly indi- and air temperatures are 10 C or above 
| cated by: alder, willow, cattail, can identify a breeding pond. Because The mark/recapture technique was 

| | sedge, arrowhead, pond lily, and the period required to locate and iden- used throughout this study on all age 

coontail. Information on water tify. these calls is so short, numerous classes of frogs to obtain data on popu- 
conditions could also be obtained ponds over a wide area could be and _ ation levels. Adults were captured in a 

| by consulting local persons knowl- were checked in 24-hour search excur- 9- to 8-day period during the peak of 
edgeable of the pond’s conditions sions. Ponds were visited an average of calling and the beginning of egg laying. 
in previous years. = 4 times before they were abandoned as Young were caught within the first 2 

(2) Vegetation surrounding pond con- having no calling males. _ weeks after metamorphosis. Popula- 

sisted of 50% or more of meadow- Visits to locate frogs either visually tion size was calculated using the 
like grasses, sedges, or emergent or aurally were made under various Schnabel method (Smith 1966:653), a 
aquatic vegetation. weather conditions and light intensi- | method which allows for recaptures to 

| (3) At least 25% of pond surface area ties: visual searches at night were made be counted through time rather than 
was free of emergent vegetation = while wearing ahead lamp. on a one-time basis: 

and could be expected to be open In an initial screening in 1975, 83 . 
through May. , ponds out of 279 examined were se- Marked 

(4) There was less than 50% forest lected as meeting 4 out of the 5 criteria Number animals in oe 

cover on land area extending listed above. These 83 ponds consti- trapped. X _area 

300 mor more out from the pond. tuted the reference study sites, and Sum of recaptures 
(5) The pond was free from any direct were surveyed for the presence of - == Estimated 

source of pollution. breeding frogs in 1975, 1976, and 1978. Population 
. Of these, 7 were studied intensivel 

These requirements were formu- throughout the breeding, summerin y The population estimate was adjusted 
lated on the basis of information snout the 1B» Ting, . 
gained through contacts with persons and fall migration seasons in the first 2 according to the formula described by 

experienced in amphibian require- years: Ahnapee A and B, Netties, Merrell (1968) to compensate for 

ments, and from observations made on Maribel, Long Lake, Neshoto, and —_ fewer females caught in proportion to 
bree ding ponds during the initial Nuclear. None of these ponds, with the those present: - 

stages of this study. exception of Long Lake, are officially 

The presence of leopard frogs was mapped or named but are designated Nm* Nf _F 
the final determinant in selecting 0” Figure 3. 2Nim Na 
ponds for intensive study. Direct vis- 7 

ual and aural searches for frogs in the where N,, = number of males in sam- 

potential study site areas and at other Pond Mapping ples, N¢ = number of females in sam- 

sites where others reported leopard ples, £ = Lincoln-Peterson (here 
frog activity were begun after ice-out Schnabel) estimate, and N,, = adjusted 

and continued until the onset of breed- The ponds selected for intensive estimate. The total number marked 

ing activity. If leopard frogs or breed- study were mapped to record their in- and recaptured for 1975 and 1976 is 

ing activity were not observed by that dividual habitat characteristics. Their | shown in Table 1. 

time, the site was no longer visited general shapes and relations to sur- Searches for frogs were performed 
frequently. rounding features were obtained from at various times during the day and 

| Searching for leopard frogs con- topographic maps and aerial photo- night. Captures in drier habitats were 

sisted of walking through the pond and graphs. Details were filled in on site | made during the daytime, either by 

along its perimeter following overlap- from compass bearings and measure- _hand, or with a 30 mm mesh dip net 
6 ping transects which systematically ments. Ponds too small to appear on 51 cm in diameter. Dole (19655) was



TABLE 1, Number of leopard frogs marked and recaptured during 1975-76. 

: 895 __t96 
| a Male _____Female = _#_s Male CCC LCCFemale 

| Ponds Marked Recaptured Marked Recaptured Marked Recaptured Marked Recaptured 

. ADULTS | 
~Ahnapee A & B 4 14 1 2 6 26 — 1 1 
Netties » 4 11 1 0 8 20 1 0 

Maribel | | 0 0 0 0 0 0 0 0 
Long Lake 14 17 3 1 21 13 5 2 
Neshoto 6 12 0 0 10 17 2 0 

Nuclear 0 0 0 0 13 5 4 0 

Total 28 54 5 | 3 58 81 13 3 

YOUNG Marked Recaptured , Marked Recaptured 

Ahnapee A & B 230 48 | 40 59 
Netties 17 15 24 23 
Long Lake : 98 44 188 68 

Total 345 107 . 252 150 . 

TQ 

4 times more successful in obtaining Call Index (4) were added, and the sum di- 
frogs in upland habitats during the vided by 6 to obtain the number of 
daylight than at night. Data on frog calling were gathered calls heard per minute from all 

Surveys of ponds and other water to determine the feasibility of using a calling males. - 
bodies, however, were more successful call index as a measure of adult male (6) The quotient obtained in 
at night. Night forays involved the use population density. Several ap- step (5) was divided by the 
of a head lamp, with captures made by proaches were tested: different lengths number of calls per minute made 
hand. In darkness frogs are blinded in of listening periods, a variety of listen- by the single frog, step (2) , to 
a beam of light allowing the investiga- ing positions around the pond, and dif- obtain the number of calling 
tor enough time to move through the ferent listening times during a 24-hour males in the pond. 

water and deep muck to capture the period. All estimates of numbers of 
frog. males calling were verified by mark/re- 

as ponds awere systematically capture estimates. | 
searched until the entire area was cov- l sed, Capured frogs were Paced nine jn (eh teseappronees resulted -gg Mass Counts 
dividual plastic mesh bags to prevent dure which was applied at any time 
escape and were examined forexternal = quring a 24-hour period. The call in- Egg masses were counted to obtain 
abnormalities, weighed on a spring bal- dex was calculated from data collected additional information on population 
ance, measured snout to vent using a in six steps as described here: size and also as a measure of breeding 
plastic ruler with the frog flat in the success. It was possible to count all of 
palm of the hand, and marked by toe- (1) After a position was taken at the them because of the small size of the 
‘clipping. Mature males were identified pond edge, 5 minutes were al- test ponds. Searches were made in the 
by the presence of a swollen and pig- lowed for the frogs to resume = warmest part of the pond on calm, 
mented thumb pad. Frogs without a calling. sunny days, if possible. On a Ist pass 
developed thumb pad were listed as fe- (2) The calling rate for the pond was _— the area was scanned for egg masses 
males or immatures. then determined. This was done _— around emergent vegetation 5-10 cm 

Toe-clipping was performed in a by counting all the calls made by a below the water surface. The globular, 
manner similar to that described by single frog during a 5-minute pe- _—_ glistening egg masses looked like 
Martof (1953), with no more than 2 riod, and dividing by 5 to obtain _ slightly crinkled plastic wrap against 
toes clipped on any 1 foot. Toes were the number of calls per minute _ the dark pond bottom. A second pass, 
clipped in the center of a digit to help characteristic of the frogs in that —_— after the sediment settled, was made 
distinguish clipped frogs from those pond under the prevailing farther along the edge or farther out 
accidentally losing toes. Little bleed- conditions. into the pond. 
ing resulted from clipped toes and no (3) All the calls heard during a subse- The dimensions of each egg mass 
regeneration was evident in the course quent 3-minute period were were measured, and the vegetation to 
of this study. counted. which it was attached and its position 

Dole (1965b) also used toe-clipping (4) Steps (1) and (3) were repeated _in the pond were recorded. To prevent 
and observed that the procedure did from a different position at least recounting all masses were marked 
not seem to influence either the activi- 10 m from the 1st position. with 15-cm lengths of red marking tape 
ties or survival of the marked frogs. (5) The results from steps (3) and _ tied to nearby vegetation or to a stake. 1



a ee. res | a eee : . _ a. - ff 2 eehClUr | 1 <a 

| 0 EF ie = “ia : 
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| OURS POPULATION TABLE 2. Spring transect results on 279 potential leopard frog ponds. 

- | = | | Ponds With Ponds With Ponds With Frogs Present . 
| oT - oo Unsuitable Suitable SS 

Breeding Ponds County Habitat* _Habitat* 1975 1976 —_-:1978** | 
| BT Door 4 47 1 2 BO 
_Leeation and Distribution. _ Brown 8 8 t 2 2 . : 

Within the east central section of the | cowaunee 8 88 | 12 a. 4 3 
. . Calumet 19 7 3 5 4 

state, 279. ponds or still water situa- Manitowoc . 55 1B 4 7 6 

tions were identified as possible breed- Fond du Lac 3902s Oo 4 A - 
ing ponds before. field examination in Sheboygan 392 ~=——i‘ié«SDWd? 1: Qo 3. of. 
1975 (Fig. 3). These possible breed- Total 196 83 13(16%) 23(28%)  23(32%) 
ing sites were all within 1.6 km of ma- — 
jor bodies of water which could be uti- _ *Suitability based on passing 4 of 5 criteria outlined in the text. 
lized by the frogs as hibernacula. The **11 ponds were not checked thus making 72 ponds the base for 1978. a 

279 ponds were investigated after the | . a | 
spring thaw and before the frogs ar- — : — ————— 
rived, and 83 were judged suitable as OC 7 . _ 7 | 
leopard frog breeding ponds, meeting 7 | | . | | 
at least 4 of the 5 criteria against which breeding in the spring of 1975 were past and met the criteria used to judge 
all ponds were analyzed for suitability chosen as intensive study areas for ponds for suitability in the spring. 
(Table 2). . - 1975 and 1976. Two other ponds, Netties, Long Lake, and the Ahnapee 

All 83.ponds were checked for frog Ahnapee B and the Nuclear Pond, ponds had relatively stable water levels 
activity during the normal breeding were added in the summer of 1975 be- throughout both summers. At . 
season (April-May) and again during — cause of Pond B’s close proximity to Ahnapee the opportunity to observe. 
the emergence of the young (July-Au- . Ahnapee A and its use by young frogs, the effects of man-made disturbances - 
gust). The second check during July and the Nuclear Pond’s large hatch, presented itself when a farm pond was © 
also insured that no ponds had been. __—i which provided information on the dredged nearby and the dredged mate- 
missed during the breeding period. young of the year. The major charac- rial was dumped along one side of 
Ponds with frogs present ranged from teristics of these areas are summarized Pond A. Vegetation along the perime- 
16% in 1975 to 32% in 1978. At least 1 in Table 3, and cover types are shown ter of the pond was destroyed by this 
pond in which breeding activity had in Figure 4. Generally the ponds were action and siltation became a problem . 
not been observed was found to pro- _—in Type 4 wetlands, inland deep fresh § as rain eroded material from the _ 
duce young. Such ponds were subse- marshes, and Type 5, inland open dredged spill into the pond, degrading 
quently classed as successfully produc- fresh water (Shaw and Fredine 1956). it severely. a 
ing young of the year. oe The ponds provided a variety of The Nuclear Pond was located im- 

Of the 83 ponds judged suitable for conditions of water availability as the mediately adjacent to Lake Michigan, 
breeding use by leopard frogs, only 5 . summer progressed. Maribel and and during storms cold lake water 
(6%) in 1975 and 19 (23%) in 1976 =Neshoto were plagued both years by spilled into the pond cooling it by as 
had signs of breeding activity. early dry-up before any tadpoles could much as several degrees. Because of 

Size and Characteristics. The 5 . metamorphose, even though report- the filling by Lake Michigan, it re- 
8 ponds in which leopard frogs were edly they “always had water” in the mained very stable in depth. .



OO A es 
a oO ee 

ee 

ee o GUN Og ees oe crrtrtr™——™E=’—E—_ | 
FF. 

ll i I yu gun eey 

. a : . so ee ae no Ce Eee ee ee 
eee eS Le ges i EME aM ee GeV ges : % ~=—s=sCsec cc 

a es ee ATE Bike AME 

Lees 
. pon ag ae eg eee og oe a oe

 ne Cee ee ae . FF mee ee ae rae i eee 

a . ees : Heese the ees eS : fa 2 ase en ee gO eee ee oe ge ee ee Po ee (kOe ee 

a ee : " protien: oe. : nt ‘s Beh eee eee Paes CRO een ee pee ee 
Le 

ee ar i 

“esses omesct Feige ae 
s eRe 

ee : : ee ee ee ae fe 
afore | aa 

ee 
i ES oe a’ 

iia Bs oes. . pees SOT ia a ete eta ee eee 2 Sa ES gO gs aes Se eee aes 4 cee MI SY 
fo pe Oe ea Be Be eee eS RH iow ar RE Soe, ae 

eta 
eee @ oe, Be Se a ee ee eee Lo ee eg be ee ae oe ee 

nS eee 

Me mae ; ee 
ee ee ee ee Se 

ee ae ee : OO ee 
ee eee 

eee Re ae ee ee pies ee. ee ee 
ae 

ne ae ae 
ee ee) 

pe ag es eS ee i, OG egg Se une sm ee e
e eee | Pee 

ee a - en Smee oe ee ee a eee oe be eo ee 
QP ce ae 

oe CL 2: ‘vo 

A 
ae ; a ; 7 A cd a Pie ee ee ae an See ae e

e ogee hg conse Oe ee ae a eres eo ee ee ees ee De OS ey 3S gan OS 

» 
oa me ag me 

ie ia i eee ee ee i oe - a Map et" 

are 
Re gr o

e 
ta me tee ke 

a 

| ie eae ce Bl shee 
a 

Cw WRRUE | SS gee 2 ag ee ae aa ae eS a a 
. 

BY a gag ES de f 

aaa oe ee A Res a aes dlr 
MRS OE BEE AO Saar Oe a es RS ye MM ee 

ee ee 
ra 

te re Se ee —<— . -.. 7 wo 
Shs Pee Paks Seni oe 

a: oR Bah Rena ee ee ee cats tise ae ae 

oe: case Ae a race ee BY a ge eg.
 oy gk AE Bee eos. eee es ae atk cae a ee 

ee eee ee a eee ; 
res aac oa vO Os? ig he ce dgbbe - BE gs, peg oe 3 ae a 

Mae LE 
ena 

et eee nee BE ON VOC ae a a 2 a ey ae a ee 

ef rr—“=‘*_‘é=E=‘O“
“*C‘“C‘NSC#CC 

cat 
eed tn a a Pig 

Se as Bag eee hee 
ee 

ee ee ——
 

Cn ae 
ee et rs es ae Tee 

Ft ae ie ge ee. a SE eee eG i re tng wen. ae 

Pee ee Pees Sanat 
 s—“‘_‘_OOO

CsiOiCONCON
OCOCONC‘(;C

 ~ 
et at es Bee? ee: yt ae RE Bee gh SO es i oa en woo ey ; 

beer 8 ee  r—“—t—O—O
—O—O—OC 

EL eee 
; rk Bik er 8 Rene ek 

Saag Le" Pe pa ae oa ae etre Se 

Peer Pe ESSE ee  r—“‘i—i—~
—~—~—~—O—C

OC—C~—S 
eae 

OR ee MOS ey, RE 
an eo, SE ort 

% . pte fs Fae are eee ee ee ee » 

Epp ge a —  r—“‘“‘i<‘<“‘“<i‘
<‘“<‘<‘<‘<‘<‘<‘i‘

C<(ai‘ SC ss 
aig Pe a ae Bae PES 4 aa qr: 

(pot died Pues PETE TR isle cata on 

eos ag Se a 
,rr—”——CO“

(®’NCUNSC 
(RCC er 

oi ee A a ORR QE Tey / oo PB 
*s ee LAO AES Po ae reas 

PE! Be ae 
EE ee 

—“‘_—O—~
s~—~<S 

; 
Re ee Ran: eZ ee ee “4 _ yt OF 

re fo Seedd Bee oem po “ 

EAE PO ES eS —  —“‘“‘“i—i—iOO
OOOOCOtiCOCtCt

CS;:srsSCtisSS
SSCs en a bees ee ere IS Bg ae 5 . ‘ye. ORS PR GS 

a DE Nae Be y 5 gos « i 

S Moko ne Pee a ee Ee ——rt—“—
™—OC,.hU.

__CdsaOCi
siXiNriCi

tCN Cae SRK: ae Mae ey ne gE Sy bie at Vee TN OR OF . . : 
’ book Of 8 pose Bek SB eee as oe on? 

Be ee ee doe aes — rer—r—s
—O“C 

CC ; ee, go Bog eos hn Be ee A Bhs 
Dae UE ies eee eae He - 

PEF eee ee Bones SUE eg 
ee Eee ee =  e

e§.
 

rao A ee a ee tee Re 
OR Oo OE 

oy #2 Bee ae 223: Gee 

Led pepe Sg EE et Se SE SS
 SSE Se lo Sr EN 

once oe
 es a 

+ tena 4 kyon ea Gas ity ESI So sae ia OI 5. al OE a 
: # Eo) SESE EES ee Oa: Hig ‘ees on 

Hee ee ee Gg ee re He ee es 

= > , hos ‘ogmespamapay FE set ROM CL ae ee a ee 
: poremeee ae yes 

we OS Re ae 

See 
lr : ee ae a 

a rrrCC—“—isOOOCO_COCSO 
CRE en 

ee owe a ce eee as ae ee 
Me ig Oe Ps af: a PY a PE eS ee in 

Cer 
Se ee rr 

ee re Se ay es ee a Bae eee ne fo ph oa Fe ae gee be 

See cf go SEE ou sh ee i 
 — 

4 4 ra Cie a a Sir es se om. ae ieee eg ee ae ee Es ae Sate fae 

Sa 
no ee 

See 
8 a ME ee Eng, a Peg. ses aoe eee eg Fee Ee as ce #8 ae 

re 
oP es 

ee a 
# — , aes RB fie nae ge ee a es ie ce 

oe see Pee awe ee 

P Su Pe ee 
ee oe reac A ae 

Ea Pena Sg BES ae ee ae See 
ee es "Ee SE 2 ge eae 

Me te 
ee ee eee  — 

7 -_ ; a Ng gg Pe Oe ay # oo 
OP ere fe 

en 
eee ee ee 

= | ae : CRD PE Me ees ee ss eames ae OE Se Wee La or ee ee og fe Se ane 

es we SEE BEE ee ee 
ere ; cae . em oo 

é a ee So,
 SF is ae as a Gees 

ee AS oe ee 
= | ge ae ee te a tenn SE eee De 

rae To oe ome 

a Praha 
oe : oC

 Bo ae ee en ae we RR ce Pe ee oo oO wt 

ee es Cee a UE ———Urt~sr~—Ss—SsS=—SCi
zCOCONCNCSC oe io a ws ee. +) Le Pe Oe _ Tae see : 

; Ba oe ee ee ee Gale Go A 8 1 
=| | oe SR ee ie ee ae eee Be ee ee ee ae DS Aare Me RE a ate cae aes te eee ae Bitte soa, - 

Bere oe ee BOB Sd egie Sees CPR ge: {RS RSs Sera gist nee ES ae es pee tocar ame ae 3 what a) Be Pa Nad ce Cr ee oa BEET ene a gee a pe. ‘3 ee. ae cs eae ed ee ass aM a eae aes a 

eee ca 
ees pa RS (44 

ee ee es ot ees ee ee ree Pi ea a an te ee ae as poo ae ne ae oe ae nd eee 

ee oes ee ee ROM MRA ag pe OU Bg 
el ae ee a ae ie eget a Sr oo SEER PPE ae ge eee ae ee ee ae ee an eee, Vee eres | 

ar coe a Reems Seca A, Oy 
po Se 

ee Gee a 
ee ae ee ee eee 4 ERE ee Poe oe eso eee ae eee: 

; ae sa ee ae Se coe ase Oe
 Oe See Poe Fe ONO eae ae om Some Mae cme as A eo a SA \ Ee SM eee reas Bio OE OR OE i re’ Cae Pe 

ae gets a Pog ERP 

eG ee on SSN we ae md a ee pe oe 
+ 5 se 7 - ae ae: Be Me a ra 2 ae ae ed ayy Pe ee ae ne eet 

a a aoe Bo an tae Se 
> ae a pees SF ee pe Pe Ge a 

RS oe ager ae ee ee eet ee a m8 oe ran as i Pe nae oe i. ae 
a Fata a ae es is LRA eo Bes oe ae ae Sad bee ia Ve ei Fd cee nes 

4 

Cee Ne ie ee a ha a aR ee oes is 
By 

BARE SS csc espe os eee ucarmn Se 
ign pa Ra cae es a ie eae So aa A i , . Pan eer a a aad oe ees rc ae aa ee 

ee EE Se es hehe, 3 RE Se OLS ee 

; 
> Se i _ , wt ae oo ee ee ie oe ark )|6 a % ae Soe’ ee oe ar & ee are en oe bee a an oe 

eS Sal ee 
ow oe ae if Orme oe ee - *, RE fe ghee oak Sy Po ee ee ee ee ae 

mT ee a he ee ea a eo Cg ren 
SOROS Sek, Sane | ERR Bee a er Ge CC ae eae, Tae ES, °a OG ae a a aes ce See ea ria a 2 ee ee ee ne ect 4 eee Mee eee 

rs Oe at A ae a See 
-. Peres De ee

 ey a ee erat 

ee ee ee re “Keo ee ee oe ae ek 
ee or ee ga 7 a. a Pee Oe RE 

atte ae 7 x 
eo f a E ihe ne Be sci, cuche ge ee ae i ee Fs oS we irr? 

eo: i . a ee a e 
os ae a om ée ees oa Bi i ae ae “ fers i peer Fe % Py 7 oo a ess ee Bes, a ce aes a . Mone corel , Ss 

ce a eg a 
nel a : 

' ree 6s Oe arg. EAS ae eee eee aes 

es 
— re, 5 Ee va: a 

eof oe eet et oe. ae ae & Dt et og ee or ae eer 

clic anes guanamamans scape ses 

EE ST SC TE 
ees & ae . ss bic re pe aa a ne: & ry Oey eae are st ee Bene cae Ee ciao ON Bie car re 

es. a pe eee Ee onan ape oes ac tao est anne 

PS Roos " an ae a Bog Pee Fa a 7 Lao ae ae re a 4 a we ef at aes ek ee we “4 yi ; ae tal 

a ne Pek oe Bee fo ee sien, Skee es 

Ome ry .? me sarees nay Sane: es eres sie re) ie rn en re ee See 
2 hw 

Eo as Pe ee -—.. m,rhrmrm,rrrr—~— 
—  —“‘“OOCO

COCOCSC™C
 . 

PAIS SEE: 
ee ce ere Se 

ea 

pe ae Po 
ee ee 

ee 
«i 

- 
. 

a ae ts; Se 4 4 

ee aS | ee a re r r—r——=” 2  —  r—isisOSCS
sS . : 

“ 

rae ee 

UR a a —<— * re 
See Uae 

SS rr—i—isS—S*S 
: 

: 

i (ier) OE 
= . Cle rt—OSsSSsCSs«C | 

| a : 

-*sF £ wr — 
eee r——Ci*sS 

eRe Sama fs 
eae oi Li 

ee
 

seers . 4 foe ee ae 
ey BES ne Ee Ee

 EMBs Se ER 

: 
. 

ee aa ee : ee —  rrr
rr—r—™O—

——CC 
eee Es 

. 
. 

ce of Se —.hrrmrmtw
~™w~—O—O~O—”

—”—CWSSV 
wos OO 

. 

Bs a et So 5 ae (RES 
— 

ot Mage Te 
i 

oe AS ¥ fo Ag v rs ea r—™—“
_O—CC

S tse SS, + ESS SE SSS 

. 
: 

yee 
po 

Pip eae a a — 

| . SPEER da oo fe 
ee . 

: 

. 

ey - _ oa rT ce r”lrrtrtr—<“i
—eOO—~—CC 

Be eS Pee ae 

ae Pe ae ee eile — 
i 

- 2 EE 
ess 

: : : 
. 

. 
’ : 

: 

co a CS I Ramer 8c: pee 
ee — 

se ee ——“RE det thes gil stealth dpc . 

SESS 
Se ae Fa ee ee ee SR ere i SES SS See 

 - 
- 

| Lien Ge: eae: eo ipa Sta ei oi ee ne 

. eee fT ee ea 
2 —  —r—t—“a

OSs—r——~
—eSN ee see a i a MR in aii e . 

i Nd ee 
See 

c- i.
 

3B. / “ ; ie ee ee 
i, ee * 

: 

SES Paco as A OE
 

— 
—“itistsws

—s—O—O—O—O
COCOCi*S 

rece Zoo 2S Senge eee Re icant aah 
‘ 

as eae Yr 
Se ae — 

—“( 
Cr 

E BS ccc ee 
ee ae. 

ii Le 
rrr—“—=—™—

OCCCCCSsSs
SS 

; 
: I ccs nistocs “a pl eV 

ere j | fd rh Uc 
.Urt<“‘i~—~™

~—S—~—~—~—~—
~—~—C 

; a8 Re ee ee, 

Z oo] eg 
ae |. 

Se ONE Rae 
———~—~

< 

ae eee 
Bee 

Bae po ae Le Se ro 
a 

| | EE ss * 

: s a. 
fF 

ron ‘ 

a ee: eee gS ees As oe ts sar -———
——“= 

<EEED Ce orm 

ee 
Se 

tam fa ll ae Cre. le 
. 

Oo 

-_ .. . aa See Cee 

a I ee a es 7 eee -— 
oo s, 

a 
ee 

Ba bag SE 4 s Se Ro 
rn re re Ree 

ee g
n SES ee Sse ee Pe ee teae 

ES eer 
be see 

a se Bch Soc ee eo Penta Foe ee es pS Ge URES SEES EES Ee 
Pear ees NBER

 NE Pe ee Na 

Bee Be ” 
Bee. 

* ae mi SS ee Meer mee eS 
i Pe - llr 

Ro 
oe Bos eos oo 

ca oe & 5 ae Beis ee Ne cae ae Resse eeu — .. . 
«= eee * og a ae ee 

ee ae i ee 
; be. ee ee ee: ae 

: ee ae ee oh a cae ee 
i. 

eee Bee ote on ene ee a SR cag i ae om 
nee ee rs PF ilacsiaataig 3 io ice 

Nit Bs oe 3 ae ~~ mermetemeeerr
r:—~——~—“‘“‘“

CsiO ee
 me oe Tee “oa eo é ee aa 

eee es ge ea. tenes ei oe 

ad Be 
Ed pe

 Seed ti eI 8 Se: gen ee ee LE ss Meer Ree EE ERS 
re ae. Oe ee 

ee ee er pee me 

iii ie 
| | 3 SR 

ee 
Ce lane ees 

oo. oO Per ene ete ee ee oe eee ee 
a re 

; : ee ° BE ne es So eee ea. 
Pe ee ie ee ee cea Se eee sae, Oe Peers 

a 
ET Ee ae ee SE Ea See oe et Oe ree ee ee ee ae eee oe eee ip SO: ee 

ce. ee ee 

: ae ase Luntgensey ARERR nes oe noe Oe ee IM coe Ce 
ee en ne ec re 

oe 
7 ere oe oe calle SE Oe gee 

ie Cee oe 

gs Sam Ss 

7 
E re ee eae ee OE eee eae —— SST. | wnsaagg a Re OR ae eo OO ae” aR oe TS ae tees ee eas ee ae - COO, 4 

F on a“ ee 

ce 
dn ae: 4 ee 

oe a a ee 
ae f 

Saas 
ae Pa ee , 

ES ee, er cae Se BN Dept Rar De. a Rae RRR Pg Se abe ae eee a ene Bi ERE Pag eke: BIS ot eee es ee mahi 7 

2. ee ek? ee meee 
See ee 

ea enti Bee si ee ele re Oe ae ehh ae eee Ser al Se 

ee... Boy Be ee ars eee # . ae Crt pe es ee a Bas : i NE i ee aan Pee rs 

EASE ees: 
EEL nae ae os end ae a aeons: Soa 

% 4 y a - 4 SR gc ea 
EES eee ee RN at

i emrostcond 
Fe Fe ORE RRC Pa ate es 

A gig EORTC ah ce see SR Oe ee aces eae aaa COE: ek <n. va a 

a 
aa an 

er L re a 8 OE ee i oe 
ore aa cere Rea eee ee 

rr ee ri ae oY lek eT ne pe eee coo aianey aoe 

oe ee 
oe ay att eee ee . ee i ie a 

aan . 

SSR Sean are ce oe See
 a ps cae % ee ee sc ore CSRS Sarna Se ee are 2 re PON eae Si eee ie aa eco 

i ie Pac ag MUSE 3 PR SEO eo Be Ey A 

ee 
eee a or or fk ee. 

ee oo — oo 

ee 
ee ae ee ae oe a 

oo i eee ee OR 
ee Bo eee 

: sb 

SEE EO a Se ee 
LS haut ee a eee ese he Sige eee ee TOROS ie REE SS gee ore ecg See nn ee ce En 

PE on, Are ae Hee a ea ee i Rane WE Saori ae a RRO A Bee a 

[ERE aes SARS So SSE ev Sa se ate ae oniecsomnnn iContact 
— ng e a Ee ee pT Bn oS RRR SON OOO ie pect woe en es ap aes a satiate eG ined ine MSOC et ea ere cot the Deen AES See MBL So Son OMAR Seen Spe epg 

pan ee 
. 

Meets RS eR ORRREE ERS So 
Stage See Pec ee SORE gae cae Mears TEES Se ee oe ae ae SR aS Lee i ite mere Be ee NE etc ae eRe eS orien Rag raat a bee eee: SS ala. ER Cea 

Ree, aie a 

Se 
eG bUte se uke Nee 

tan rr lc ll Ree 2 

ps cp 
ae SS Rw Oh ee ae a ee oe 

EN Orcas he 
Se. ee 

ee 
oe SR 

Be Ree eee 
Bee 

as. Re ec Cee 
aware ee ear eee ec re ie e

e ee 
ae ee a eae h

e bu Ta ee Gare a 

ee oe a 
. rrr—SsSCs 

ee |...
 on, ee ES al F gents ag ie ON gem oe be OB a san ee See 

ae J Opa hes Ae 

oo 
ae Hen 

se 

=. eter Mea : ee Eo eee eet ee 
an ee ee eee ae RE 

lata “Sas ae a 

ce ee 
Sr ee ees oe 

i —— 
= tonmeeen po ae eee: arin eae eee ona CHEE aes and PEE een ge ne ee ee, ie Ee 

pe 

oo he ve Pe ae i a SS 
te 

ee —-— — poo se Peaaaen Se eau es ro ee eer Bey PEE ae oe i ene, oat gh ee ae Me 

ee ae a ee ee EOS Ce oe a 
=... ee re ee, Preah ee Breer « oe oe ee on a ee ee ae ame Re vate 

SES RO ROR OES EE Se ee e
s
 

a Oeheee eee oe ee 
AOS ne aan ae ae aA 

ee ee ae es pevaecee ‘page Sa iy 

PP Oe oe
 a ee cape EET” BBE IGE Ch 

Ce as 

ee ee oe Saran eens es re Rae Eee Sr oe, pr ee 
ee Bog ke NTE a SS 

, ee 
eee ca po ea Ree See te

 ae cee ee RoW RAE Eceslt iay acres 

LS PRETO 5 RO sie a ea ee ee lig eee aire 

Sess . 
gga RO A, EA AE } 

2 os * ear aes aNrUrRC oR eri OEE SER 

B eeGar Panean 

H abitat 
; a RAs ca RS Se 

Sars 
08 . 

re : CS rae SR SS Ss Parr ns Oe “ ees SF SSN RRR eee Gee NR 

_ Son ‘ 2 PRC NN ENE NCS! Oya REO ghses d Rec te Yo gs Rr 
Nae ee SRE et eee 

rr acteri S tic Ss of a. eee Soe: eo aa a Sys oe Bee Vee See 
Se Bee . 

Ce ee ee ec 
eee ee 

eo ard 
° ee re 

ae ee een ee rt ee Ar SEs OS CG CRESS Se aaa gees 

og reed: eed Ba ee Re ee. Bar ere SES 
tee 

ung 7 
OREN cr aan SN ee SR eR ee a 

ee 

: 
- ; aes Ronee SSR RRR TR ROS SR 

Ue ae “host: ° Pa eS... : 

. 

ond 
° og a ea os aR ER ee

e q. Reem eet 

s Cc Cc Ww ° a ee ee Jes RAR ge SSR RR cs gs ge a os 

e Pe rere Be Re AS eS Po oor 
x ee ee PS Ree 

SS Se Ce RON Rs OR oe ERAN SS SSG ne cages ANG a err Seat ES 

Ahna nap ae eee a es ge Mila thy 

ee 9 
ee == aig ie & he & Ns —7 ee R > : oe 

See ope ee 
Oe 

Sa Raa RR So ae RAI SO SERN BATES SS IR BON, SRS eR SOREN SC OS SU Se Se ek Re Ne 

a ee a ates cy Ree 
ee ro a AW ay re eae: Py ae 

B 
or Be BR ach Se ee eS. i ee RS eee Se 

ee ee 

9 ong a. ee, BE OCS 
oO 

oe er eo fee re ce 

tti 
. weet hr oe SS 

ee A ee ek 

e es, and M aribel.
 Car a eS a Fo wee “Ne eo Boos ae es a 

S y m Dp a t r i c An ur S ° 

Ce Rat Sh ae oe 
ae eS eee 

ane is NUE 

RR RR he ce So a Ce Re
 a Seen 

ee. 

: 
. an pecies. 

Fae oe ee et See 4 Stes Oe ar ae ee Sa ere” a or 

er rog specie ll ; 

ee ey AS See 
ee 

Cee = eet 

Ss co ected in and n 

See ON eee pics ae 
Coa te 

oe “ees eee Or 
ee 

th 

ear 

ce es ee 
ace 

nae * eee 

NRE SETS “os SB gekier SS Re a PER... SA as cr RRR RE SRE doth. le eee 

: eir relative 

Se ta 2. ag pes a ; Se Soy SS “ Big ote Ck a ho ie a 

abundance were: Hyl . . . 
ge ahs Re ara ee ee eee 

oR Es foot Ra 
Pe, oc. ee os race ey See ae Be PhS Oe oR “ng, eas Cae ee OSS ee aE eee eG 

° yla cr ucif er Cruci- 

PRR SE a aR ae eo ee ke Ri ae Sees Be aI ge 8 

RRS a peareenes . Re ECR Ca AS SO RRS SE RS 

e 

S58 See SS pp Pes Roan a he , LS ARE BRS SG id AS Ce a Se 
ee 

EAR REP RE BP ERR Oe RE ae han E ee SO SRA SOR SO NEO ES Sg NACE SEL. gf ARS Ga eee” 

er a un - 

= eee’ oe % ee. "ae co ¥ ny ir a 1 . + Sse! aa oaks . ~ a . a eth on i 

? yta versico lor 

mae Oe SR ON re ee w OMG ONES Rie wee so 

a n 

RS oa os aa ee ee a ae. he be SS naa Ee gS 

y la chrysoscelis east 

a: ee ek ek 2 Oa ee ere oo ae Pee a 

a Se SO Naas <  e He SR SON pe ee le 2 7 : ans 

3 ern gray and 

Bs Beh a ww we S S NES ie Soe Tas aN Loe es M ae ae wa aor ae ES ae Mae re et: 

Co e’ 

ee seestr a at oe See eT OS Oy eee Soe eo aa, 

: ORE see CE NE Rae APS se AE AR eek Ne ey rr 

pe’s gray treefro c . 
ae St SC REE ee ne Sh oe a eee 

’ 
. ° 

mon 
9 

RS 7 7 S Sy oe ee 7 . ee ae ay oe ae ee
 eas . “ef a nae A 

seudacris triseri corr 
RMG ee TS Be 

a) Pe RS Ge of od 

la a trisertata 

we OR ee BS SS gs ARS CRN x a a Rr Pa. ae Mee x gy ¥ 

er h 
» West- 

Oe ks fe ate OS alee o oeae NE 
ier, 

hn chorus frog (abundant) . 
cree Ae ee EE Pi a ee eo a are ae 

ana clam it 

? 

an a ~ a ; Ay ae e nd ie _ a. So w me . “ 4 

ro ‘. 5 sf Cea ak a ans ve 
eae RE P "4 % em os 

itans melanota, green f 
RR ae ae Se ne ee 

(co . ’ Tog — 
: we eae OR Pech sc trea 

: mon In 1974; abundant in 

: nn eos ee ee aren ¥ Rea ee + oe x Re he: a Y 

- 

, .. . a on ie ms ¢ et & ee , hs : ss } 

76) : Rana palustris ick 

ps are 
oo ae re ‘ 

; oy mo a Se 
Los Seas Mei eee Sal wg 

(r e) 
3 pic erel frog 

+ 5 ; a ae aes ann ‘ ; Ri ne I . or a , N ra “~— 

° 
» 

ca ane a a a eon ®. \ es We et Soe a v3 

are); and Rana sylvat d 
) ee PRE OES 

vatica, wood Irog 

3 ROTI gp. i. Ae 

uncommon
) e 

; , 7 a « é% ns “ ae eet aS ad Po 
nye ive ae a. . no ’ . 

are 
ge ros Se . ag ry “ * + ' ; c 

Some “ff oo. ares er petra Ke Deen aS a Bhs rs 

i . - 
eR atk Shae § y eee ee 

e 

2 
“ vy Sr i > rene aS ts ®. ws . rh * Pere. 

re ‘ 

7 - a nN a Seon uaF ear re Ne oS a aes , 

Portrait of an “Ide )” ° 

oe 3 ; ne ; rer sets * wk ae . ae ay 

p 
a ree 1 

” am ; j ae Lge a ANE Sa cr rar 

- Pte rc & aes - AN eet a ern cae iM . 2) ne ws, 

ond. errell (1968) described 

1 ae re a cae ae ye eee ee F 

ar H age gh ee ee OS NS Sa |S ae ~ 

ical breeding pond for | 
Be FERS EL Vance a ere. MR 

e 
eopard fro Ss 

are oe : 8 een an ea RG a Pe Sa aa aa a * e 7 7 

Minneso 

i « * roe Y * SS ey ba RAY BN WS ox Ce a \ Cr A a 

, f . a) a . we a ‘y: San SS ee ar eee. " ae Ps x * 

ta as a 

Lh RE? OEY a Oe a Nee pe ear 

mporary pond that 
ae nS 0 a i SO ap pie So Ay 

oes 

SiR © AVES. 6 ont 1) ee Pa 

pport any fish population 
ar are ares. > tae a 

e 

a . os s¢ = 
io we 

ae = oy oY E i ; a ¥ cs oy : 

is not connected with any oth 
rer. Sw, PO ar eg 

water. dri y other body of 
ana eee Sead ce a 

T 
e e e 

: ; S S 
1 &y cat ; a Le ic. vs . F 

rie 
. 

. ' , i Se ee ae _ 

, dries up periodically in time of 
; a ere 

’ ~ 8 _ aw a 4 5 eR ON x 

ar in t 
ad t DeLee ae 

c 

’ ok i: err ay md 

as 
a 

s 
4 * 5 :" , 

. 

: . a ‘ ,



NET T 

era Ta 

. 

ste ,t.v,? ana? da?" : 

4 
aca’ 

. 

" 

wy? tyre ws ¢ Foetevoti
s e+ : : 5 4 

~“ > @ v »s 7 ey e € < a e a ere 

Dither tee CSS EL Tees ee
 a Pat Se 

> 

& 

, A aS eae fe ote ey ra et Te oY <a ” et ee 

| 

a ap arevihs
 i? 2.9 76 on er a ae 45< <4, 

LON 

. 

ELLOS
 RR PE STEER TATE ae tae eye! 

. 

® 2 aa a 
a>? e+*,t%o7? 

3 ; 

. 

“ 
SUSE 

OAs e
rage 

ern vere 

. 

> a bey<% < . 3 -¢ v ? 

. 

Pere
 ee rete ner Mey? tet are vee 

sary te > vee raves, vee atrevner,* 
b eet 

<> 
. a < 

| 

PES SC RRR 
ELS CEST 

REESE
 

CO GGtGT 

{ 

. >“ ar nm ew ante? a ‘ 2”, vera ty» We? 

: 

fh Ry . ne teat etary niaeetarers
 Tee ae ee?

 berets 
CODDTOTOOS

 

| 

< 
> 

> 
» . & 

4 

nee earners PURIST R
OLE AT

EN v*yrr 
age 

" 

eh Re ew atest le se eye trey . watar’, 
ppppppp ppp pdf 

COUNTY ROAD 
” 

> 
ave aavreysts. 

pia a ava et deat ® AP heee vente, 
OO GGG TTT TO Te * 0 * : 

- 

ae eat reg ers eben
 g ha eh > ov ro nven >a, vrs? <r Shp pd tp edgeed, Paget 

SALAS LASSASAS
EL LLL 

2a 7a Se 3 7f casey? raa7ha ht has vey ree tare rhe OCG OT TG GOT d eae CBM TOTTI TD TOOT TG 009979 

ad, t ie a a> ane tae 
pent eee sts Ve ee . pipe deep pea”, ent att OOOO GPO OOO OPED 

GT EO 

Ca 
. a « ‘ s 

* 
. 

4% 

Pe ae wo een eee Sat CEE EEE [ETE 
es 

eo fe “Le a-*¢ 2074 
a eV Ava ue 3 SISOS SL SILLS I, ete 

we we gt Be 77272 SISSTPLL OLS 

ata at tte” 4 “a « 
via ova ute oY VIOLUMLEOASS 

ot fe 
g Ti ese e™ SASS CLLOSASOS

 

wal "#7" 2 tree “fw ® & 
at aAseees dye SLSSLOLSEL

SS SS SIE mae FY 
ss - t<4: gn .* “8-e SSLSA LLL 

Cele 

<. wed ete Se ac 
ete een” 

COCLOSLLS CCGG 0 CA wang all fe SP i= —%-* 
LOCC ELS 

on Ot
 

. . . 
SASSOTS 

~ 4- @ e Pe 
as SAO 

77 

ev — 2° 
vey 

erave «’ a >, SSL 
444447 ~-#-)y - 

ei i, Pe 
4/144 

eo Poe ia 
>a rhe : SOLOLLASS 

alo _f = ate tes | LOOT 
Cre 

>» > ae a 
va rv* as . VIALS 

SLOSS PR 
i aN a ee LALAALS LAS 

e @ a 4 v S 
auf 

SOLOOTOLSSS 
ig #5 Hi + = we 4-g lg = SASS 

ce 

v = - 7-4 
et est At ‘ GOLOSSSASS SS YI hee ae ae 

te 2 
SOLES SS 

n ae he “a bei 
£ were rt e SLSS SOVOULLLL LA Eee

 8a \ 1, O42 et eS SLISSELALS 

> -~- .- asa 
env ty ee? . SOLAS S Sete 

a ot * 0 et 0 Oe 47 COLES 

« 
” fa ata 

>< 4 
SASS 

YAU? hy —_-h- 
. ne ee ®t “a SSSA 

van - > a 
a 

« > > . 44414444 
Lh - en -*- on «2 2a ee > , CLA AE 

| 

e a®.. - ¥n7 ys 
a, %e,? ca YISSS VIOOUMLDAMAAL A Le o- + Sa an en terete 

SSAC TS 

yee 
+ fe ve? 

rire ott setae? pip dbp ppp dd ppegdg Lo te "ec ant fe ent te s+ COCPTTOOOOOE 

arta tT? .~ eet 
atevr ta ata? LOCO GGG TLE ee

 Le
en te tet tS - CODCOD COT 

N att @ ~Valy> 
rahe fee CO GGG GDI A ee g 

ea SOONYAITLL ICAL
 

ae '/ 
es 

fae teeta?
 bY Ubi

 tiitds, “goat | ~ gee _* .. PYISLILS SSS 

< al—o 
<3 

ate ats 
S00SA0C 

LSA AES he -. -iy 
— A ge ~oe* 4414444 

“ 
ats f a . a> CIPLLILAESL 

at 
ee Oe oa ty - Cr 

» 4 

e ae 
4467 3 (,, 

—s “2 772 
et 08 - 277777 

‘ 

«Ta &* 2 <>” 
eo aya ee CM 

Ae eg oles eee tee +> tb ppp, 

oe cE ANETTIES |e" cee esate We eet gl Wt pot ete: Sete 
0060007000 

: « 
Vere 

9 4 > SOS44CF 
S17 MA* ‘oe 2 

*£. 27 = io ee = 4444674047 

. 
«4 - 

aa” 
eat vue? < : SAAS SST 

“= <2 -,- ree am oe _% ~@ «* 
4c 

. 

a vary’ . VIIA 
VILL FE aw Hh Vee AT -¢ » & SOAS 

nae = 
“qr 

ae ae: are seve sega s ila tia te 4 a o£ Ht a ae ~ ma *+,° ae ~~.) Gg 

a ya 
Cag ave ue LOSSLSS 

Yat NA bts S tee 4 at: SOLES S 

ee Ns - 
4? a 

elect a<¢ <” VIL SASSO AA
AAS e _-<_-  ~. ’ ro seee oe a. * = «- as YSIS LLL “7 

a) a. 
<e 

veut aye Ae SOLOSLSSASS ST - ane it 
EERE we mate a Yrs SOLAS 

. 7 
“ 

<e vet SSSA ESS SASS SILAS ea Oa ot “we CREE at a ee SLASSSSSS 

> 

aly a v : 
SLA AS 2 e-g-4 - ate ches wey” eo toe * 4470 

4 

&- ee 
e? 

v au eu oat SASLSSLLS SS SON St AHF y cette. aes” = ~ SSOP ASAS 

.e <7 
ASS 

S444 4S SSSA 22 2 -a ~- ae och Oo ee - a od LSS ESS SAS 

a> 
9? 

wf >.” vn wo ¢ - SA46COSAAAO
AAS % a=, i 7 Lede 

~«* ~ / 4/404 

. 
6 e ° SILLS 

SISOS Lo cte mae ee pee 
s+ SOVOLSS SS 

a 
a> 

+? 
ear be < ye ,2! 

OSLASS LAT 
oe = = a “BEE A OS - - 

“eee 

_ 

« : 7 
S/S 7 a2 = =F 

y Sains ive ese tase 
- SASS 

e4\%. 0 < .* 4 qa7ur7e aye’ ve eeenaiaaegaa
 eager es =e 4 ia Sense ge ee ~ *: CLDEOPTOLETO

TOE 

< er ~~ f- 
< Mf ety o1,? . seeseas ee ii

ieaa ties i ~ 2 4* i _* sist iadiceeets os?
 ~~, COG COG SALS4ACS 

. 

: 2 
YSILLLLL LLL 

SATE ®- + 5m 
ti. Pgs secssesgeeen 

" . - = g* 
SAOELELOEDLS

 

e < 
v A LOCC TOO OG ODT O FOOD ©: Fst a a* Peed 

ers a: SOSOOOLEELLELS 

! SOLS 
mage Pl Peet ay” a M/S SS “fe 

SOAPS 
4407 Ae sees Mee tet ert ~ 

SLULOTL ELS . 

A (a7, + ste 
_< COCO OCOTOTOTAO COGS OD 

ea eA siege 2 + 8 seca aa yeaaneces 

a fo = SS 
7 — CLLSLLAALS 

LOGS SS | ee 3 —- SE eT Th an * -* CLOSLALLALAL
LLS 

5S 
& Oe te pt tee ©; GLOLODOCT OTTO GOTT OD cag ota", AEN © eee COO GoGo gg 

Ate = ---2\y& 

S140A4S 
TSS Tee = os ws en errata e ee a ee ee 4/4000 

ao 
a 

ei > -~a- = 
< 

> , 40040444444
 

2 ca 
a eate ee Bier si eg retest . -@ 7 yy) 

4/47 

re eaeg- «+ -*4y Se. N 
_1 YALALECL 

VIII Feog* @ee ae seyret noes geen 
a 8 | “oe SLOSS SOSSSS 

4 
See a SAS 

<> ca 777 VOUILIDAOT ETT 
Aen te a \EEBEEE eet © 9 eae SELELLS C05 

= = Are 
> 

4 SOOLSLASAS 
“Aen 

abe narod
 ae ys CCOLELLE 

Oo 
eet “a &* 

a 
» VOLELOL SL VISIO LIS oe BGT e segetiieurteet eA | 8 eae AISOALOLA

SS TL 

se -a—e oe oh -*. 
2 : . a LO VIOULELLLELLA

 MS in © KES Bote Sitesesisedgeten 
oan YSIS IS “4 

. 
ae 

[os = ct. 
wi 

‘< eaeeeeaaeiai
 setts eed Sy ky if - iterate cae fe 2% COOGG OOOO OTTO

? 

pesos “2s > “7 CULE tals a eed COC good eos Sas} agen” wg NO eet? 

r ye E aueke SS uNNAMED fs LL 
Sfeog = Re ree on tg tats Am 

ena Be 
-» = 

7 9 PEER Eo ‘a 

Zz v fers Je UNNAMED) Y< POND {* LO NEES By eevee Ses. eee GNM 

© --- ff * 
aa ta 8 

? 
; 4/7 

C4741 ef 2 *_F v- eee ee Eee oie me gO ame a VIS ISSS 

we a= 
os = 

SASSO SSASS 
1 se ee

 athe iets nobis eo
 ke oS sat * 

41477 

tae, POND 2-2: 
a : z COSLLALSLA LL SOCLLS (ee 

Se ES ee ma eee
 

~~ ee 
ett =a 

< SOLES SSS VOLELLLLS 1 pag
e -, pesiener ies ieee eg 

070000055 

oO 
Ke ae OE Ve. " 

" bli 
ilitiid 2 -0.-£ 4. me andi tetera eae Shan PNA

S 

a f.2-- 0% 
ee 

an ISLS ACS YULOLOLLL SL fee = Fad ae SERRE REE NCEE ARS TS al eH ONAL SASS 
i 

.2-2 -¢4 a te * e2\-* 
A ~- +c@- fs" “SASL CCGG O GG SLOTS Se

 ie |e then caiipen ie
ee ott. ay’ GOOG Tt CCE 

ae la a 50 AS ya te ns o> ee «*%e o t CPLA 
MS ASA AAS) Pe ae on aces

s ng eee i ge a | S446 ES SSS . 

| A EefeesS ist peg 7 Ee SEE 
es eet secetea es 

~ ee Sa tS ae ~ +e . » 
40740600 

/ o>." oe WEES SoHE ener ea Oe,
 

04 Hat 
@2{-2 2 s aA at at ead PIILILLLLLS 

IBRD 
SESE age oct te T te - / 

—s— 0. ee eee 2. sg 2 = a> v <” * 
444400460

 
—_ 5 —e 

_-_.s. Puree as eee eee reek — &p. @ 101/11 INY 

“4 SS ree 
e 7<¥4 ? ‘ 

4400 
=~ = = cee ce secant ees era a SG 

. 

ae SS an aoe tO St > * Phar IAs cree MO
 rst aay) MTs ae Sea 2 BL 

Sts 2a SEES. 
27 2% af ’ ’ 

4t7 as A tenet ne Ee
 “2. 

| 
4 Bt Eee neoe Epa terec ay eeeeneae altel ttt REE Reg It eS cele EEN Oe 52 YY 

Z aS. acs 
veteve? eee rt. C

C 
etfs ik -fbe te ~ ee A moe * Fae 67777 

9% 48 oa ea 4 arterrrrys, 
* SASS AS SS 

ge, « 4 
Lee Ft ta LI 

en ef 
+= -5. 

» vue & 7 SSAA ES = i a - _ £-* «@ . 14 

— a 
Pag ee od 

eree tere 
SSSST 

LOTT [henge eS 
te. 2 + & a 8 2 “V7 

C9" De 5 ea 
\tlitreerte

te OGG CGD AGG GDOOTOITT Ste 2 Acne * at eee 4 e
ly, 

te rey ee ~aae] 7 BNR ere? 
SILAS SL VOLOOLEL Le 

eo tT ee Fe nw ag 

A 6h ag ae 
a @ 4 _-_- ae 

>ewgt& 
Stl 

SALAOSSAA
TAS SIG ® 4 ae

 
= Pree 

oe 7 ge” ue a - 4-0 
: 

a- *E- os -g "© Tg- 
eve » . . SOAS 

SS 
oot 4 

ek TGS Ae ee! an ae ~ ae, 

. 

= ge «te ten a -. 
aut t? are SASS 

SLOSS SL —Mogres 
ee Pe “eae * 0% *5 #--e- @ a : 

»_-*f,:-¢ .*---* \ern ts 
to > Ya YL IST SOSA She 

-e ra =~ 2g * e482 2-i- 4 *- 

PS ee 
<7 e eta : SOISTASEAL 

Sen a 2 2 ~t*-2] | 

A 
a2, * 5+ 

eh 
p*eur 

SIOSAASSSAL 
ea 

os? 25 -@: oe 2 244 [e=* 

Soe te te _ 
“7 

LSS S 
é if 

wa ee
 

See ge gto oe 
ete * ta Pl. 

<. ee 

_a Te -So * Oe ag * 

ona Se 5 = et "o> < A awe EEE 

A ane ae ee ee 

wa ge 1 eee a7 4 
> >t 

, 

og Ae, 
Raply 

Ste et TS 
wrt 

teenie See 

Seng a ft a % 4 
a ** 

= a 

“ ete] 
wae: 

LONG LAKE 
“es 

Ut at Se. ates 
ory 

4 

tee SSS 
" 

\ 

ea 5-@ 7-0 e*3 

= 

< 
ta ee *. . 

> 

oe 

p Ore ee Ft 
v 

uo = 

: 

e pF -7 a* -- 4 = 

A 
P --et- ge ty - 4+ 

NE 

_-@- 2 g- 4- a a * 

. 

3 xe ot. —%: 

Cs 

eS ee ey 
, 

s 
WOT 

Set Tes 
: 

— eee 
\ 

| 
Ee ett 

0 : | 

sere SCALE 
: 56 3 

. 
? 

0 6 

oy 

, 

12 
set 
tet 8% oe 

L 

. 

Seen 
| 

OE OES LAL LSS LEGS 
. 

Sent: 

ve 
CM MF / aw. fae ees 

. 
oo. . - 

ae eer 
. 

. 

N 

CAHNAP ER Oe
 eee aoe 

sete 
HOTO 

“poe ~ MY, Ria at rd See Shake de Ree. ears ae Peart erste Sets 
ee ese 

SY 

PO eg LL [EELS ye WS Die cc PE SA Sars Ne ON Se Ree oa A 
Lh wales 

Ee Ly) LXE pa a a ein esd 8 BG ms 2% er eT 
req eeeeae sees 

LA LI pig cena era eer] PRISER We wrn Eee. 
Pou aera 

ee LLY or SLL 2 rn o% <i ; Re ae Ra, SL sa a xa ATARI yh 
SErseeig uasoatere ees 

Mae wae a 4 YY S/S, ete rae tte Se 
eee La one el ea ann CO ip ait 

Sigh eae ae 

OLY 
SPR cee LO ES OE Se Eee OT PO Hatieeman ers 

oe he Ait 
ifs (WATERLOGGED AR eee” © pes — eiseg Rh GA iebsicieasscnectees

 

SLES MLL LY  MEEERE ELE ES eter iS Sr paar Oe aa See 
aieeumerse teeta 

ALLIS, 
Lf EE Se BR

S Mpa Ree re won Bmore . Rielvarhebncee rents 

“ 
: 0 ES Sige -* cient nee EE Rey 

a ahr 
SRR ges eeiacee

e ae 

oo“ foo: % - te at eeleng tae. pe RO Crate Te ed , Cg erat, 
sees e feet ey eee on oy Oso ue tee O58en 

. 

ar oe. Ree eae a 
Ne ran pale t 53 ae m 

arpa teh Estee 

4, VAL Mt ete tp ls LANG s* 2-* 272) SRE eee 
Sn ik See eE aan See oe 

ities eee er Ban 

CS LEL EEL, 1 fff ae 2 e8te 2 scans e ee PE ORE aes een Teen 
ea nnanin a ene enraiern 

’ OL POOL OE Oe | he a te en EE eae Rae fan ee a ars at? 0, 
west Ip ee debates sae esse eet 

SLD i oe Ai Poe tte =e See i BN ENG ENG Oe BS ae ye 
ieee onan betta meinede ne

e 

Oe LO a 
Moe ro 

fs ‘eo *ee oe So Sateen ete Pap 2 as ste Nee any a hehe Ft ae 
eimdnyinab

rentterenm
ncuates 

oo tye ee A 
AE ge tet a git oS 

Be N28 Dy Beate Px ek: 
gigi aueeiticatt pie merat ents 

. woe wot 
! 2 oS ee eg ae re 

aay 2 eee ran ae ra 
gored geen Te Stet ee sel so esbecetpeye Seen a sete 

, oo re 
Se «*® —* ese 5 ss Sinate 

b SA 
aa 

‘ Shao Zs 
IIS ESTE 

eat res tentierees a
tte 

rns, aS eet gen + Fete eRe Eee % Ee 8 NS ear ay Sete pS 
SSeS 

eae ee 

. pe te . . : 

me Nia eS 
“ i 

‘ a nap a an * % 
1 oot co ete ee 8% LL Lk 

ee oe Sete ere esiek ee 

pe CE Lf fn ne eS oye sete ditieg se Sa aoe On Pr eon eT tak 
Sh Ae ee eraeet se 

ow yp vi fet tS gS C8 et SEs eae Soa Y Rat Oo ITE at er AA? te : oo ie SPT eres eee oe ee eA ee ese es 

ae Co OR
 . > o*.*. ~ ae see 

8 Ba NS ES Br eS b , : oH asec oset
ia ea ee Nes

s oe 

a LYK S| Pe = a> eo Seer 
fe Fe ER SZ tie 

BaU BRS ee rian eines iar
 

ep SI |i f&ree: F ee” Yess sees ahs deed Seis SAA ee Ny AAO MaagY BAER 
ee 

Oe ALN Seen et NAS Ee pee Fp Sete aaes nt 
ieeTere he reagents aera

 Rrra CHANNELIZED 

of 7 af : ee. 
Call - Freestate 

Pee Rem. Foe) RB 
Yop: , 

ie tee 
0 8 oarae oo oe cake t* sole eet ye res 

COLLET AL 282 ee at 2. puck ieee ae. Bas: tae as 
Run aene eae HR eee ane eS 

PE ee, “di dt Fier ere
s fs ree ee Sr ees eat REA ee 

RESET ae
s OER Ue eae 

AM 

Oe 
a AB eS - ef. 

Le Mae Pee RRS ; AS “AS Oy eS ee 
Peete Se seat See tes cese id SESE atest at ea eats 

, 

OLLIE OE 
A! a 53 t per. fs a fates bs tated RS SMS TAY 

perio TER 
ES HUsiaaan eei

rante ey 

oe oe alee: - Pa See aes SEES I TE AHS Og Siac | PEST en PAE e
e 

oe Ot oe tf, Ae tl ew 
*e 

a .* [esate As TE LE tee, ae et SIRs, 14043 
wns Wies

e ete eee 
eee THER

A ie Eee 

te OE OLN | a-o Oe 
Te og: OEE. 

S 5 ial Ban 8, Se Rea AS A 
Ecorse aero ete e ae Seas nities Seo cate SSPE

 

Sea LAL Ly LOR i | Rega eat Pe a 9 xP Eee see ia Pate ara x 
REA ERR 

Rea ae accede Nspegeretesaaeeisiesc e
set 

PALS Toe Ne = e- fo = eee es ; ak Wag 38 Se oes 
+ este teste dso. eee tb gaits ee tee i iaente siesta

 Bacon f 

YL L Ap op LIS a. ta iP 4 Tat ec 
Reece Raa Aart 

{EERE EN
A ES ee ei 

: M“ fo L, oP a %* én- “ ae eRe , AN aN a aes rs Dumete ee: 
Repairers 

og seaeeceeen WE ibttestes ee 

. 

: y byt Ne ag ot ‘be “=e* SN 3 , ast $. je we Ye * 2 es. 
fe sence te 

= aie 8 68 MES cone cenneee Re 

Z 
ta a a iW.< so sat A aa ~~ Pens aR, ss 

ste Sees ot8s, 08 se -*.-* 7.12. wean ei8s uae 
: 

LLL, Lo SLL || | | | 23 ney e 2 oe a oe oe STP Say 15 
ep megaees ot ae: moet 8 Het x car 

COOL MO fe NM “4! Fe eM 4 bp at ea G  tahd 5 = Sen Sa ee pa 
hpeesr eet 

Org Fret er a see 
liners 

we eo ee, ry dd te? “eo ea Meh: si rf y yr) >! we, Sk: 2 wer 
SS Ter ess 

*-.- Te 
Ag tem ~~ * Fi 

OO yp A: »?. - OW: a: 6 ag ey Sn 2c 
reso ata ede eb leee ee ee Oe 

Ee a_* Rs isiete testes" 

OO ee Ce tet }  \eatee SE eee: VITAE Pyne 
SEE ee te cae te 0 eat fee. e sya eassee 

. ons 
OP Spore 

i ‘e*s* « me . a-%. pose x ee A. CANE: Ne . “Sy a9 RINT? 
‘ve eee 

ee. @ --4 4 —- ane > 7 , Poms eta eerie 

ee Se got: po Os ae QO 2002 SE oo BS ae Le oat a3 SOs pi 
sted ceteererty ce _—_e_* c+ 7 eo stgelSsteste ssccecenens 

eg Ey A BIBI Ts Yat S ail © RE RRR! amas Seas PERUSE Tate le tee rptaniesst Socsrece 

wo ee pe ee ey: y © * eT ty. oh pine FARR, Sw ne pee ; 
ingen Se eT i-jeu fee “-* 

eto see rit 
NX 

YA LY . fer. stp CE. ate peg aaa aoe h APS - RS te greg eon 
nissaig ne tiraean 

UL fo. 08 ff \ -a-¢ Vl oP AT Nn SIE a SAREE 
eg 

see ae 

ELLY a oy%e87 BS ROR a ne eh Rea Sat esp S54, 
aetna aS 

Boers ie 
oe ys Re aa ewe AS ZR 

giiuhe ss ee e¢l4we 
re reerega ies Sesteees eege Eee erties 

won 
a a _*. =! 

L et 
‘Sy y sa.5° 

wR 

Og tte oe, fetes” e a 
i 

reco 'e.? of. ce 9 no nett eee e! ets 

a . ae 
jo t= e+ oe 

- . at an Oe a RRS 0-2 doe! 
Se ee ge 

x—- 
SN Sscest hes, of Sess ee le taeres TO RI 

Jovy 
o @* . 

\e 4 aS wy Sage ARN oR Se i, 
Se 

OP Pt aC SOT eee SEE oo“ 

ee ones SS POND A 2 oe ere SSSA SS ‘ RPS y 
TES 

Sain eachote
ecgees 

a a oF eet: 
\}o* 4 ie av se EOI TR 

Bee ee 
\WeeEes spe ii ete See 

Po ae Fe tN oid Bese eA TT: fAtpaesie: ee 
e pet eae hee eae 

ae ae Ret oat: 
fe? a 

BAe es 
Lota eee 

at ot": cede o eee ese Ree aT te 

Te ak Ly iW tee? a 
Yew 2% 7 Gi ee ee A wete 

iiyee ie nee . 
ame Sinie atcane eee

 Ezy 

Le | 
! ' o_ 9 ee a 

*_- » 
5 Sa ee 

Pe. ° re eee ter le! 

_= ~ a - fe wre 8 90" BOR
E eer o38 oes,*: °. 

iti 22 SS 
74-235 Pd 

raft BRS ee Se} See eee = NESH 
eres Ree

ce eee 

ms te 2S 
2 oe ~~ § 

Suse 
SERB ge 

OTO 9.42 _-= Sasa Re See sre ecteeg wena eagees bees On 

Uo) Weg ere rr ete se sa tech ff J BAS RANE NE Se 
SA SEER ER ae 

tee: mgheecg haar enaeeer na 
aa 

3 Aeyese-See te
t + e° cree 

OB 
Cte tr ee Sy 3S: We 

fre 
a 

¢-* =e te heuer es Hake eee 
eee 

Oe oo + bg 2 et B 
Serre ta * Sete. 

Evin 
‘=. + %* * Ro Nete gs feted pete ees Ieelgidsagiesecssess 

tes ee rere hte a 
eee rt Oe OO nn eee eta 

oo ee Be Se eee Orel es -.# 
~*~ -o-- a ea feet eee, tee ents Sai ae cde CABS e eee Saeoas 

ee Le 
SSIES SO cA TET 

lect eet ete 
a *--@-9 ---* open ntna akaeseeme

aee nema e 

- COUNTY RO 

ee Se ESE 
sobeeeitiegen see eee nb ae 

+ ong 5. #. # o-t¥. steed Seek, Tees eset et ores es, ssoels ges Heteneeeenne . 

ee A ee heat 
Putting

 
= -—@ *e* ae Pee Aiea nia oats toess CRE TERT RI 

. — 
ae eed inkigttie: ~ 

a * _& @._,-4*: 
Pe3 secre ist tens sheen piece sdeseetenee

ee py geetee 

’ 

PE be ee 2-45 

~~ a 2 - Felten at woe A ase erenet ge ae 00 00's ot aes! et ate Pek 08 ee oe 

’ 

sss: CPSs 
he —_* >= Bee ceria ee wae gee es, P

ace (a lens oer eo no fare Oe es: 

: 

MISUSE ey 
- 

2* al A Oe Qe ee Lessee yatta Mere tees ekecase Fees 

: 
? 

we Petite
 eee 

ate F-9oe --* imsass wets agrees eiei esate
 MT eea ET yET 

- 
. 

TELS See 
wo? *+-@ et) ei oge ihc eae spots Stes teenie tee sotdeeeee 

i 
- + 

* nee en 

Hieeiitiereti
et en ae _-& 24-70 tf 

— fev ect: Si gates de fisert sit S Feet Boece rs 

> —_—o ~".e.”- 
: yen SF ng Non fae, ha” a . 

Lapin tans Seaaet
e ~— ae "ft -S -e =5 SEES ie va e

e Ra
 

LE IILAL LE ELE IT ALLE 
. 

VARS ae yt ore Me Oe 
ge ee erusciec es ® - Ke et >= Se ge eee

 at recta et et pie aN 

PAPEL ETL EEL ELS 
: 

- PAS Al eA Wet ES ea 
Sweats werietetee sees os reer WO cate Soe re hion steeper 

Oinn tage witiettets ssa nae 

woe ia
 Yi PSSILLD 

: POND 
A +} Seaton! , "Se Ny Sa mY Tp . 

reese Raed eet ece rege ee eae ee ET 
ies fin see

m a en ene ee Mss eee cco cea mie spot sterestts wreteted Me egeet tayeree® 

ppp ty GT Cio . B . Vet we Me 
ov WN Sy 

Pea eer eect
 Prete eaes ners gee Pegi eee Sra SEEN

 eae ae ons eee ace Sete et Tes oe gee eas cones 

COTO OC COO OG ees ' oe . 
Tah BIT VON. west Ares 

Bidet: co
e TES oe gee nae Ee PERSE SPEER i og denen ees toee seSa seen Se 

et sieeeese sons 

SPOOLS ELITI
ST Corte eee re se td, ®% 

. yo LYS ywss* BPS
: 2923 

orp ea perscsnben es” Sere, Sods Bete een eente wet eented oes wees o
re ees, Eee

 SE 38 BeBe TS Te teeny PPS base. tes WN Tete ON Slee cee! 

COG Gobo bobs Cee LOD toe . 
. ‘ Se ww”. 33 -f 34 se 

ieee Mee cip
ro eighti

es Se oatg tet eS satis Hee reen cet oaeaese meee otegiectel 

+7 LEEES , A; : 
. 

Y RETR PS 
SR eee OGL

 we oe wees eee Se gree R
es ere re pate me oe fanens Se Sess itee set She cis ce sie 

Boe OLE EN 
~27. ff RR WER ee 

Peabo teeenae PRS a Re gevaietee inne LSE SU Le OS ORE 

eae 
4S OES 

: 

aa Ve “+3 

ste c08 meeyette eee welt rEAe Sel Nett wees e, setae Oo ee ee! ap cee 
Me canst ats eo bet oo

 a Eston ce tote PS tet ees eee ay tae =, 

n eeaeeseesecers yes SOCIO OEN GS, erst 8 Me C3 SE TINT, "vr 
e
e
 eee

 oor eee ee SS: 

AOL E Dee ae cere 7 oi rom eS SESE GN ata 37a 
ee 

eee 

EGG LE NT gs See RUE Cty 
Sepia Gui erent rita E

e ae 

CPT 
Gs een Gate Ey BSS Soap 

Das ates C
ee 

a 

Veen They ose . POLPLED a? . . ia: ates,’ oer ien 

“Stes ase Ak ne seen eeceotest og hes a eB ee Tete te tess Vent! Son Ais tty 

“74 COLES re ee COPCELLEL AL Oe LIAS AS 
ak te weg 

SEP Ke eee ee settee ss fyerteee wien eet e, ee ates toa er eet Pan hie eee - Coen 

CL 
LE ETT TON Bate 

ee
l 

a Wp ta 3a) > 

eR EERE E
ee 

ee 

7 
LE, COLLIE

 ae a OS 

iodinci mines ane eens ee
e ee eee 

. 
. Oey OLS LLOL ALES Ee Ce OA ASL LIL YS ay Y 

DASE 
ae eet Rage esti ge sae seers eet elie s fee geet 

a, OO 
EG nee 

egy aan Seam iecgeeee ees 

eo! 
MP OT, COL ee Cs 

OER SE Ae ee Sa R
e 

a po ee te 
Coe ee 

af OPEL EOD pO T 

. EEE ee EEE ea eag
er ee ” 

aa a 
ae ‘ OOS Ee 

a SOLED LS boa EPL? Sects 

ASSES
 SOO Ba 

: 

ae oro toe eet ete
 es” DOP POOP EEE. 

. . 

. eraser eee 
. 

eee Leet lpleee fe res LOCA I eae ea ee wy as 

eo eag Sees eee” 

LE OD
 IGE UGS 

bene) 
SOE 

SCALE-METERS 

: 

Cathe LC eae ea eeee se 
OOO

O 
ee
 

ee 
as LOCO 

Leet 
0 45 

SSOSSS 
aaa COO Oat 

 ] is 

DLPLOLLILEO
ELELLOELE 

4. Cover maps of study ponds 
, 2 

e



MARIBEL : | . LAKE MICHIGAN NUCLEAR 

| | SVT SS | 
PPP tat | Pel yy ti . "7 

| | Pt HH RTE SAND BAR Fg, SAND BAR 
. | pil ; ® fora « % Lee Legere A ea Care eae 

: . : i | he * 6 eee . Oy Cv tba ts ae % arate ure rat ie 
j : | i -¢. = 22>; ~a® a2 *)- ‘oie! gt € os wv a a? ae & 2 <4 

| | Wy ? | | | I i p © Assess. Side aes LE ens 
| oe nUneeee | WEG hoa wife ee Ae eI eed: TELE Saat 3Esy iro Ss eee | iti ; yma sores | don Sete fee 8 Se CTA ats | | ii | : J Rane ee Ses ort eee 

| | MTEL WY DMB Ste SRE Sf arate te ees 
| EEE TTT Hf : 2 fee pees” Soha lentes 44 Sissi 

| Wy ats =e OO SANSPEA Seba h a siiiece: 
| | | | | li | = “<4 — <f% Sues. * Ze set eee rene 

| . | | | | 2s Fr : .* ve a oe ere * -- . o Se . . v*. 

i caen a eget. ee ee Dees THT I. ql WEL oT. ee ON St Se SS ey 
| } | add! 47 @r. woe we Ne nk rae tLe Oe 

: | | Ht] | pipts oly bie ge ee er te 82 
| al ne aoe  Eeactek Na sc pees: 

| deere Ep YI [fo 22 fs | wee ses Set\ Te ee 
Se ett ~ | | { 1 | i a ™tA? ee et ae i a aa “pea 

. f yw = <a | if | jo *- « ie >? . ote Tete oi a 8 Pate ec ace . 

| TTT ee Lh asi, Se j > I | | |: Cha. St ei ot Fe oe ae Seats 

| Vi, | , | oe 4 s f. 2 -. ~ . . oyatasel 2% ‘2% a ens Te tae . 

4 au | if pepe aot | pS Ee ett ee ae | g | ne Hee TeL eS see LETTS te 
: © : { a \ | | | | : i i * "2 - *..5te < oan .* aa se -7-" *. -* wes se4 . >s ren ve . vo o4%t 

| GEA || i | Ue fee SS wise Pl eth TMs | . | | : ~" rae - ee ee Sere ae “7 “i sreriete “! weet ye a eet ee 

> , | | | | i ea oe e NS OE te gg Oe F =: “ p".* at pre eA yte ee tet ae , - iN | | | | | | l | he Oe a e-its Sete pf Te sie SEs SoA Tater? 

2 . FT|) TOE AN Tee 
8 | | | | | ‘ / ice ve 2 “as. ° “a! =. om “2 OF ae oe fos vase tbas 1 > a eet 

, : . | | | I{! ff. “y state, : > + . tt = -~ ~ ‘ aaeie ‘ Sasa . x 3s cas woe eae . 

| | | . , + vewsty A Sie 7 * «0° x. ~ Usa se Se ie ast ae tee ak 

. { | | ‘ eg 4 0% te ee mat ae Eee tS re Herre un errr. | | | | | | | | S," “7? wteg eS = = A wee tle seat a age cate? e . ac 

| HHP yy et AS 7/7 
i ! | | | . J. y cor »€ cceve v 2 é rere’ 7 ° ‘ < Yj / 7 

| | fi nn | . / vt aye? rae tet aay lf WI fe: 
| | jt! WY / // | > > Teter * Yf, . yy, WY pL 

: LA. VL LLL SA. . Vj f / ‘tf. /| Z VILL f, Si Lp 6 

qty | CATTAILS, SEDGES ASPEN/ALDER to 
| _ SCALE-METERS 

| oO 6 12 24 | il TALL GRASS WILLOW/ALDER 

| — — SHORT GRASS wooos 

| MARIBEL CAVES COUNTY PARK ROAD Y UNCUT HAYFIELD [*7] rock WITH SPARSE GRASS 

s : CUT HAYFIELD 

TABLE 3. Characteristics of ponds selected as intensive study areas.* 
| | 

Percent Surface Percent Surface 
Area Covered Area Covered 

Surface Area Depth Bottom by Submergent by Emergent Perimeter 
Type water (ha) (m) Flow substrate Vegetation Vegetation Vegetation Drainage Area 

eee enneee eee anaes 
ye Se hr s ssp SiSSSSPESSD 

Ahnapee Pond 0.32 Max. 2.4 ground water silt and muck 60 50 30% willow 50% Hay 
. Pond A Min. 1.5 and runoff . | 7 20% cattails 30% Cedar 

Kewaunee Co. 50% grasssp. 10% Orchard 
10% roadway 

Ahnapee Pond 0.16 Max. 2.4 ground water silt and muck 80 80 40% willow 70% Hay 
Pond B Min. 0.5 and runoff 60% grasssp. 20% Cedar 
Kewaunee Co. 10% roadway 

S—S——L eee Tae TASS SD TSS SAAS Sh Te Si pS TS 

Netties abandoned 0.14 1.2 ground water gravel overlain 60 80 90% cattails 50% grass 
Kewaunee Co. gravel pit with decayed | 10% gravel 40% gravel 

veg. 10% roadway 

Maribel Pond 0.04 Max. 1.2 runoff Muck 10 30 25% willow 90% hay 
Manitowoc Co. Min. dry 30% cattails 10% roadway 

45% grass sp. _— eee LE A EA TOSS Ser Shs pre th ess SSSSSSSSS 

Long Lake Dead end 0.02 Max. 3 runoff silt and 30 80 90% cattails 90% hay 
Manitowoc Co. channel off lake Min. 2 decaying veg. 10% willow 10% road My 

Neshoto Shale pit 0.04 Max. 1 runoff shale overlain None 75 40% alder 90% shale 
Brown Co. Min. dry with decayed 40% willow 10% grass 

veg. a 20% dogwood 
-Nuclear Pond 1.52 Max. 3 runoff including silt and muck ‘10 80 80% cattails 90% oatfield 
Manitowoc Co. Min. 2 Lake Michigan 15% willow 5% grass 

overflow 5% sand 5% roadway 

*In spring at the beginning of the calling period.



: | which produced young (Table 4). 

oe a | In 1976, 23 of the 83 suitable ponds. 

| os, | i. had frogs present in early spring; 19 of 
, a oe TABLE 4. Summary of breeding pond activity. these ed breeding activity, e evi- 

. , I denced by calling frogs, egg masses, 
| | a a , _ 1975 9 and tadpoles (Table 4). A drought in- 

| | _ | ___No. Percent No. Percent the summer, recorded by the National 

| - to Suitable breeding . Weather Bureau as the worst since 

oh _ ponds (without ae | 1869 for much of Wisconsin, destroyed 
| : frogs) 8 = 83 - most of the ponds with tadpoles, al-. 

| Ponds with frogs sd 16 238 lowing only 4 ponds to produce emerg- 
. | Ponds with breeding | ing young 

a | activity 5 6 19 23 Al yO ad 
| | -. Ponds with young of | most twice as many ponds ha | 

a oe the year 3 4 4 - 6 frogs present in 1976 as in 1975, and 4 

oo oe Percent ponds with : times as many showed evidence of 

| t _ breeding activity breeding activity in 1976. The increase ’ 

| oe -*.. . * producing young ~ - 60 21 - _ in breeding activity in 1976 may have 
a been due to a greater number of frogs: 

| | Oe . which had emerged in 1974 and were 
| : oo | a sexually immature in 1975. The good 

| : — _ climatic conditions in the late summer 

. Lo | ee a | and fall of 1975 most likely allowed a 
7 - . a | | relatively high proportion of them, 

| | | | | | | now sexually mature, to enter hiberna- . 
| Co - 7 | | | tion and later to emerge in 1976 to 

- drought, and has a maximum depth of gent vegetation which in turn pro- breed during the early wet spring. 

| - 1.5-2 m. | a | vides more cover. | The percentage of ponds with 

Upon combining all the data gath- (5) Pond exposure: Open water ex- breeding activity that produced young 

| ered on characteristics of the ponds posed to the direct rays of the sun was 60% in 1975 and 21% in 1976. The 

used by leopard frogs for breeding in through most of the day aids in low success rate in 1976, in spite of a 

the east central study area, we suggest =~ ~—i the warming of the pond. Ponds larger breeding population, was caused 

the following. characteristics for an. - or areas of ponds that warm first by the severe drought. In 1976, 79% of 

“ideal pond”. These represent refine- | usually have the most breeding the study areas dried up before the , 

ment, based on 2 years of field study, of . © — activity. - young emerged, while in 1975, only 

the original criteria. (6) Surrounding land: Inland fresh 40% dried up. | 

| . og . - » meadows (Type 2 wetlands) or During both years, only 30% of the. 
(1) Distance from hibernaculum: inland fresh shallow marshes 83 suitable ponds showed any frog ac- 

- Ponds within 1.6 km from a hi- ~~ (Type 3 wetland) , unmowed pas- tivity. Such evidence possibly indi- 
bernaculum are more likely to be tures, and hayfield are preferred. cates an already low population of 
located by adults seeking breed- Land around the pond is impor- leopard frogs. Although figures are not 

— «Ds pond s in the spring; con- tant as summer habitat for adults available, the reports of professional 
versely in the fall, young frogs after breeding, for juvenile frog collectors indicate that past densi- 
leaving their juvenile ranges are growth, and later on as a highway ties of leopard frogs were considerably 

more likely to find as uitable hi- for young frogs during their fall higher than those found during these 

| bernaculum. This distance was - migration. Grassy meadow areas study years. : | | 
| originally selected on the basis of with a high moisture content pro- . . 

Merrell’s (1968) observations and vide ideal cover and feeding Breeding Phenology. Breeding 

on the experience of Wisconsin | habitat. A field under cultivation time varied by several weeks over the 

frog collectors, and is supported | does not. | 2-year study, since in maintaining 

by our studies. - (7) Permanence of water: Standing their own internal body temperatures, 

(2) Depth in spring: Ponds 1.5 m or , water in the pond most of the time leopard frogs are completely depen- 

| more in depth generally have a — throughout the year is necessary dent upon environmental tempera- 

better balance of open water to to maintain the desired balance of tures.. Thus the onset of breeding 

_ -vegetation cover. Depth appeared vegetative cover. However, it is (calling by males) appeared to depend 

to be more important than area of necessary for the pond to dry up upon water temperatures reaching at 

pond.. every decade or so to eliminate least 10 C. At no time in the approxi- 

(3) Littoral vegetation: Emergent any fish population that may have mately 180 hours of observation time 

 -vegetation (e.g., cattail, sedge, ar- become established. Predation by from 20 April to 11 May were leopard 

rowhead) in May on approxi- fish can substantially reduce a frogs heard calling regularly or ob- 

~ mately 2/3 of the circumference frog population. served mating at water or air tempera- 

of a pond provides cover for es- ~ | tures below 10 C. 

cape from predators and for at- Temperatures of 10 C and the be- 

| tachment of egg masses. Sub- i iVi ginning of breeding activity occurred 

mergent vegetation (e.g.,: Breeding Activity in the 4th week of April in 1974, the 

coontail) on 50% of the surface 3rd-4th week of April in 1975, and in 

area also provides cover, substrate Summary of Pond Activity. Of the 1st-2nd week of April in 1976. Air 

| for egg mass attachment, and a the 83 ponds judged suitable for breed- temperatures were significant in de- 

| source of food for the tadpoles. ing use in 1975, 13 had leopard frogs in pressing breeding activity when they 

Clean, clear recreation ponds the spring. Five of these had calling dropped below 10 C once breeding ac- 
have little value to a frog. frogs, egg masses, and tadpoles. Of the tivity had begun. 

| (4) Bottom contour: A gradual slope 5 active breeding ponds, 2 dried up by The general pattern of breeding ac- 

12 provides a greater area of emer- midsummer, leaving only 3 ponds tivity was the same each year. Male
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frogs arrived first at the ponds and be- | } | —_ 

gan to call as soon as water and air tem-- | | 

peratures were appropriate, about 10 | 

C. Females arrived from 3 to 14 (usu- 80 3 ° 

ally 5-7) days after calling began. | | | | _ 

Once females were evident at the | | | | 

ponds and temperatures continued at | 

10 C or more, mating would proceed. _ a ° .- 7 

All breeding females deposited egg SO | e 7 

masses within 2-7 days of arrival at the ew | 

ponds. If low temperatures halted 70 -s ek 7 

breeding activity before all breeding a co3ee | : 

females were mated, the females would E ° oeee | 
- = 

resume mating once temperatures ~ Baw oe 

were again appropriate. Sometimes | ¢£ ¢5 Bee woo : 

the periods of low temperatures sepa- 3 e &&e | 

rated warmer periods by 2 weeks, and | 4 | °° 6° ° : 
resulted in 2 or more mating periods | | o of | | eMALES | 
and several size classes of young. 60 oc bwo o FEMALES 

_ Breeding activity generally took 1 ° o 
place in the warmest part of the ponds. sake. 
Since water temperatures in the ponds _ | $ ° | 

did not reach 10 C until late morning, | 55 ° | | 

| the leopard frogs bred mostly during- _— 
the daylight hours. In the evening and ~ | 

on cloudy days when the air tempera- | | 

. ture dropped below 10 C, breeding ac-— 50+ —_ . 

. tivity slowed or stopped completely IS 20 25 ~ 30 35 40 45 50 | 

even though the water temperature 7 =. WEIGHT (g) 

was several degrees warmer as a result a | 

| of heating during the day. _ | . 
- The breeding phenology of 5 ponds | . _——- 
is shown in Figure 5 for 1975 and 1976... FIGURE 6. Size of leopard frogs taken at breeding a 

Breeding activity began during the 4th - ponds during May and June, 1975 (after breeding 

week of April in 1975 and about 2 and before appearance of young). | . 

weeks earlier in 1976. In spite of the 
difference in starting dates between 
the 2 years, and the variability in the ported an equal sex ratio at other times came to the breeding ponds but did not 
length of calling and egg laying peri- of the year. | breed. 
ods, there was a remarkable constancy Size and Condition. Females cap- Merrell (1977) has stated that only 
in dates for initiation of metamorpho- tured during the spring averaged both sexually mature frogs come to the 

sis, varying by only an average of 5 _—longer and heavier than the males. _ breeding ponds, while immatures tend 
days. A similar conclusion was reached The average length of females was to remain near the larger bodies of 
by Merrell (1977) in his Minnesota 67 mm (55-80 mm) and the average water. Dole (1967), however, found 
breeding ponds. weight was 27.8 g (17-48 g) afteregg that the immatures came to his breed- 

| laying. The average length of males ing ponds about a week after the 
_, was 63.8 mm (55-75 mm) and their adults. 

Character istics of the average weight was 25.8 g (17-39 g). - Although we were not able to deter- 
Breeding Population These measurements were recorded in mine the time at which males reached 

| May and June after egg laying and sexual maturity, it appears from the 
| before any young of the year had range of sizes of males in spring (55- 

Sex Ratio. Of 104 adult frogs cap- emerged. : 75 mm) that both 1l-year-old and 2- 
tured in the springs of 1975 and 1976, The adult frogs examined appeared year-old males might be at the breed- 

77 (86%) were males and 27 (13%) healthy during breeding except for 1 ing ponds (Fig. 6). Since all had swol- 

were females and possibly a small female found dead at Netties Pond. len thumb pads, they were thought to 
number of subadult males. The high Symptoms of advanced redleg were ev- be sexually mature. 
percentage of males reflects the differ- ident on her legs and abdomen. Movements. Movements of adults 

ence in behavior exhibited by the 2 - Sexual Maturity. According to during and immediately after breeding 

sexes during the breeding season. Fe- data collected in the fall, 97% of the fe- were confined to the pond itself or the 
males are extremely secretive and dif- males with pigmented eggs (and there- immediate perimeter. In over 

ficult to locate. Males are just the op- fore sexually mature) were 60 mm or 30 hours of direct observation of leop- 

posite—their calling making them more in length (Table 20). Females ard frogs, movements were observed to 
conspicuous and easy to locate. They caught in the spring, during and after be short (less than 1 m), with no evi- 

were found sitting on floating plants egg laying but before the appearance of dence of territoriality. Most move- 

away from dense vegetation. Merrell young, ranged from 55 to 80 mm in ments were to change position into or 
(1968) obtained similar data, with length (Fig. 6). Only 85% of these out of the warmth of the sun, to feed, or 

only 11% of the frogs captured during were 60 mm or more in length, and on to escape a disturbance. Frogs often 

the breeding season being female. The the basis of the fall data, could be clas- sat for hours in the same location, only 
actual sex ratio was believed to be sified as sexually mature. The remain- moving for better position to catch a 

50:50 based on data collected during ing 15% could be either among the 3% passing insect. 
14 our fall survey (Table 18). Merrell of sexually mature females that are Escape Behavior. Behavior pat- 

*. (1968) and Rittschof (1975) also re- smaller than 60 mm, or subadults that terns concerning escape varied with



TABLE 5. Population estimates in spring breeding ponds, based on 104 marked adults. 

| 1975 1976 | 1978 | 
Mark/ —_— Adjusted Call No. Egg = Mark/ Adjusted Call No. Egg Call 

Recapture* Estimate** Index! Masses (X 2) Recapture* Estimates** Index! Masses (X 2) Index! 

Ahnapee A 10 16 14 4( 8) 92 - 0 - 6 
| AhnapeeB 0 - «6 4( 8) 42 - 4 2( 4) 0 

Netties " 8 - 13 14 2( 4) 10 18 8 3( 6) 10 
Maribel® 0 - 0 43 (86) 0 - 0 - 18 
Long Lake 20 33 18 11 (22) 44 71 46 19(38) ©  50T 
Neshoto, 14 28 14 7(14) 18 30 18 8 (16) of 

| Nuclear? missed - (missed) - 76 116 88 24 (48) 

*Both males and females caught. | 

** Adjusted according to Merrell (1968). , | | 
1Number of males heard multiplied by 2. 

: 2 Actual number of frogs present. 
3No adults found or calling males heard in 1975 but evidence of breeding activity later observed. 
4Increased construction activity made this pond unsuitable for breeding. 

| the time of day or night, with tempera- Our estimates obtained through — egg masses, is considerably lower than 
ture, and with location of the individ- mark/recapture were adjusted accord- the total population of frogs present at : 

ual. During light periods, whether dur- ing to the formula devised by Merrell the breeding ponds based on census 
ing daylight or full moon, the frogs (1968) to compensate for the lower data. This further suggests the pres- 

showed an increased wariness to dis- numbers of females caught in spring. ence of nonbreeding frogs at the breed- | 

turbance both on land and in the In Table 5 these are compared with ing ponds in spring. ) 

water. They were difficult to capture _. the call index. The population esti- 
in bright moonlight. mates based on the index of calling 

Higher temperatures generally males was derived by multiplying the Egg Development | | 

made it more difficult to capture indi- call index by 2, since the sex ratio was | ) | 

viduals than lower temperatures. believed to be 50:50. | 
Frogs in air or water temperatures of 8- There is a close similarity between Egg masses appeared 5-14 days af- 

10 C were relatively easy to capture estimates obtained from the adjusted ter males began calling; cooler condi- 
while “warm frogs”, those in water mark/recapture data and the call in- tions extended the period between 
with temperatures higher than 10 C dexes in only 2 instances. In the other calling and egg laying and warm condi- 
would move more quickly to escape. cases, the estimates based on call index tions compressed the time. Egg masses 

Frogs situated in or very near the were consistently lower than the ad- __ -in all the study ponds were grouped 
water would remain stationary longer justed estimates. This could be ex- closely together in the.shallow part of 
in mid-day or in a beam of light at plained by the fact that call indexes are the pond that received the greatest 
night than frogs located a meter or based on 1 or 2 listening periods, and amount of early morning and early af- 
more away from the water’s edge. In there is a certain amount of chance in- ternoon sunlight, allowing that area to 
response to disturbance, they moved volved in hearing all the frogs at any warm faster than the rest of the pond. 

_ toward the safety of water whenever __ one time. Although this has not been The egg masses were attached to 
possible, or moved essentially back and reported for leopard frogs, there could standing or fallen vegetation—a firm 
forth until reaching dense grass cover. be suppression of subdominant males _—i twig, sedge, or dead cattail—and 
At no time was any observation made by dominant calling males. Fellers floated at or near the surface of the 
of a frog moving to an area where it (1979) found this to be true for water. Merrell (1968) noted that prac- 
would be more exposed. Hyla chrysoscelis.  . tically all egg masses were laid in one 1- 

Comparing the 2 estimates allows to 4-m* area of the breeding pond. He 
an evaluation of the call index. We be- also noted that egg mass concentra- 

Population Estimates lieve that it is valid as a measure of the. _ tions coincided with the place in the | 
presence of breeding frogs, but that it pond where calling males had 
can serve only as a rough estimate of congregated. | 

Population estimates obtained population size. Furthermore, we were Compared with masses submerged 
through mark/recapture showed leop- working with small populations; it is by only as much as 1 cm, a_higher per- 
ard frog populations ranging from 8 to difficult to apply the technique to centage of eggs failed to develop in egg 
20 in the 4 ponds in which breeding populations higher than about 25 masses at the pond surface; approxi- 
frogs were captured in 1975, and from 2 males since individual calls would be mately 15-20% of these egg masses ap- 
to 76 in 6 ponds in 1976 (Table 5). In difficult to differentiate, as we found at peared to be lost to drying. Based on 
his study of adult breeding populations Nuclear Pond in 1976. visual inspection, about 5% of the eggs 
in 6 ponds in Minnesota from 1958 to The number of adults estimated in each egg mass were lost to parasit- 
1966, Merrell (1968) estimated popu- through mark/recapture methods ex- ism, disease, or other factors. 
lation size by the Lincoln-Petersen ceeded the size of the breeding popula- The size of 97 egg masses measured 
method. He obtained average esti- tion as indicated by the number of egg during the springs of 1975 and 1976 av- 
mates of from 124 to 1,568 adults in his masses. This agrees with Merrell eraged 87 mm long (40-150 mm) by 
study ponds, a level considerably (1968) who stated that even the “ef- 63 mm wide (30-100 mm) by 69 mm 
higher than the 1975-76 east central fective size” of the breeding popula- deep (40-110 mm). Hatching time 
Wisconsin populations. tion, based on doubling the number of varied depending on water tempera- 15
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TABLE 6. Movements of marked leopard frogs at 5 ponds over periods from 2 to 17 days 
Oo in July 1975 in July . 

Caen errr nnnnnnnnnnnnnnncneeeeeeeeeeeeeereeeeeeeeeeeeeee ees e rrr een ae Se pa te ii 

e e 

Maximum Distance 
. Total Distance Moved Caught away from Longest Shortest 

. a . . oe * e e . 

Frog No. (Minimum) (m) Pond (m) Movement (m) Movement (m) | 

| Ahnapee A 
. Oo : Fl 220 30 84 4.6 

oe : . F2 ca. 200 190 140  _ 14 : 

. Ahnapee B | 

. , 

Py _| . Netties | 

Oo | Neshoto 
a | FA 3 1 | 

- Long Lake 7 : : 

F4 23 40 — _ 

e eo e : e e e e 

ture. During a constant temperature 5 of the study ponds in mid-July, 1975.. _ utilization by leopard frogs (Fig. 7 and 
e os e e 

period (10 C or above), tadpoles were = Searches were made for 2-7 consecu- Table 6) since the 2 distinct ponds 
° s ° 

observed in 5-9 days. Cool periods pro- tive days at Ahnapee, Neshoto and were surrounded by several types of 
e e e 

longed the time. The numbers of eggs Netties ponds, and over a 17-day pe- vegetation. 
e e e 

per mass were not counted during this riod at Long Lake. The search was be- At pond A, the largest of the 2, 6 
° e e e 

study, but Merrell (1968) estimated gun ina10-m strip around each pond _ frogs were recaptured during a 7-day 
. e co e ee eo 

that in Minnesota between 2,000 and _to locate frogs, and then was extended _ period, with searches being made each 
e e e ° : 

5,000 eggs were produced per mass. into adjacent habitats. Movements day. Among these, 3 frogs moved into 
e 

| were recorded for 21 marked frogs. a waterlogged meadow with aspen and 
e 

. . te Fewer adults were found around the alder for distances of up to 150 m from 
cd eo 

Postbreeding Activity ponds in midsummer compared to the __ the nearest pond edge. Two of the 3 
. * e e e° e . , ° 

| number earlier in the spring, for many did not return, while F1 returned to 
. e e s e e 

| had left the pond area for summer hab- within 27 m of its starting point after 
Ad It ; 

° ° 

Quits | itats away from the pond. moving a total distance of 220 m. F1 
oe | Ahnapee Ponds. The ponds at was the only one observed to leave a 

e e e ° 

Movement. An intensive search Ahnapee provided some of the best small area where it was recaptured 3 
e ° e e . 

16 and marking effort was undertaken on comparisons of movement and habitat times and then to return to the same
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area. F2 was also found near the pond, = was recaptured twice within a 5-day in- or, since they were not recaptured, 
_ but then moved out and was not recap- terval, during which it moved 400 m they may have been only temporary 

, tured again near the pond. F3 and F6 _from its 1st point of capture. residents of the area. 
remained near the pond and only Netties. Dry rocky ridges sur- 

| moved along the perimeter. F4 was re- rounding the main pond on 3 sides lim- Movements of adult leopard frogs 
_ captured 3 times in the meadow area ited the available areas with ground in early summer appeared to range 

and was not observed near the pond. moisture. On the north side of the from very short distances along the 
F5 changed ponds over a 5-day period pond, a wet area fed by a seeping edges of the ponds to rather lengthy 

_ from Pond B to Pond A, crossing a. __—s spring proved to be the habitat used forays into adjacent habitats. Forty- 
' blacktop road to get there. most by the leopard frogs. three percent of the recorded July 

| The frogs in Pond B remained Only 8 frogs were recaptured in the movements were within 1-5 m of a 

- along its perimeter. Movement tended area over a 7-day period (Fig. 7 and —_ home pond’s edge. Movements away 
to be to other locations within the tall Table 6). Two of the 3 were first cap- from the pond were generally toward 
grass border of the pond. tured near the pond and were later adjacent wet areas. The longest move- 

p The frog movements associated found in the spring area. A third ment in a 24-hour period was 140 m 
: with Ponds A and B tended to be moved only a few meters to another from a pond edge (F2, Ahnapee A). 

within areas where adequate ground area of the pond. | The greatest movement from a pond 
| moisture was available. During the 7- Long Lake. Long Lake is repre- | edge made by. any frog during this pe- 

day period, heavy rains were not expe- sentative of the good leopard frog riod was 401 m over 5 days (F2, 
rienced though light rain and mist _ habitat found throughout east central § Neshoto). This movement carried the 

_ were. Frogs were not observed moving § Wisconsin. Leopard frog habitat re- frog from a pond that was drying 
in the mowed or unmowed hayfields quirements were met in the immedi- (Neshoto) to a moist river bottom 
nor were any observed in the mixedor ately adjacent areas. A stable water habitat. ‘Some movement, however, 

: cedar woodlots. Sampling procedures — supply maintained a balance of habi- —_—s may have been for foraging rather than 
_ in those areas were hindered by dense _tats throughout the season. Alowwet __translocating, as illustrated by the 

: vegetation, and some frogs may have hayfield and numerous waterlogged reappearance of F1 at Ahnapee A near 
_ been missed because of numerous cavi- meadow areas provided adequate sum- _ the original site of capture, after a 

ties and holes. We are reasonably cer- § mer feeding grounds, while nearby § movement of at least 30 m away from 
tain, however, that most activity asso- Long Lake provided suitable overwin- the pond. Although the frog was not 
ciated with these ponds was in the _ tering cover. seen feeding, this suggests that some 
wetter zones which were mainly the Frog movement data gathered at _ frogs move out from the pond and for- 
marsh area. Long Lake consisted of recaptures of 7 age in adjacent favorable habitat, and 

Neshoto. Neshoto’s vegetation individuals on dates separated by 15- _—return again to the home pond. This 
cover represented good leopard frog 17 days (Fig. 7 and Table 6). Addi- _ behavior is further suggested in our 
habitat, but its ground moisture allbut tional captures of 30 frogs were also _— study by the numbers of frogs captured 
disappeared early in the summer. Dur- mapped. only once at Long Lake. 
ing the spring breeding period, ade- Movements tended to be rather These findings agree with those of 
quate water levels provided many short and adult recapture sites werelo- § Dole (1965 a, b) who found that 
areas for frogs to lay eggs, and many cated in the cattail-sedge marsh not adults showed a strong attachment to a 
were used; but by midsummer the more than 60 m from the edge of the relatively small area (home range) 
ponds had dried and the frogs had breeding site. The area was covered during the summer months. However, 
moved to moister areas in the sur- with tall grasses which assured the _he also observed that although some 
rounding river bottom (Fig. 7 and Ta- availability of ground moisture. Move- _individuals embarked on more ex- 
ble 6). Rather long movements (40 ments to and from the breeding area = tended excursions from their home 
and 400 m) of the 2 frogs toward the were not observed. Frogs which were _— ranges (distances up to 160 m were 
waterlogged areas of the river bottom captured only once were generally _ recorded), they returned without occu- 
were recorded. A third frog stayed found along the'borders of the marsh _ pying the excursion area for more than 
nearer the pond, but was not captured or just into the hayfield. Most of these —_a few days. 
after the pond dried up. | captures were on rainy nights or after a Feeding. In order to determine the 

The captures for F3 were 2 days day of rain. These frogs may have been _food used by adults, gut content analy- 
apart, during which it moved 40 m. F2 on excursions out of their home ranges _ses were performed on 11 frogs. They 1]
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were taken in areas far from the study of reproductive success at 3 ponds dur- ~ sis. They then increased in size, aver-_ 
areas, so that the ponds under investi- ing 1 or both years. Netties and aging 58 mm in length and 15.4 g in — 
gation would not be influenced by their Long Lake showed increases in the weight in September. | 
removal. Animal parts were identified numbers of adults, egg masses, and A comparison of lengths and — 
to phylum or in the case of insects, to. |= young between 1975 and 1976, while weights on different days from 20 July 
orders. Nuclear Pond, although the numbers to 6 September at Ahnapee B shows — 

The occurrence of items in order of of adults and egg masses were not _ that young frogs from the same pond 
their abundance was: (1) Isopoda, known for 1975, showed a decrease in varied considerably in length and | 
(2) Coleoptera, (3) Lepidoptera lar-. _— production of young in 1976. weight at any one time (Fig. 8). Al- 
vae, (4) Annelida, (5) Hemiptera, Merrell (1977) found that an esti- | though there was remarkable similar- 
(6) Hymenoptera, (7) Odonata, and mated 600,000 eggs yielded 20,000 __ ity in the time of metamorphosis be- 
(8) Trichoptera. Major prey items of newly metamorphosed young (a sur- tween ponds (Fig. 5), delays in 
frogs in Michigan were Coleoptera, vival rate of 3%). Our study yields in- breeding activity caused by tempera- _ 4 
Orthoptera and Lepidoptera larvae formation on the survival of juveniles __ ture variations within a pond could ac- | 
(Rittschof 1975). Feeding probably- up to 6 weeks after metamorphosis. | count for an extended period of trans- - 
took place both during the day and Using an average of 3,500 eggs peregg formation and resultant size | 
night since both diurnal and nocturnal _ mass, and calculating overall survival differences. While the smallest frogs 
prey items were represented. for each study pond, we found survival — were taken in July, and the largest in 

- rates of 1-6% (Table 8). The highest | September, there was overlap in the in- 
| : | survival occurred in Long Lake, the tervening periods. | 

Young-of-the-year largest of the study ponds and‘the one Our data parallel the findings of 
: = least affected by agricultural land. Merrell (1977) in Minnesota, who 

Tadpoles began growing legs and Lowest survival occurred in found the usual size of frogs at meta- - 
resorbing tails in the latter half of July, Ahnapee B and Nuclear ponds, which morphosis to be 35-40 mm. He attrib- 
after spending 10-13 weeks feeding in were small and surrounded by agricul- uted observed differences in size at 

| the floating vegetation. | — tural land. metamorphosis in 2 ponds to drought 
Population Estimate. Population Size and Condition. The average conditions (young 25-30 mm), and to 

estimates of juveniles obtained from length and weight of juveniles from the uncrowded conditions (young 48- 
597 marked after metamorphosis are time of metamorphosis (mid-July to | 50 mm). By the end of the summer 
shown in Table 7 for both years. early September) is shown in Table 9 the young in the latter pond had 
Changes in pond character, either for both years. There is an initial reached 55 mm in length. 
through human disturbance or weight loss ranging from 1.5 to 2.5 g The average length of young frogs in — 
drought, were responsible for the lack over a 4-day period after metamorpho- our Wisconsin study ponds and in 7 

oo - Minnesota (Merrell 1970) exceeded 7 
| | that recorded by Rittschof (1975) in 

- . northern Michigan. He recorded an | 
. , | average length of 21.5 mm at the time © 

oo, of metamorphosis, and an increase of 
TABLE 7. Summary of breeding activity on study ponds, 1975-76. 15.5 mm by early October (to 

a 8S TS Sexual Maturity. Young-of-the- 
Study Est. No. No. Egg Est. No. Est. No. No. Egg Est. No. year females generally become sub- 

Pond Adults __— Masses Young Adults Masses __Young adults (Dole 1965a) the following 
Ahnapee A 16. 4 440 2 0 0 spring and producers during their 
Ahnapee B ~ 0 0 4 2 80 third spring when they are 2 years old. 
Netties 13 2 160 18 3 220 However, data collected during our fall 
Maribel — 43 | 0 ~ 0 0 survey showed a substantial number of 
Long Lake 33 1 1,720 0 % | oy frogs contained eggs in ‘which vitel- 
Nee 28 il 39 “ 116 oA 1.120 logenesis had begun, but which were 
a not yet pigmented (Table 20). Of 

. these frogs, 77% were less than 60 mm 
in length, the minimum length of 97% 
of sexually mature females (those with 
pigmented eggs). These frogs may 
represent young-of-the-year females 

TABLE 8. Estimated survival of young frogs from 5 breeding ponds from pat wer e able to react an Wnvermediate 
id-July (metamorphosis) to 6 September. evel OF Maburation (wistile 6s ou 

mi Y not pigmented). The remaining 23% 

Patent! Population fog thou pigmented egy thew 
Year No. Egg Productionof Estimate of Percent fast- . f th d/ 

Pond Surveyed Masses Young* Young Survival possibly slow. maturing subadults, 

ee ee A 1975 4 14,000 440 3 Such subadults could not become pro- 
apee B 1976 4 14,000 80 1 d ‘til their fourth . h 

Netties 1975 2 7,000 160 2 they woul d he 3 ye or dl pe waen 
1976 10,500 220 . 2 . | 

Long Lake 1975 S 38,500 1,720 4 In Minnesota, most sexually mature 
1976 19 66,500 4,000 6 individuals ranged between 60 and 

: Nuclear 1976 24 84,000 1,120 1 |} 80mm in length. Most young, 35- 
*Average of 3,500 eggs pereggmass. 22 40 mm at metamorphosis, were less 

, " than 55 mm at the end of their first 
0 summer and were sexually immature 

(Merrell 1977). Merrell also con-



TABLE 9. Average length (mm) and weight (g) of 597 leopard frogs captured at 5 study 
_ ponds between mid-July and 6 September. oe a | 

Avg. Range Avg. Range Avg. Range 
Avg. length at metamorphosis __ : 

(mm) _ 40 35-40 36 34-40 39 34-40 

Avg. weight at metamorphosis _ | | 
(g) 8.5 4.0-9 — 8.0. 4.0-9.5 8.0 4.0-9.5 7 | 

Avg. weight loss (g) 2.5 - 1.5 _ 21 oo 
Time period of weight loss - 4 days 4 days | | 4 days 
Avg. weight after 1 month (g) 11.8 5.0-14.0 11.5 5.0-13.5 11.6 5.0-14.0 
Avg. length after 1 month (mm) 52 45-54 49 40-55 50 40-55 

cluded that it normally took leopard | 
frogs 2 years in the Minnesota area to . | a 

- reach sexual maturity. . | 7 60 | | a 
In northern Michigan, sexual ma- ao 2 2 

| turity was also attained near the end of | 
2 growing seasons, but in southern | x 
Michigan in some years a high propor- | ~ 
tion of frogs had enlarged thumb pads 
or enlarged ovaries at the end of the 55 x 4 
first growing season (Rittschof 1975). x 
Data from our fall examinations x x : 
showed that frogs between 50 and | x | 
60 mm sometimes had enlarged ova- : a 

” ries, but only rarely were the eggs pig- = 50 | ex 
mented. It is possible that sexual ma- E | o 
turity could be reached by a few frogs ~ 

a in our ponds during the first growing = ° 
season, since some juveniles were S B 0 & 
caught in September that were 60 mm u o wo b& 

- in length (Fig. 8). However, this could 45 oe e | 
not be documented since internal ex- xo ee 
aminations for pigmented eggs were ° & & | | 
not made. | ar a e | 

Movement. Three areas were in- mh < oo | 
tensively monitored for postemergence 40 oe @ . 
movements for a 6-week period follow- Bee mS 
ing metamorphosis in 1975—Ahnapee, & 
Netties, and Long Lake. The numbers | 
of juveniles marked and recaptured are 
shown in Table 1. , @ JULY 20, 24-25 

_ Ahnapee. The area of Pond A with 35 @ © AUGUST | 
the greatest juvenile activity was ap- X AUGUST 21 
proximately 1 m in depth and ranged | & SEPTEMBER 6 
from areas of open water through areas] 
covered with various types and stages . 
of emergent vegetation. Other areas of 
the pond tended to be less diverse and 5 6 7 8 9 0 Tt 2 13 14 156 6 17 
much shallower or deeper than 1 m. 

Movement of the juveniles after WEIGHT (g) 
emergence was directed south towards 
Ahnapee B (Fig. 9). Only 2 marked 
at Ahnapee A were recaptured in FIGURE 8. Comparison of lengths and weights on 
Ahnapee A, while 26 moved across the different days from 20 July to 6 September 1975 
road to Ahnapee B. Twenty-three at Ahnapee B. 
were captured and marked in B. They 
too had apparently moved in from A, 
since B had neither egg masses nor tad- 
poles in the summer of 1975. to B. Once in B there was little move- Netties Pond. Seventy percent of 

The movement of juveniles was not ment away from the pond during the the young marked were captured near 
en masse, nor did it seem to be trig- July-August observation period, and the location of egg masses in the pond 
gered by rainfall. Rather, movement no movement was observed from B (Fig. 9). This area of the pond was m1 
tended to be gradual from Ahnapee A back to A. the preferred habitat. It contained a
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mixture of vegetation types with a the adjacent roadway only during rains Feeding. After the period of weight 
gradually sloping bank. Other areasof —_ or on wet foggy nights. Subsequent _loss shortly after emergence, when the 
the pond carried either 1 type of vege- movement tended to be southward young apparently were not yet feeding 

tation or were next to a steep gravelly _—_allong the edge of the lake. Here there efficiently, they fed heavily on small 
bank. were good cover and feeding areas ex- prey such as ants and isopods until 

Young frogs moved singly away cept for one 75-m stretch of mowed they could take the variety of prey typ- 
from the pond towards a wet, medium- grass at u county boat landing. The ical of the adult diet. 
light, grassy area where a seeping presence of cottages and closely 
spring provided constant ground mois- mowed lawns and boat docks charac- 
ture. Young were observed in the wet terized the north-northwest edge of the 

area for 2-3 weeks after emergence, but lake. Frogs were not found there which Spring Mortality 
then moved out of the study area, pos- suggests such, cover is unsuitable for 
sibly: toward the river, although no them. 
frogs were recaptured there. Frogs from hibernacula near the 

Long Lake. Few frogs were recap- Movements of young frogs recorded _ study areas did not exhibit spring mor- 
tured near the site of egg laying from our study ponds were directed tality as judged by searches for dead or 
(Fig. 9). Their distribution and re- toward wet, grassy areas surrounding sick frogs along lake fronts and river/ 
capture locations suggested that they the ponds, or to other water areas. stream banks. Over these years, how- 
moved first north and then south along This is in agreement with the findings ever, reports were received of spring 
the tall grass interface between the of Merrell (1970), Dole (1971), and die-offs of frogs in several other areas. 
marsh and hayfield, a place where Rittschof (1975). The latter 2 authors These observations apparently repre- 
ground moisture remained almost con- recorded short distance movements of sent overwinter mortality which was 
stantly. This led them to a wet area of 5 to several hundred meters observed at hibernacula in the early 
tall grass along the lake front. Young (Dole 1971) and longer movements up spring. No mortality was observed in 
frogs were found in the hayfield or on to 800 m (Rittschof 1975). spring at the breeding ponds. 
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PROCEDURES | os a 

Field Survey erations and the known presence of - - as - 
| | | frog populations. All stations were re- | oo | an 

i 7 _viewed before the 1975 survey and Aart BO 
A statewide survey was conducted those whose habitats had been found | | a 

by DNR fish managers in 1974-76 to _ unsuitable were deleted or replaced by : aN ts 
assess the extent and characteristics of | new stations. Survey stations selected e- | ae 
leopard frog mortality associated with for 1976 were among those where frogs =iNE?) » 
fall hibernation. This is the period had been found in either of the 2 previ- J persed ip 
when sick and dead frogs had been re- ous years of the fall study. Survey sta- | wg RAL BY 

- ported in the early 1970’s. Standard tions totaled 378 for 1974, 292 for 1975, | CLF =i 34 | 

* 0.5-mile (1.3-km) survey stations were ‘and 80 for 1976 and represented a vari- | r? an | 
established and examined in all Wis- _— ety of habitats including large lakes X= ECS 
-consin counties except Menominee — and streams, spring-fed ditches and : el ae ee 
“during these years, although time and = ponds, and marshes. Within each sOUTH 

- budget limitations forced restriction to | county an attempt was made to sample Oo Sc "lect 
a smaller number of stations in 1976 different drainages and different a Ca nal SE\ 
(Fig. 10).° For analysis purposes, the habitat types within drainages. © Ppt | 

_ gtation sites were grouped into regions The survey was divided into 3 : 
(Fig. 11). During the first year of the phases, although weather conditions FIGURE 11. Geographic areas used 
survey, DNR fish managers selected sometimes made it necessary to com- as the basis for the compilation of 
stations on the basis of habitat consid- -.__ bine phases I and II or to delete phase results in the fall mortality survey. | 

: } aa | III. A description of each phase 
/ follows: | 
* G43 2WIE . 

aie enti Jew (1) Phase I: Initial Count. The objec- _ 
aA _ OT DP sm tive was to count as many live 
1A weer Tt eer P~ 8 frogs as possible, detect signs of 
PN Prey Aan mortality, and collect sick/dead 

| iter lip, aie frogs. This phase was initiated 
EE at Sige , when frogs began to congregate in _ 
seteie He Tg | 1 Ll eee hibernacula and usually coincided 
o we Ft PT eo eee TB rane Vececco ge? Sete mates. with 4-7 days of 10-16 C tempera- 

tS C weeps [Pes a . Ds tures coupled with treezing night- , 
aes 1 Pp! TUPI dda: pemerrea 3 time temperatures. ass migra- 

ape. TTP t gi web S ecg tbe he ° tions or roadkills were observed in 
php « - “wi he — yf fener TS OL Pe. . saa some locations. Survey dates var- 
rates a PRP J sidinas "a . | ‘bu “ite A] . - {4 ref | ied from year to year, but in gen-. 
ME le no eseagyen 78, 8 gears) ra imcrum Left, eral were early ( ctober for north- 
po bs By re em ag ig LO Pe ern counties, mid- to late October 

OL TMT a af Bg arg Mt bere for central counties, and early No- 
a fee” .. 3s a5 A aa 3 aca) Toh jo/ xe vember for southern counties. 
wor raw) f2et pL RP  fmcage al ote Py | (2) Phase II: Count/Collect. The ob- 
a [a leecison weay OT PP ot. ey Pe jective was to document any de- 
CODEN ESS FREE NRE EG HBL LG 8 MOU fit Me te), . . veloping mortality and to collect 

ee en | "HA live and sick frogs -for analysis. . 
Re Mage] © | Diy ae Mo UE This phase usually followed 1 

ORUN | YEAR pe fis ‘sow gutua? | Ps week after phase I, but was post- 
@ RUN 2 YEARS y — a Ba | poned if warming occurred. 
@ RUN 3 YEARS Sg ape an i re lf 0 ar eae (3) Phase III: Final Mortality Check. 

I eos eye 2. 9,10, ule als a (ett fe The apectve was to document 
iy baa ee Lg tg mortality as completely as possi- 

PO gg ee ble and to collect additional speci- 
7: 7 8 f fg . ! Se aif o.9 mens for analysis. This phase was 
A... Came Pil fees celegry Ppl usually conducted 1-2 weeks after | 
Sw 8 fe ai o eee the animals had entered the water 

farle 2306 SF 7 elon 2 alate PR adbicalon for hibernation. Daytime air tem- 
peratures were usually 4-6 C and 
nighttime temperatures -4 to 

FIGURE 10. Leopard frog stations sampled during -6 C. In northern and central 
24 fall mortality surveys, 1974-76. areas of the state, this period was



__ rapidly followed by freeze-up, but WAR ee oe 
was often extended and inter- j07@ME Nw = liga Ome ss >. | 
spersed with warm periods in (MegAMe RUIN ge 
southern areas. The phase III ia ™. Sra... - we 
survey was conducted only at sta- Me I I eS lL 
tions where frogs were found in (ya a ee ee ee ll 

_ Whenever possible, phase I and IIT 7M = (Sale 

areas were cursorilyexamined bywalk- [IM = = * , ~ <n oe >) Ce ae 
encoun tere d was recor de d as live or f Co eee ee - —e zg 8 Ee | 

| sick/dead. Frogs were classified as sick Deed frogs on the ice, Little Sugar River (green 7 | 
if they exhibited any of the following 708; eft: leopard frog, right). | 
characteristics: skin lesions, ventral | 
skin discoloration, dry skin, hard. mus- | | | 
cles, or abnormal behavior. The speci- | 

men objective of Phase HI and III arrival in Madison. In general, frogs After measurements were taken, 
surveys were met by collecting 10 live _ that were mailed were received in bet- | the specimens were divided among 3 
frogs and 15-20 sick/dead frogs ateach —_—ter condition than were those trans- groups: those to be delivered fresh for - 
station. Collected frogs were grouped ported by private carrier because stor- various tests, those to be preserved by 
according to health category and age time after collection was formalin injection, and those to be | 
placed in plastic bags. Specimens were minimized. - gtored by freezing. Fresh specimens 
stored in a cool place until transfer to , | were delivered within 1 or 2 days to 
the central processing location in - those conducting various tests. Frogs 

Madison. , pgs Laboratory Analysis to be preserved were injected and 
Additional survey information was | stored in standard 10% buffered 

gathered on the adjacent drainage . , —_ formalin. Frogs to be frozen were 
L area, immediate habitat, and the spe- All frogs, except those lost to decay, wrapped in aluminum foil, placed in 

cific locations where frogs were ob- —_ were weighed and measured (snout to _ plastic bags and frozen. 
served. Other frog species encountered vent), sexed, and examined for physi- Findings from the 1974-76 field 

were counted and any mortality noted. _—_cal_abnormalities, stomach contents, —_ surveys and 1975-76 laboratory mea- 
Water samples were collected at sta- _— fat body development, and presence of surements were computerized and are 
tions where heavy mortality was found — eggs. Frogs were sexed by 2 methods. _gtored in Madison for future reference. 
in 1974 and analyzed by the DNR In 1974, the major criterion was the en- 

water quality laboratory. — ) larged thumb pad of the male, backed 
Transport to Madison for final up by internal macroscopic observa- 

processing and storage was done in 2 tions of the gonads in a subsample of RESULTS 
ways in 1974: some frogs, kept at cen- _ frogs to determine the size below which OT 
tral locations about the state, were all frogs were immature. This size 
picked up by private carrier and driven _ limit was determined to be 50 mm. In| Qecurrence of Mortality 
to Madison, while others were mailed. 1975 and 1976, all frogs, except those 
In 1975 and 1976, all frogs were mailed. | being preserved undissected for cer- 

Bags of frogs transported by private _ tain tests were sexed by internal obser- Field observations for 1974-76 for 
carrier were placed in ice chests. Ice vation. Frogs were classified as imma- each region (Fig. 11) are summarized 

was included to keep the frogs inactive ture if sex could not be determined by in Table 10. Numbers in Table 10 
thus preventing physical injury and either method. Physical abnormali- should be interpreted with procedural 

rapid oxygen consumption. Frogs that ties, fat body development, and pres- limitations in mind. Large numbers of 
were mailed were placed in cardboard _ ence of enlarged eggs were determined —_ frogs can concentrate in a very small 
boxes along with moisture-conserving _ by visual observation. Stomach con- area and finding concentrations can be 
materials such as sphagnum moss or tents were recorded as either present an elusive pursuit. Weather influenced 
wet paper towelling. Other types of or absent. All frogs were classified as __ the sighting of frogs, with cold weather 
damp vegetation were tried in a few _live, sick, dead, or decayed at the time —_ driving them under protective vegeta- 
mailings but were found to decay very of analysis, usually within 1 day of re- _ tion or into the water. Once hiberna- 
quickly. Delivery in Madison was usu- ceipt. Criteria used to classify frogs as tion began, the observation of dead or 
ally 2-3 days after mailing. sick were the same as those used inthe _ sick frogs was limited to clear water or 

Most frogs mailed were received in field survey (e.g., presence of external water shallow enough for net sampling, 
good condition, although a few died or behavioral abnormality) with the In the north, icing over of survey sites 
during transport especially on warm addition of liver abnormality assessed hampered or eliminated final mortal- 
days. In the initial days of the first sur- through internal observation. A sam- ity checks. Furthermore, no attempt 
vey (1974), coordination was inade- ple of specimens from the University of was made to document the full extent 
quate as a few collections of frogs were | Wisconsin Zoology Museum and the _ of mortality by repeated monitoring. 
lost. Dead frogs that were already in Milwaukee Public Museum was ex- In many cases, this would require daily 
decay at the time of collection were amined for comparative information in monitoring. However, the numbers 
usually unsuitable for analysis upon 1974. have value as comparative indicators 25



. TABLE 10. Fall mortality survey results by geographic area.* | 4 

| _ Observations Collections ; 
No ——s Live Sick/Dead Live: : : 

, Survey No. | Sick/ No. No. Sick/ 
Location Stations Runs No. No./Run No. No./Run Dead Live Dead | 

1974 | - | | 

Northwest 40 77 597 7.8 49 0.6 17:1 79 27 : 
North central 36 19 151 1.9 4 0.1 ~ 30:1 60 3 
Northeast _ __ 32 64.299 471903 60:1 83 2 oo 

- North — 108 220 — 1,047 4.8 72 0.3 > 23:1 222 32 | 

West central 49 94. 230 2.5 133 Ol 161 18 10 | | 
Mid-central 53 =i 274 §=3.9 83 (1.2 3:1 98 56 

East. central. 08 - _—«i107 2,385 22.3 386 3.6 6:1 193 279 

Be - . Central 160 271 2,889 10.7 482 1.8 6:1 309 345 — : oo 

Southwest 34 50-72 1.4 5 0.1 14:1 31 4000 
- South central 31 39. 41 11 337 8.6 1:8 6 68 | 

Southeast 45 45 __ 37 08 _—52 12 —Ss_si1::2 14 3 
South 110. 184 = 150s dL. 394 29 $13 51 85 oe | 

STATE TOTAL 378 - 625 4,086 6.5 948 1.5 4] 582 462 os 

1975 | . 
Northwest 39 77 698 9.1 68 0.9 10:1 43 37 
North central 26 63 135 2.1 5 0.1 27:1 137 5 - : 

a Northeast _ 25 _62 _261 42 2 ** _131:1 66 O.. 
So North | 90 202. 1,094 5A OT 0.4 15:1 246 42 
2 -West central _  ~48 80 759 9.5 30 0.4 25:1 54 - 21 

So __ Mid-central | 59 102 3,390 33.2 3. ** 1,130:1 105 =§=—«<COD 

| __. East central 39 721,608 22.3 252 3.5 6:1 113 25 
. Central =s—i(sssid146 254 5,757 22.7 = 285 11 20:1 272 46 | 

-. Southwest. oe 14 24 116 4.8 3 0.1 39:1 48 2 | : 
a _. South central | 30 63 3,326 52.8 ' 85 1.3 39:1 ~~ 45 14 : 

_... Southeast | 12 12 262 21.8 1 0.1 262:1 28 1 

: - South . | —s«66B 99 3,104 37.4 89 0.9 — 42:1 121 17 So. 
. STATE TOTAL - 292 555 «10,555 «19.0449 0.8 24:1 639 1005 
oe 1976 - | ) — 
— Northwest 10 19 - 125 6.6 0 0 125:0 12 0. : 

7 Northcentral 7. 66 16 2«2—~—t—«‘“‘CSA 2.1 0 0 34:0 16 0 
— Northeast 7 130,09 0 0 11:0 i” 0 | 

| North’ 23 48 170 3.5 0 0 170:0 28 0 —— 
West central | 10 20 - 180 90 20 1.0 9:1 11 11. 

. Mid-central _— 16 6388 84 2.2 0 0 84:0 8 0 
| East central 12 17 _ 9 0.5 1 0.1 9:1 3 _0 

Central 37 75 273 3.6 21 0.3 13:1 22 11 : 

Southwest 6 15 28 1.9 1 0.1 28:1 9 1 
South central 8 25 32 1.3 4 0.2 8:1 2 2 
Southeast 6 6 2.0.3 _9 0 2:0 1 0 

. South 20 46 62 13 #865 0.1 12:1 12 3 
STATE TOTAL 80 169 505 3.0 26 0.2 19:1 62 14 

*Numbers are minimum. Live frogs were not recounted for every observation date; the highest number | 
observed on a transect at any one time was used in the tabulation. However, all sick/dead frogs observed 

a were counted since they are quickly removed by decay and predation. 
**Less than 0.1 frogs/run. | | 

of abundance and the occurrence of an “average” number of frogs present of actual mortality is unknown. 
mortality. Many surveys were con- at any given survey station. The increase in number of live frogs 
ducted in the 3 recommended phases Looking beyond the year-to-year observed per survey run in the central 
and some sites were checked at least fluctuations, the number of frogs ob- and southern areas in 1975 and the 
once again for mortality. Thus, at least served is believed to be quite low, sharp decrease in 1976 may be largely 
some frogs present at a station were based on observations of past numbers attributable to prevailing weather con- 
probably sighted at some point of the by Department of Natural Resources ditions. The reduction in field effort 
survey although numbers reported personnel and professional frog collec- for 1976 can be ruled out as a factor in 
must be taken as a minimum. The tors (Hacker pers. comm.). Mortality that year’s decrease because the 1976 
number of live and sick/dead frogs ob- ranged from 4% to 23% of live frogs survey stations represented most of 
served per survey run allow general observed statewide for the 3 years of those that had produced frogs in 1974 
comparisons of frog numbers from year the survey, although it ran as high as and 1975. Thus the results in terms of 

26 to year but cannot be used to represent 100% on individual transects. Degree number of frogs observed can still be



compared to previous years. Spring larly through late November and early for the east central component of the 
and summer, 1975, were very favorable December indicate roughly the same central study area. This suggests that 
for leopard frog breeding and foraging level of mortality as in 1974, and itis ___ the region may be experiencing higher | 
while spring and especially summer, possible that similar, though unob- or more stable mortality than other re- 
1976, were very unfavorable. The 1974 served, mortality may. have occurred at gions of the state. The east central re- 
season might be described as an “aver- other stations. The number of sick/ gion corresponds to the intensive study 
age” season. Leopard frogs normally dead frogs observed in 1976 was also area for leopard frog population dy- 
experience population fluctuations but low, but may be related to the extreme namics covered earlier in this report. 

-guch shifts are especially noticeable scarcity of frogs that year. The 1976 Both the number of ponds utilized for 
when populations are initially low. ratio of live to sick/dead frogs is artifi- breeding and the number of breeding 

Although Table 10 suggests re- cially high because a few stations pro- frogs per pond were found to be quite’ 
duced mortality for 1975 in the central duced most of the frogs and very little low. : 
and southern areas, phase III mortality mortality was noted at these stations. _The pattern of the locations of live 

checks were not run at many stations It is interesting to note that both and sick or dead frogs, and of those sta- 
in these areas because of warm weather the number of live frogs and sick/dead tions at which no frogs were observed, 
followed by sudden freeze-up. Results frogs observed per survey run re- are shown in Figures 12-14, plotted by 
from stations that were sampled regu- mained almost equal during 1974-75 civil town. The map showing station 

eM FIGURE 12. Survey stations at which live and 
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. locations with no frogs represents areas showed only scattered, low-level popu- no station showed a total absence of 
of good frog habitat surveyed under lations. The largest concentrations frogs all 3 years. Counting any 2 years 
suitable weather conditions. In pre- were usually associated with agricul- of the survey, number of stations pro- 
paring this figure, information on all tural-sedge meadow complexes typical ducing the same category of frog obser- 

the 1974 stations was examined and of central and southern parts of the vations totalled 18 for sick/dead, 61 for 

data from those stations were elimi- state. Mortality likewise occurred only live frogs, and 31 for 0 frogs 
nated where absence of frogs could be throughout the state although it was present. Small aggregations were easy 
attributed to poor time of observation concentrated in the east central and to miss in sampling and this may partly 

(e.g., early morning hours at cold tem- south central areas. The percent of to- account for the year-to-year fluctua- 

| peratures) or location of the station in tal stations showing live frogs, sick/ tions at stations evidencing small num- 

poor wintering habitat (e.g., edges of dead frogs, only live frogs, and no frogs bers of frogs. However, many previ- 

forested streams). Stations surveyed was relatively constant for the 3 survey ously large-producing stations were 

in 1975 and 1976 all represented suit- years (Table 11). barren of frogs in 1976. It is unknown 

able habitat and are therefore However, findings for individual whether the observed differences in 

included. stations varied from year to year. Dur- station results from year to year repre- 
Live frogs were observed through- ing the 3-year period only 4 stations sent normal population fluctuations or 

out the state although the heavily for- | showed mortality each year, 9 stations manifestations of the current de- 

28 ested areas of northern Wisconsin showed only live frogs each year, and pressed population. It is known, how-
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ever, that in past years commercial presented in Table 13. Mortality be- Large numbers of dead frogs were ob- 
frog collectors often relied on the same gan earliest in northern areas of the served in 1975 at 2 nonwinterkill lakes 
sites from year to year and only re- __ state and latest in the southern areas, a by DNR fish managers shortly after 
cently have had to search for hibernat- pattern that coincided with the spread ice-out in the spring and lower num- 
ing congregations. of cold weather. Increasing mortality bers were found on 2 others. Occasion- 

Very few sick or dead frogs of other. was also generally associated with de- ally, dead frogs were observed through 
species were noted, although observa- creasing observations of live frogs January and February in southwestern 
tions of these species were only inci- which indicated the beginning of Wisconsin trout streams. An unnamed 
dental to the leopard frog survey (Ta- hibernation. At individual stations, spring-fed pond in Barron County ex- 
ble 12). Those sick or dead frogs mortality was first observed at a low perienced a large mortality in late De- 
noted were usually observed in only a level soon after hibernating congrega- cember, 1975, a full month and a half 
few locations in the state. tions were formed and increased with after freeze-up of area lakes. Dead 

| | time. At a given site, for example, 1 or leopard frogs have also been observed 
Patt f Mortalit 2 sick or dead frogs might initially be at hibernating sites in early spring, 
attern oO ortality . . 

observed, whereas the number might shortly after ice-out. 
increase to 50 or more within a few Most sick or dead frogs were ob- 

A chronology of observations of live weeks. Limited data suggest that mor- served in the water on the lake or 
and sick/dead leopard frogs is tality continues throughout the winter. stream bed although some were ob- 29



served in other locations, especially TABLE 11. Number of survey stations where frogs were present and 
prior to hibernation (Table 14). Live absent during observation periods in fall 1974-76. : | 

frogs were most often observed on the PC 
bank when cool temperatures concen- ____ Stations with Frogs Present No. Stations 
trated them near water. As air temper- Total No. Live+ —_— Only With Frogs 
atures became relatively colder than Year Stations Only Live Sick/Dead_Sick/Dead___ Total Absent 
water temperatures, most frogs were 1974 378 130(34%)  47(12%)  21(6%)  198(52%)  180(48%) 
observed in the water or at its edge. 1975 - 292 136(47%)  28(10%)  5(2%) 169 (58%) 123(42%) 

Field observations of abnormalities 19768084 (43%) 4%) A(%)—— 89(49%) 4 (51%) | 
were not quantified but serve to cor- | | | 

roborate laboratory findings. Leopard | | _ 

frogs were observed with ventral skin | | | 

discoloration, eroded digits, dry skin, TABLE 12. Observations on species other than Rana pipiens during the 
and hard muscles. Unusual behavior | fall mortality survey, 1974-76. | | 

occurred at several sites: frogs were a 

observed crawling out of water onto | Total Number Observed _ | 

ice, and dead frogs were noted on the 4974. ©»1975 ~—COSé«S«SOT 
i f partially frozen waters in No- . Tn no ee 
vember and December. Several Species itive Sick/Dead Live _Sick/Dead__Live_Sick/Dead_ 

healthy-looking frogs did not move Green frog 928 15 693 35 318 2 

when approached in warm weather and hana ¢ amitans | 
died shortly after collection. Bullfrog 128 0 65 0 95 1 

(Rana catesbeiana) * 

Case Histories of _ Pie ana vlustris) 6 1 31 0 0 0 
Representative Stations Wood frog 28 0 16 0 2 0 

(Rana sylvatica) | 
| | Unclassified species _112 2 124 _0 _9 0 

_ Although uniform procedures were TOTAL: 1,261 18 929 35 354 3 

established for conducting the survey, One ESSN es 

each station became an individual *Included green frogs in many instances, especially in 1974. : . 

case, often receiving modified handling | 

and producing unique results. Erratic : 

weather, natural variations in habitat, : - 

leopard frog behavioral characteristics TABLE 13. Number of leopard frogs observed per survey month grouped 
(many of which are poorly under- by geographic area. | 
stood) , and unknown factors associ- ooooananuauauaO00nQnQunnmm ene S——————————==z: 

ated with the mortality were largely re- Live Frogs Observed* Sick/Dead Frogs Observed 

sponsible for the differences, which Location Sep Oct Nov Dec Sep Oct Nov Dec 
, were heightened by the statewide 197400 

scope of the survey and the number of North 183 997 58 0 1 50 91 Oo. 

individuals involved. However, broad Central 61 1,591 1,228 73 0 4 232 246 
similarities in the results were present, South 84 4 9 18 0 0 104-290 

both within some individual stations TOTAL 278 2,592 1,385 86 1. 654 357 «586 
from year to year and among stations 1975 
throughout the state. The following © North 67 895 592 0 0 0 23 52 
case histories are representative of the Central 73 = 3,888 = 33,725 7 0 4 84 197 
statewide survey and illustrate the South _9 1182 2639 37 0 2 72 _15 
general pattern of mortality as well as TOTAL | 140 5,915 6,956 44 0 6 179 264 

some of the problems involved in tim- 1976 
ing field surveys. North 121 65 0 0 0 0 0 0 

Bullhead Lake. A 67-acre lake lo- Central 5 269 12 0 0 17 4 0 

cated in east central Wisconsin’s Mani- South 10 36 22 0 0 _2 3 oO | 
towoc County. Shoreline development TOTAL 136 370 34 0 0 19 7 0 

1S moderate with the surrounding *All leopard frogs observed were counted, including those that may have been sighted 
drainage area composed of 50% resi- more than once on different sampling dates. 
dential, 25% wetland, and 25% agri- | | - 

| TABLE 14. Number of frogs observed in September-December during preparation for hibernation, 
summarized by location. Numbers reflect total number of frogs observed and have not been 
adjusted for possible multiple sightings within a given year. 

Bank Water’s Edge In Water Other* 

Year Live Sick/Dead Live Sick/Dead Live Sick/Dead Live Sick/Dead 

1974 2,676 125 320 32 1,044 708 301 83 

1975 7,199 50 4,183 90 1,539 305 134 4 

1976 196 2 278 5 _ 68 _19 _3 0 
Total 10,071 177 4,776 127 2,651 1,032 438 87 

30 *Includes frogs sighted in upland areas, roadways, and iced water surface.
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Pt LO a PRAM Little Sugar River survey area. 

| oe wetland, and 25% agricultural. The 
7 study. area was located in a state- 

TABLE 15. Results of fall mortality survey for leopard frogs on Bullhead owned wildlife area with reed canary 
Lake, 1974-76. | grass the dominant immediate vegeta- 
eee ooo tion. Survey results are presented in 

Live Frogs ___Sick/Dead __ - Table 16. Most of the streambed was 
| Date Number Location Number Location Comments not visible due to turbid water and 

: | 1974 | } ; } 7 ] only a limited area could be sampled 

| 40Oct74 = 4.-«~Water edge; 0 --- Air temperature 50 by anet. Raccoon and bird tracks near 
| lake bed — Frall frogs | the water suggested quick predation of 

apparently healthy. sick or dead frogs in shallow water. 

7 Nov 74 7 Bank; water 0 --- Air temperature 50 Cu mulatively, 1975 mortality was sig- 
| edge F; 40 frogs of an nificant but most would have been 

| : unidentified species _ missed if the standard sampling for- 
| (probably green mat had been followed. The 1974 sur- 

: | | frogs) observed. vey of Little Sugar River was less in- 
1975 | tensive, showing moderate abundance 

17Nov75  —s- 821_—s Water edge; 2 Wateredge Live frogs appeared of live frogs (both leopard and green) 
| Take bed | healthy. and low-level mortality: Green frog 

1Dec75 — 2 Lake bed 44 Lake bed Skim ice present; | mortality (Table 12) was observed in 
| some frogs with red several locations throughout the state 

| | skin discoloration. in all 3 years of the survey and was the 
5 Dec 75 5 Lake bed 146 Lake bed Sample taken _ highest on the Little Sugar River. 

| | . through ice; many Muddy Creek. A small, low-gradi- 
| : frogs showed severe ent stream (average width at study site 

| ___ skin abnormalities; ~ equals 6 ft) located in west central 
| | many dead. Wisconsin’s Dunn County. Surround- 

1976 ing drainage is 50% wetland and 50% 
24 Oct 76 oo Oo Good survey | agricultural. Survey results are 

ne ewig reel presented in Table 17. Muddy Creek 
15 Nov 76 0 0 Air and water in showed a similar pattern and level of 

: . 30’s(F). Marsh mortality all 3 years of the survey al- 
| a | observation area though survey dates varied from year 

. much drier than in to year depending on weather patterns. 
: | past years. It is likely that further mortality would | 

TTT 3090111000000 have been observed if sampling under 
| | : the ice had been possible. The 14 Oc- 

— To tober 1976 observation of live frogs was 
| , the highest observed in the state and 

7 | | : was unusual in that dry year. 
cultural land. The survey station was Lake, and were completed by mid-No- 
located in a narrow band of softstem vember. Many showed the same levels 
bulrush and cattail at the lake edge. _ of live frogs as the 17 November Bull- Population Characteristics 
Survey results are presented in Ta- head Lake survey, but subsequent 
ble 15. In 1974, low numbers of live surveys were not made. In 1976, no 

_frogs were observed in October and frogs at all were seen in sampling A total of 760 leopard frogs was 
early November sampling, but no sick/ through freeze-up. screened in the laboratory during the 3 
dead ones. In 1975, freeze-up occurred Little Sugar River. A medium- years of the fall survey. Results for av- 
on most area lakes by late November sized stream (average width at study erage length, weight, sex ratio, and egg 
and was preceded by unusually warm site is 75 ft) located in south central production are tabulated in Tables 18 
weather. Most other area lakes were Wisconsin’s Green County. The sur- and 19. The sex ratio for mature frogs 

surveyed much earlier than Bullhead rounding drainage is 15% forest, 60% hovered near 1:1 throughout the study. 31



| : TABLE 16. Results of fall mortality survey for leopard frogs on the Little 
Sugar River, 1974-76. | | | 

Immature frogs composed 24-29% of | ———hive Frogs _ —__Sick/Dead__ - | 

the sample in these years. These Date ___——Number Location Number Location __—»—§ Comments | 

figures probably underestimate the 1974 | 

true proportion of immature frogs 11 Nov 74 27 Bank 0 --- Found in matted 7 , 

present because smaller frogs may reed canary grass; all 

have been less susceptible to collec- appeared healthy. | | 

tion, and there is evidence that they 22 Nov 74 5 Bank 3 Stream bank Red skin | 

migrate more erratically than the | discoloration on 

adults and might thus be more likely | ven dead freee i 41 

| missed. Females were slightly longer ve 

and heavier than males all three years. sick/ dead observed. 

Eggs, which are already ripe in the fall, toe 74 0 - 0 -- Snowing. 

l ight of | 
may accent tae nied in the Oring 3 Oct 75 129 Upland; bank; 0 --- 2 live green frogs; all 

breeding pond survey were also found water edge frogs appear healthy. 

to be heavier and longer than males. 200ct75 35 Bank 0 - Good survey 

As expected of normal animals, fe- | conditions. | 

males without pigmented eggs (macro- 19 Nov 75 1 Bank 0 - __ Freezing . 
. . . temperatures night 

intel epee an yet enpigmented) were : | before, ate 
| consistently smaller in both weight and 23 Nov 75 5 dee water oo | | 

net rable ie wie my pigmented 25 Nov 75 1 Water edge 0 Streambed Cold. 

adult frogs (> 60 mm) with otherwise 5 Dec 75 12 Bank; water 3 ner eee: aves Sick Goad 

developed eggs lacked pigmentation in | | ) " ’ . 

these eggs, suggesting a diversion from 7 Dee 75 3 Bank 7 Streambed : sick/ Gead green 

| noma oogenesis patterns or patholog- | reddening of skin, 

The threshold of egg maturation 12 Dec 75 oo 4 Streambed Ironas obvi = 
was 60 mm, with 97% of the females reddening of skin. 

examined above this length being sex- 1976 , 

. ually mature (Table 20 and Fig. 15). 7 Oct 76 8 Water edge; 0 Good sunny 

A large proportion of the frogs less streambed | conditions; frogs | 

than 50 mm long were immatures, and - observed were adults. 
none had pigmented eggs. Frogs mea- 12 Oct 76 QO -- 0 -- 1 live green frog. 

| suring 50-59 mm represented a “zone 2 Nov 76 QO -- 0 Good survey 

of overlap”, and included immatures conditions. 

(21%), females without pigmented 5 Nov 76 0 0 | 4 live green frogs. 

. eggs (69%), and a small percentage of 18 Nov 76 0 -. 0 Cold 

id females (3%). : ° 
Bravi 23 Nov 76 0 --- QO --- Cold. 

Pathology . _ 

Condition of Frogs Received in 
Madison. Of the 578 leopard frogs re- . 
ceived in the Madison laboratory for health category may have varied while recent years with frogs becoming sick 
processing in 1975, 79% were classified laboratory observations were made by or dying before shipment to buyers. 
as sick, dead, or decayed (Table 21). 1 person. (2) Frogs were held in close Gross Abnormalities. Laboratory — 
In 1976 the percentage was 43%. quarters 3-7 days between field collec- observations revealed a variety of in- 
When broken down by sex, the per- tion and laboratory processing. ternal and external abnormalities in- 
centage of females classified sick, dead, (3) Observation of the liver was possi- cluding ventral skin discoloration, 
or decayed was slightly higher than ble in the laboratory while it was not in hard muscles, eroded appendages, sub- 
males and immatures for both 1975 the field, and abnormal liver was used cutaneous hemorrhages, eye hemor- 
and 1976. in classifying frogs as sick in the labo- rhages, body emaciation, and various 

Many more frogs were classified as ratory. (4) Some of the frogs listed in liver abnormalities (Table 22). Ven- 
unhealthy (sick, dead, or decayed) in the laboratory as dead or decayed may tral skin discoloration was the most 
the laboratory than when they were have died from the trauma of transport common abnormality, ranging from a 
collected in the field, 79% in the labo- but this percentage is believed to be slight reddish color on the hind limbs 

ratory vs. 14% in the field for 1975, low (maximum of 10%). to a bright red color throughout the 
and 45% vs. 18% for 1976. Several dif- However, it is very possible that the ventral surface, including the front 
ferences between the 2 sets of observa- close confinement of shipping precipi- limbs. Abnormal liver was also com- 

tions must be taken into account when tated the emergence of sick symptoms mon, especially discoloration, which 
interpreting these data: (1) Field ob- in live frogs and accelerated death. Bi- took 2 forms: a cream or muddy color. 
servations were made by many differ- ological supply houses reported Normal liver color in freshly dead frogs 

32 ent people whose interpretations of the problems in holding leopard frogs in is brownish-red.
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| | | TABLE 17. Results of fall mortality survey for leopard frogs on Muddy Creek, 
1974-76. | - os | | 

Live Frogs ___Sick/Dead___ | 
| Date Number Location Number __ Location __Comments oe 

| 1974 | , 
28 Oct 74 30. Bank 0 -- Good survey | | 

. conditions; all 
| appeared healthy. 

4 Nov 74 0 --- 9  Streambed Sample taken through 
ice; red skin de 

| | discoloration obvious. 

1975 : oe : | 
26 Sep 75 30 Bank, water 0 --- : Good survey 

| -edge; streambed ~ conditions; all : 
: | appeared healthy. | 

. ~ 28 Oct 75 2 Bank --- Good survey 
/ | | conditions. | 

18 Nov 75 290 Bank; water 15 --- Good survey . 
edge; streambed conditions though | 

| , water cold; red skin : 
| : observed on sick frogs. | 

1976 | 
14 Oct 76 109 Bank; water 0 -- All appeared healthy; | 

edge; good survey 
_ streambed. ~ conditions. : 

: 25 Oct 76 2 Water edge; 20 Streambed Freezing conditions; 2 | 
: . streambed dead green frogs. 

| 2 Nov 76 2 Water edge 2  Streambed Warm day; 1 dead 
green frog. 

| TABLE 18. Sex ratio and average size of leopard frogs collected from throughout Wisconsin 
| in the fall of 1974-76. . 

| Males Females _ __Immatures | | | 
Avg. Avg. Avg. Avg. Avg. Avg. Ratio Mature 

Survey Total Weight Length Weight Length Weight Length Males : Mature 
Year Sampled No. (g) (mm) No. (g) (mm) No.  (g) (mm) Females 

| 1974 214 #77 22 60 79 2 62 58(27%) 8 42 49:51 
|" 1975 501 186 21 62 168 28 65 147(29%) 8 46 53:47 

1976 45 18 14 52 16 15 54 11(24%) 6 42 53:47 

‘TABLE 19. Presence of eggs, weight, and length of female leopard frogs 
collected from throughout Wisconsin in the fall of 1974-76. | 

With Pigmented Eggs Without Pigmented Eggs 

Avg. Avg. Avg. Avg. 
Survey Total Weight Length Weight Length 
Year Sampled No. Percent (g) (mm) No. Percent (g) (mm) 

1974 79 38 48 37.8 70 41 52 15.5 54 

1975 135 84 62 37.3 71 ~—sOS1 638 15.7 57 

1976 9: 2 22 19.5 60 7 78 9.4 47 

TABLE 20. Size classes of immature and female leopard frogs examined during the fall survey, 1974-76. 

= 50mm 50-59 mm => 60 mm All Sizes 

1974 1975 1976 Total Percent 1974 1975 1976 Total Percent 1974 1975 1976 Total Percent Total Percent 

Immatures 53 90 8 151 719% 5 36 0 41 21% 0 0 0 0 0 192 46% 

Females | 
without 
pigmented 
eggs 1 1 6 8 8% 381 36 1 £68 69% 9 14 0 28 28% 99 24% 

Females | 
with 
pigmented ; 

34 eggs Oo OO OO _O9 OO 1 8 O _4 (3% 39 8L 2 122 97% 126 30% 
Total 54 91 14 159 38% 37 75 1 113 27% 48 95 2 145 35% 417



TABLE 21. Number of frogs classified as live, sick, dead, and decayed . 
_- -* upon laboratory processing in Madison, 1975-76. | | 

DS | | Total Sick, | 
oe : Condition Received Total All Dead, Decayed 

Year Live Sick Dead Decayed Conditions = No. Percent 

co Male 48 51 43. 44 186 138 74 

| Female 27 63 38 40 168 141 84 
a -° _Tmmature — 41 32 =: 16 58 147 106 °»&#&72 

ee ‘Unreported 4 1 6 66 770 —i“‘(‘té‘ZXT 95 

oo 1976 
: Male 11 3 2 0 16 5 31 

oO -..Female 7 2 5 0 14, 7 50 
| Immature 7 2 5 0 14 7 50 

| Unreported 0 0 0 0 0 0 0 | 
TOTAL | | 

1975 120 147 103 208 578 458 79 
1976 | 25 7 12 0 44 19 43 | 

TABLE 22. Number of leopard frogs exhibiting abnormalities, based on laboratory observation of frogs collected 
| statewide, fall 1974-76... _ 

| 1974* 1975 1976 | 
| Percent | Percent Percent 

External | of Frogs — fe | of Frogs ‘ of Frogs 
Abnormality Total Exam. Slight Moderate Severe Total Exam. Slight Moderate Severe Total Exam. 

Dry skin oil ms) 12 5 0 17 3 1 0 0 1 2 
Skin discoloration 27 12° 87 60 32 179 31 5 4 1 10 23 
Hard muscles _ - 13 14 16 43 7 0 1 1 2 5 | 
Subcutaneous | | | , 

hemorrhages = - 3 4 2 9 2 0 0 0 0 
Eroded appendages _ _ 4 7 1 12 2 1 0 0 1 2 
Body emaciation 1.1 3 6 0 9 2 0 0 0 0 

' Liver abnormality** — _ - — - 116 21 _ _ _ 12 27 
Other 23 11 0 0 2 2 0 0 0 0 0 

Frogs examined! 218 | 578 44 

*Hard muscles, subcutaneous hemorrhages, and eroded appendages were lumped in the “other” category for 1974. | 
**Includes discoloration, surface hemorrhaging, white spots, and enlargement. Primarily external examination in 1974. 
1An individual frog often had more than 1 abnormality and was thus counted more than once. 

TABLE 23. Gross pathology of leopard frogs sacrificed for 
bacteriological examination. 

| No. with Eggs 
Resorbed/Resorbing 

No. Presence of Path. With Without — No. Positive 
Year Exam. Symptoms Path. Path. Aeromonas 

1974 22 19 (86%) _ _ 5 
1975 36 14 (39%) 4 5 0 

1976 17 9(53%) 0 2 3 

TABLE 24. Fat body development in frogs 
sampled in fall, 1975 and 1976. . 

1975 1976 

Fat Body 
Development No. Percent No. Percent 

Lacking 32 9 8 35 
Slight 103 30 9 39 
Moderate 110 32 5 22 
Extensive 104 30 1 4 
No. Frogs 349 23 35



For type of abnormality among ab- _ard frogs in several areas of the state duced by relatively low water concen- — 

normal frogs only, there is a highly sig- revealed no evidence of virus in either tration of Atrazine. Unexposed tad- 

nificant difference (P< 0.01) intypeof 1975 or 1976 (J. Warren pers. comm.). poles contained Atrazine residues of 

abnormality between 1974 and 1975 . | : 0.9 mg/1, which indicates the presence — 

with or without liver included, but Liver pathology. Liver sections in- of the herbicide in leopard frog natural 

there is no significant difference be- dicated degenerative changes. Intra- habitat. | 

tween 1975 and 1976 (probably due to cytoplasmic inclusions were found, but Lethal threshold for a 96-hour ex- 

small sample size) . their significance in frogs is not known. posure to Atrazine in Rana pipiens 

Blood smears did not reveal the Inclusions are associated with certain larvae in Minnesota was established at 

presence of any blood parasites. viral diseases in mammals and birds. 8.5 mg/l by Hovey (1975). Larval 

Bacteriological examination pro- The presence of hemosiderin in leopard frogs obtained from laboratory _ 

vided further evidence of pathological hepatic. macrophages suggests an- stock were held until reaching the 

conditions among these leopard frogs temortem blood destruction. Necrosis stage of chromatophore development 

(R. Simpson pers. comm.). From of hepatocytes was also observed; such (Taylor-Kollros Stage I). Groups of 20 

39% to 86% of the frogs autopsied had degeneration has been known to ac- tadpoles were distributed to 2-liter 

1 or more pathological symptoms (Ta- company ingestion or absorption of a glass containers and exposed to various 

ble 23). The 3 years collectively differ toxic substance (N. Levin pers. concentrations of Atrazine for 

highly (P< 0.01); there was also a comm.). 96 hours. Lethal threshold was de- 

highly significant difference between fined as that level of chemical at which 

1974 and 1975, but no difference be- Responses to Chemicals. Toxicity 1 more tadpole died in the exposed 

tween 1975 and 1976. An interesting tests for the herbicide, Atrazine, were group than in the control group. 
incidental observation was the resorp- run on leopard frog tadpoles in early Flora and fauna. Microscopic ex- 

tion of eggs. In 1975 eggs were resorbed spring of 1975 (Mauck and Olson - ae | 
. . amination of the upper 1/3 of the large 

or being resorbed in 9 females, only 4 of 1976). Although there were many po- . . 
. | a ° . intestine of the sample of 36 frogs sub- 

which showed any pathology. tential candidates for screening, 8 . . 
. . . . mitted for bacteriological cultures re- 

| Bacteria. Samples of leopard frogs Atrazine was chosen because of its | . . 
oe . . . vealed the presence of the following or- 

were examined each year for the pres- wide use in Wisconsin. Tadpoles were . . «os 
° . ganisms: Opalinids (Lata form), 

ence of bacteria, especially Aer- — exposed for 54 days posthatch to 6 ; 

omonas hydrophila, one causative water concentrations of Atrazine rang- Trichomonas, Proteromonas, 
’ ” , ‘ ane 8- = Nyctotherus, Hexamastix, Blastocys- 

agent of the well-known disease “red- _ing from 0.31 to 12 mg/1 in an effort to . 
9 . . . tis, Bodo; nematodes; trematode, 

leg” (R. Simpson pers. comm.). Of 75 determine effects on survival and . , . 
. was ae ves Megalodiscus; colonial green/blue- 

frogs examined, only 8 had positive growth. Significant mortality did not green algae, Selenodesmus 

cultures for Aeromonas (Table 23). occur in any concentration prior to 27 , " | 

One pooled sample (4-5 frogs) from days exposure; however, tadpole sur- Fat bodies. Fat body development 

Winnebago County, run separately _ vival decreased dramatically with con- was slight or lacking in 39% of the 

from the above, indicated the presence tinued exposure up to 54 days. frogs sampled in 1975, and 74% of 

primarily of Aeromonas. A number of Atrazine concentrations as low as those sampled in 1976 (highly signifi- 

species of Aeromonas were found in __ 0.31 mg/l significantly (P < 0.05) re- cant difference, P < 0.01) (Table 24). 

addition to hydrophila. Other bacte- tarded the growth of leopard frog tad- Although the relationship of fat body 

| rial organisms found were poles, but the difference in growth development to overall health has not 

Pseudomonas and Flavobacter. The rates between treatments was insignif- been established, it is possible that in- 

livers in these frogs were also a muddy icant. Tadpoles accumulated residues sufficient fat body development may 

gray color. | of Atrazine 5- to 14-fold greater than be an abnormality since these tissues 

Virus. Forty pooled samples of kid- the water concentration in 54 days. _ apparently are involved in sustaining 

neys and spleens collected from leop- Tadpole survival and growth is re- the frog throughout hibernation. 
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Evidence has accumulated from Large-scale sampling of leopard  _—consin. Heaviest mortality was cen- | 
many states and Canada that the leop- _frogs is difficult. An attempt was made tered in the east central counties, with 
ard frog (Rana pipiens) has under- to devise an easily obtainable estimate as many as several hundred sick/dead 
gone a decline in recent years (Modern of the number of frogs in a pond by frogs reported at a single hibernacu- | 

Medicine 1973, Gibbs et al. 1971, | counting the number of calls heard lum. At individual stations, mortality 
Belcher 1974). The decline in Wiscon- during a prescribed period and adjust- was first observed at a low level soon 

sin leopard frog populations was no- ing for the calling rate. The resulting after hibernating congregations were | 
ticed in the early 1970’s by professional call index was generally lower than the formed, and increased with time. Peak 

frog collectors (R. Robl pers. comm.) population estimates obtained through mortality was observed just before 
and others associated with the use of | mark and recapture techniques, and freeze-up when frogs had entered the 
frogs in scientific and educational work was not believed to be a reliable esti- water for hibernation. However, the 

(V. Hacker, DNR, pers. comm.; mate of the population density of a actual mortality peak may occur later 
M. Emmons, NASCO, pers. comm.). pond. However, the call index does ap- after freeze-up when observation be- 

According to Robl (pers. comm. 1979) _ pear to be a valid measure of the pres- comes extremely limited or impossible. 
leopard frog populations are still de- ence of breeding frogs, and could be Limited data suggest that mortality | 
pressed, although there have been 2 used to obtain an index of pond use continues throughout the winter. Sick 
years of successful reproduction. along survey stations from year to year. and dead frogs repeatedly displayed 
Many formerly good breeding areas no The difficulty in sampling large ventral skin discoloration, dry skin, 
longer have leopard frogs and mortal- areas was also evident in the fall mor- and hard muscles. Other abnormali- 
ity is still observed near hibernating _ tality survey conducted in 1974-76. ties documented were eroded digits, | 
sites in the fall. This survey was statewide, with 80-378 unusual behavior, and discolored liver. 

In the study ponds located in the stations monitored 2-3 times over Thorough laboratory analyses ruled 
East Central Study Area, spring popu- about a 2-month period each fall. Care out virus and bacterial infections as 

lation estimates ranged from 2 to 76 __ was taken to time the sampling periods significant reasons for the mortality. 
leopard frogs during 1975 and 1976. to correspond with the best chance of Limited work suggests the possibility _ 
These estimates are considerably lower observing frogs and documenting mor- _ that a toxic reaction may be involved. 

than those cited by Merrell (1968) for tality. However, weather anomalies Bioassay on larval leopard frogs ex- 
his study ponds in Minnesota (from and the secretive behavior of leopard posed to the herbicide, Atrazine, 
124 to 1,568 adults) in the late 1950’s_ _—‘ frogs made it very difficult to get com- showed that growth and survival were 
and early 1960’s. plete results. It is uncertain how many reduced by concentrations of Atrazine 

) Another indication of low popula- frogs were missed. Sick and dying as low as 0.31 mg/l. Interestingly, 
tions was the extent of unoccupied _ frogs are the most difficult to observe, control larvae were found to carry 
habitat. Along transects in 7 counties being quickly removed by predation or Atrazine residues of 0.9 mg/l. His- 
in east central Wisconsin 83 ponds _ sinking from sight in deep or turbid topathological examination of liver 
were identified with suitable leopard water. sections indicated necrotic tissue simi- 
frog habitat, but only 16% (in 1975) Conspicuous and widespread mor- lar to that produced by toxic 
and 28% (in 1976) were occupied by tality associated with fall hibernation accumulations. 
leopard frogs. Also in the fall, although = was documented throughout the 3- Reports to the Department in 1978 
many transects had leopard frogs, large year study and known to occur for sev- and 1979 continue to show the exis- 
concentrations were few. eral years prior to the initiation of the tence of leopard frog mortality in Wis- 

Many animal populations are study. Robert Robl (pers. comm. consin’s lakes and streams in fall and 
known to fluctuate in numbers, and 1974) began to notice die-offs in Wis- early winter. An examination of 10 
amphibians, with their dependency on _consin as early as 1958, and by the leopard frogs collected during a die-off 
spring and summer water conditions, early 1970’s dead frogs were reported in the Oconomowoc River, December 

are no exception. For example, in 1976 from many areas (Hacker 1973 pers. 1978 by the U.S. Fish and Wildlife Ser- 
late spring drought conditions de- comm., Vogt 1974 pers. comm.). Al- vice laboratory in Patuxent, Maryland, 
pressed the number of ponds produc- _— though no quantitative data exist for showed no significant amount of insec- 
ing young close to the previous year’s past population levels of Wisconsin ticides in the tissues. However, no her- 
level, even though the number of __ leopard frogs, biological supply houses bicide analyses were made. 
ponds with breeding activity had qua- __ reported a large decline over the past It is possible that mortality also oc- 
drupled. It is not known, however, 10 years. curs away from hibernating sites dur- 
whether these fluctuations in the cur- Similar mortality has been noted ing late spring and summer. Leopard 
rent low numbers of leopard frogs rep- for surrounding states. McKinnell frogs are widely dispersed at these 
resent the downside of a natural fluc- (Modern Medicine 1973) observed times, making any mortality difficult 

tuation or a more permanent __ large numbers of dead frogs in the field to observe and document. 

reduction. Only long-term monitoring in Minnesota for the first time in 1973. 
can answer this question. While there had been severe winter- 

Within these low leopard frog popu- = kills in Manitoba in the past, RECOMMENDATIONS FOR 

lations, breeding phenology, sex and Carol Scott (pers. comm. 1974) re- FUTURE RESEARCH AND 
age ratios, size and condition of adults ported unexplainable deaths on a large SURVEYS 
and young, egg production, metamor- __ scale in 1974, with dead frogs piled sev- 
phosis, and movements generally ap- _ eral inches deep along a lakeshore and 
peared to be normal, on the basis of | exhibiting reddish coloration on the The objectives of this preliminary 
comparison of these population char- _ ventral surface. study have been met: namely to pro- 
acteristics with those published by A repeated pattern was docu- vide a base of information on leopard 
other investigators. mented for the fall mortality in Wis- frog populations to compare with 3]



known data from other states and _mortalityshould be continued. Survey _ ponds. Their environment has been 
provinces, and to monitor the observed stations should be run in the east cen- and still is changing constantly, and 
mortality. But many more questions tral counties — Sheboygan, many factors may combine to stress 

- and avenues of research and survey Fond du Lac, Manitowoc, and the frog on its breeding, summering, 

have been opened up. An intensive Kewaunee — to monitor spring breed- and wintering range. Some factors are 
study is needed to determine the cause ing populations. Suitable habitat can slow and constant. Wetland drainage, 

of the observed mortality. Particularly be identified using the 7 criteria for an for example, resulting in considerable 
important are histopathological stud- “ideal pond,” and the percentage of loss of habitat, has been occurring in 
ies, since gross observations suggest a suitable ponds with frogs present in recent years at the rate of 1% per year 
possible inability of leopard frogs to spring will provide an index to spring (Dale E. Marsh, pers. comm.). 
enter and remain in the water at breeding populations. —_ Other factors have led to drastically — 
hibernation time, which in turn may be Fall mortality should also be moni- different land use. Agricultural crops 
related to abnormal water metabolism tored each year through examination planted have not greatly changed, for 
beneath the skin and the change from __ of a representative number of areas for example, but tillage methods have, 
lung to skin respiration (V. Hacker, dead or dying frogs in late fall immedi- shifting from cultivation to higher pes- 
R. Robl, M. Nickerson pers. comm. ately prior to freeze-up. The timing is ticide use. In addition, higher costs of 
1979). Closer pathological studies of | extremely critical, for the mortality is | farming and the fast rates of price in- 
the liver abnormalities are needed. not evident before this aggregation at creases have intensified farming ef- 

Preliminary toxicity tests with the hibernacula. Intensive, perhaps forts to obtain higher yields. This has 
Atrazine showed a cumulative lethal daily, monitoring of a small number of resulted in higher fertilizer and pesti- 
effect. Intensive laboratory study of | known hibernacula should be carried cide use, with consequent runoff into 
the single and combined effects of her- out to more thoroughly characterize ponds and rivers. Effects of these and 
bicide residues (and breakdown prod- mortality. other environmental pollutants could 
ucts) in both leopard frogs and pond The leopard frog may likely be an- be direct, or indirect, weakening the 
water are needed to analyze the possi- other subtle indicator of a greatly mod- frog or increasing its susceptibility to 
ble role of chemical contaminants in ified environment. The reasons for other stresses. - 

| producing the mortality observed in _ this stem primarily from the fact that The drama of the leopard frog de- 
the field. | the leopard frog ranges from lakes and cline that has been unfolding over the 

In the meantime there should be rivers to wetlands to surrounding agri- past decade may provide a vital insight 
continued vigilance. Monitoring of cultural fields, and sometimes wood-_ into ecosystem health — it must not go 
spring breeding populations and fall lands, a mile or more from the breeding on unnoticed or unattended. | . 
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Copies of the above publications and a complete list of all technical bulletins in the series are available from the Bureau of Research, Depart- 
ment of Natural Resources, Box 7921, Madison, WI 53707.
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