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INTRODUCTION 

The Spring Peeper (Hyla crucifer) is a small treefrog 

commonly associated with woodlands in the eastern third of 

the United States. The species has a widespread distribution 
I 

ranging from the Gaspe Peninsula at the mouth of the St. 

Lawrence River west through Manitoba and Minnesota, south 

through eastern Kansas, Oklahoma, and Texas, and east to the 

northern third of Florida (Conant, 1975; Behler and King, 1979), 

This is a more extensive range th~D is found in most other 

species of North American amphibians (Delzell, 1958). Two 

subspecies of this frog occur. The southern subspecies, .!:!· 

£· bartramiana occurs only in southern Georgia and northern 

Florida. The Northern Spring Peeper, .!:!· Q· crucifer, occurs 

throughout the rest of the range (Figure 1) . 

Hyla crucifer is a small slender frog, ranging when adult, 

from two to three centimeters in length. The Spring Peeper 

possesses adhesive discs on the ends of its toes which is a 

characteristic of the family Hylidae. It is distinguished from 

other species of treefrogs by its small size and a dark cross 

on the back usually in the form of an X. The dorsal color of 

this species varies under different environmental conditions, 

from a pale tan to a darker tan to a dark olive drab. The 

limbs, especially the hind limbs, are marked with narrow bands 

of brown or gray. H. c. crucifer is characterized by a plain 

white or cream ventral region while.!:!· Q. bartramiana exhibits 

a venter strongly marked with dark spots (Conant, 1975). 

Secondary sexual dimorphism does not occur except during the 



Figure 1. Distribution of Hyla crucifer in North America. 
(Map tal~: en from Con ant , 19 7 5) . 

2 



3 

0\ O\ 

~\ ~ 



breeding season when males differ from females by having a 

dark greenish gular region (Delzell, 1958; Oplinger, 1966; 

Collins, 1982a), 

Spring Peepers are cool weather breeders (Gerhardt, 1973) 

chorusing from late November to March in southern areas and 

in northern areas from March to early June (Conant, 1975; 

Behler and King, 1979). The species prefer semipermanent to 

permanent pools, ponds, ditches, or swamps with considerable 

edge and emergent vegetation (Delzell, 1958; Gerhardt, 1973: 

Collins, 197 5: Conant, 197 51 Behler and King, 1979: and Collins, 

1982 a and b). Meteorological cues of increased temperatures 

and associated rainfall are believed to arouse torpid wintering 

adults (Delzell, 1958; Conant, 1975; Behler and King, 1979; 

Collins, 1982a). 

· Males arrive at the breeding ponds, establish territories, 

·~nd begin chorusing (Delzell, 1958; Fellers, 1979a). Male 

Spring Peepers exhibit two types of calls. The primary breeding 

call is a high piping whistle often called a peep. Males also 

emit a trill which is believed to be used during encounters 

with other males (Rosen and Lemon, 1974) or by the first males 

initiating choruses. Although females are believed to arouse 

several days later than males, both sexes appear to arrive at 

the breeding ponds simultaneously. Males remain at the ponds 
•/11 

for several weeks (!;9/the entire chorusing period (from 40-50 

days) while females enter the ponds throughout this period, 

select a mate, lay eggs, and leave. Females lay from 800 to 

1,000 eggs (Delzell, 1958; Collins, 1975) singly with each 

ovum being attached to some segment of submerged plant material, 
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Eggs hatch in four to five days and larvae metamorphose in 

90 to 100 days (Collins, 1982a). 

During most of the year, Hyla crucifer is terrestrial. 

Delzell (1958) did an ~xtensive study on the movements of 

Spring Peepers in Michigan. He found that with the cessation 

of breeding activity the adults return to wooded regions with 

sufficient vegetation and other cover to provide a fair amount 

of litter on the ground. During the summer months the animals 

take shelter under the leaf litter, fallen bark, or similar 

objects and establish a more or less permanent summer horne 

range. In fall adults move about the forest in similar patterns 

as pre-breeding spring behavior and males are again heard 

singing, predominantly in the woods. With the advent of 

cold weather, wintering occurs under the leaf litter. 

Upon metamorphosis, subadults leave the larval aquatic 

·situation and move towards regions of higher vegetation. 

Immature forms do not engage in breeding activity in the spring 

following their metamorphosis. During the first two years 

of life, subadults wander extensively over the forest floor. 

They do not set up horne ranges possibly due to their large 

demands for food which do not allow them to remain in a con

fined region. 

Records of H. g. crucifer in Kansas have been taken from 

Miami, Linn, and Cherokee Counties (Figure 2). Gloyd in 1932 

found numerous specimens of this frog near an open marsh from 

21 April to 23 September in Miami County. A single specimen 

from Linn County was taken near the Miami County line in 1936 

(Collins, 1982b), Collins (1982a) believed that these records 
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Figure 2. Historic distribution of Hyla c. crucifer in Kansas. 
(Map taken from Collins, 1982a). 
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came from populations no longer extant due to habitat destruction, 

Rundquist and Collins (1977) felt that this frog was 

active from March to June in Cherokee County. Rundquist 

found calling males at two localities in Cherokee County in 

1978. Collins (1982a) reported that K. Irwin in 1980 found 

four calling males on 18 April in Cherokee County. On 16 

March 1980 Collins (1982a) reported finding thirteen males 

calling from five small ponds in Cherokee County. Collins 

in 1982 reported greater than 100 calling males from nine 

localities in Cherokee County. He believed the frogs to be 

breeding at possibly two of these sites and colonizing the 

remaining areas. 

The status of Hyla crucifer in Kansas has been considered 

precarious (Platt, et al., 1974) and it has been recommended 

for the endangered species list (Collins, 1982b). 

The breeding ecology of this treefrog has been studied 

for populations in the eastern United States (Delzell, 1958; 

Oplinger, 1966; Collin~ 1975) but never closely examined for 

midwestern populations such as exist in Cherokee County. 

Populations in Cherokee County are on the western edge of 

the Spring Peeper's range. Peripheral populations are of 

interest to biologists since some evolutionary theorists 

(Mayr, 1963; Futuyma, 1979) believe that such populations may 

lead to speciation. Mayr (1963) believes that divergence occurs 

primarily in peripheral populations formed by colonization at 

the edge of a species range. Delzell (1958) has shown B· 

crucifer especially when youn§ to be a highly mobile species. 

He believes that this produces a mixing of the population which 
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tends to inhibit the evolution of new forms possibly explaining 

the large geographical area with only two subspecies of the 

Spring Peeper. 

This study was initiated to examine the peripheral pop

ulations of Spring Peepers in southeastern Kansas. The objec

tives of the study were to determine the size and location of 
. 

populations within the county, to observe as much of the repro-

ductive cycle and associated behaviors as possible, and to 

assess habitat, determining those critical aspects needed to 

maintain breeding colonies. Since Spring Peepers are seldom 

seen except during the breeding season (Conant, 1975) and due 

to the small size of the Cherokee County population, the study 
. 

was restricted to this period. It was hoped that the results 

of this study would give an estimation of the stability of the 

Cherokee County population and aid in designing efforts to 

'maintain this species within the state. 
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METHODS AND MATERIALS 

Study areas 

The main study areas were located one-half mile east of 

the spring River off Highway 96, Cherokee County, Kansas, iNE 
of T3SS, R2SE. The location was 16 miles south and four miles 

east of Pittsburg, Kansas. This site was discovered by Collins 

in 1982 and was designated PondS (Collins, 1982b). It was 

found to contain four different ponds of chorusing males 

subsequently referred to as Sa, b, c, and d. Two calling males 

were discovered at another site during this study, designated 

Se. 

Area S consisted of three wood lots separated by wheat 

fields. A T-shaped gravel road separated the woods with two 

being to the north and one lying to the south (Figure 3). 

Ponds Sa and d were located in the northwest wood lot, Pond Sb 

in the south, and Sc on the edge of the northeast stand. Area 

S ponds were chosen as the principal study sites because they 

contained the greatest number of calling males in 1982 (Collins, 

1982b). Ponds Sa, c, d, and e were owned by Sam Ross, Route 

1, Box 192, Galena, KS. Pond Sb was owned by Norman Clark, 

Route 1, Galena, KS. For a complete list of property owners 

see Appendix 1. 

Reproductive data and behavioral observations were recorded 

at Pond Sa. It was chosen because of its easy access from the 

road and because Collins (1982b) considered it to be the 

optimal site for numbers of chorusing males. The 323 square 

meter area consisted primarily of Sedge (Carex frankii) along 

llJ 
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Figure J, Location of Ponds 5a, b, c, d, and e. 
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the northern edge with clwnps of Southern Blue Flag (Iris 

virginica) interspersed and open water throughout the rest of 

the pond. Center depth averaged 26 centimeters and the pond 

was ephemeral, being completely dry by 14 June 1984. By 9 

May it was estimated that seventy-five percent of the total 

water surface was covered with Waterwort (Elatine americana), 

Creeping Waterpri~Iose (Jussiaea repens), and associated 

filamentous algae. 

Directly adjoining the northern boundary of the pond 

was a 1. 86 hectare stand of primarily oak (Quercus) species 

and Green Ash (Fraxinus pennsylvanica). This area was flooded 

until 24 May. 

A clearing of open water and sedge was located in the 

center of this woods, 5d. This 224 square meter pond was a 

'new site for Spring Peepers. It was dominated by sedges around 

the perimeter with open water in the center. Filamentous algae 

was associated with the emergent sedges. The area, with a 

center depth of 19 centimeters on 14 April, was surrounded by 

trees and completely dry by 24 May. 

Pond 5b, located in the southeast woods, was a permanent 

shallow pond of human construction. The 932 square meter pond 

had an average center depth of 34 centimeters with heavy pond 

edge vegetation primarily sedges, Southern Blue Flag, and Spike 

Sedge (Eleocharis obtusa). Fifteen clumps of Swamp Dogwood 

(Cornus amomum), less than two meters in height were dispersed 

throughout the open water. It was estimated that by mid-June 

seventy-five percent of the water surface was covered with 

filamentous algae associated with American Lotus (Nelumbo 
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lutea) and Water Smartweed (Polygonum punctatum). The pond 

was surrounded by an o.ak, elm (Ulmus sp. ) , and Green Ash woods. 

Located at the northern edge of the northeast stand of 

trees, pond )c was a shallow-edged oxbow of the Spring River, 

locally referred to as Cramer Lake. Approximately 500 meters 

in length and 200 meters wide, this pond had a depth one meter 

from shore of 11.5 centimeters on 13 April. Center depth was 

greater than three meters. The peepers were concentrated at 

the southeast shoreline in patches of sedges and Southern 

Blue Flag. Willows (Salix sp.) grew around the shoreline and 

by 9 May, the water surface was completely covered with American 

Lotus, Water Smartweed, Pickeral-weed (Pontederia cordata), 

Duckweed (Lemna sp.), and associated filamentous algae. The 

pond was surrounded by a narrow band of trees, primarily Eastern 

Redbud (Cercis canadensis), Red Elm (Ulmus rubra), Pin Oak 

·(Quercus palustris), Green Ash, and American Basswood (Tilia 

americana). 

Pond )e was discovered by the presence of two calling 

males on 12 April. This was the only time these frogs were 

heard. It is possible that they moved from )a, but there is 

no data to confirm this. Males were calling from a flooded 

area in a woods west of )a. The two wooded areas, approximately 

200 meters apart, were separated by a wheat field. The area 

was similar in size and vegetational composition to 5d. 

Calling Spring Peepers were found in four of the nine 

ponds described by Collins (1982b). Pond 1 was located north 

of Highway 166, four and one.-half miles south and east of 

Galena, Kansas on the Kansas-Missouri line, ~NE of T35S, R25E. 

14 



This pond was of human construction with a center depth of 

greater than three meters. The shoreline lacked vegetation 

except for a stand of Cattail (Typha latifolia) in the eastern 

corner from which two male Spring Peepers cal+ed. Distance to 

the nearest trees, Bur Oak (Quercus macrocarpa), White Oak 

(Quercus alba), and Post Oak (Quercus stellata) was 40 meters. 

The trees were on the Missouri side of the line and two small 

ephemeral pools containing calling Spring Peepers were located 

there. The two ponds on the Missouri side were owned by 

Robert Burrows, Route 5, Box 452, Joplin, Missouri. and the 

Kansas pond was owned by C. K. Brown, Route 2, Box 40, Galena, 

KS. 

Pond 3 was located south of Highway 166 directly below the 

town of Baxter Springs, Kansas between the city limits and 

the Spring River, T35S, R24E. The pond was owned by H. D. 

'Youngman, 1406 Fairview, Baxter Springs, KS and had been in 

existance for over 25 years. C. Hildreth, (per. com.) living 

directly above the pond could remember hearing peepers calling 

for the last five years. This natural backwater oxbow of the 

Spring River was approximately 750 meters in length and 250 

meters wide, but the peepers were concentrated in the 1200 

square meters of flooded shallow wetland on the west edge. 

This edge was heavily vegetated with Common Bulrush (Scirpus 

validus), sedge, Spike Sedge, and Sloughgrass (Spartina 

.pectinata). Center depth was 54 centimeters on 13 June. 

Buttonbushes (Cephalanthus occidentalis) were dispersed along 

the edge growing out of the water. A Green Ash, American 

Elm (Ulmus americana) and Hickory (Carya sp.) woods bordered 

the eastern edge of the pond: 

15 



Pond 4 was a 1,152 square meter pond of human construction 

located two and one-half miles south of Galena and three

fourths of a mile east of Highway 26, iSE of T34S, R25E. It 

had little pond edge vegetation with sparse patches of Spike 

Sedge. Center depth was estimated to be between three and five 

meters. The distance to the nearest stand of Green Ash, Oak 

sp., and American Elm was 100 meters. The pond was owned by 

Ruby Carver, Route 2, Box 146, Galena, KS. 

Located two and one-fourth miles east of Baxter Springs 

and one-fourth mile south of Highway 166, T35S, R25E, site 7 

consisted of two small ponds. Pond ?a, the smaller of the two, 

was 35 square meters in siz_e and filled with Water Plantain 

(Alisma sp.) and associated filamentous algae. The center 

depth on 27 April was 39 centimeters, but the pool is ephemeral. 

This pond lacked edge vegetation. One White Oak, three Bur Oaks, 

and one Pin Oak surrounded the pond, but the nearest stand of 

trees was greater than 100 meters away. 

Pond ?b located just south of ?a was 240 square meters 

in total area. The pond edge lacked cover but emergent vegetation 

included American Lotus and Creeping Waterprimrose with a ten 

percent algae coverage. The center was too deep to measure. 

Distance to the nearest stand of Post Oak, Kentucky Coffee 

Tree (Gymnocladus dioicus), and Bur and Red Oak (Quercus rubra) 

was five meters. The two ponds were owned by Ralph Culver, 

44 Oak Crest Circle, Baxter Springs, KS. 

Reproductive data and census technigues 

This study was initiated with three main objectives. First, 
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to make observations on reproductive activities and behaviors 

within the Sa population, Secondly, all ponds described by 

Collins (1982b) were to be checked and the status of these 

populations determined. Third, a thorough habitat study, 

including a vegetational st~vey and water composition analysis 

was conducted for each pond described by Collins (1982b) and 

three additional ponds discovered to contain Spring Peepers. 

Eleven trips were made to Cherokee County from 17 February 

to 14 June. A total of 55 hours was spent at Pond Sa making 

observations on number of calling males, time at initiation of 

calling, temperature at initiation of calling, frequency and 

estimated intensity of calling, position of calling males 

throughout the area, and behavioral observations on calling 

males. Ambient air temperature along the shoreline at ground 

level .and shoreline water temperature were recorded hourly in 

degrees centigrade to be used in correlation with males' 

calling behavior. On three occassions during the study period 

as many males as could be located were captured, snout-ischium 

length and weight recorded, and after 12 April, toe clipped for 

individual identification. On two occasions this data was 

recorded for individuals captured in 5d. 

Individuals were located by systematically seeking out 

each calling male. Male Hyla crucifer emit a high piping 

whistle often called a peep as their breeding call (Rosen 

and Lemon, 1974). The distinctness of this call facilitates 

location of males. Without consistant calling by males, their 

location is impossible to determine. When calling persistantly, 

males did not seem to be disturbed by my presence or the use 
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of a flashlight with a red filter. A similar technique was 

used with success by Fellers (1979a). 

Upon capture by hand, individuals were weighed to the 

nearest one-half.gram with a five gram Pesola scale, and 

snout-ischium length was recorded to the nearest millimeter 

by flattening the frog against a plastic ruler. This measure

ment rather than snout-vent length was used by Collins (1975) 

and Fellers (1979) who found it to be a more feasible method 

in measuring such small frogs. Adults were sexed according 

to the presence or absence of an olive-brown vocal sac found 

only in the male. For future recognition, some frogs received 

a unique mark by clipping one of the toes following a system 

modified after George (1940) and Collins (1975). Due to the 

small number of frogs marked in this manner, only one toe 

needed to be clipped. Collins (1975) and Delzell (1958) found 

.that clipping two to four toes to mark Hyla crucifer had no 

affect on the motility of marked animals nor was regeneration 

of the excised digits observed. 

The position of each calling male located was flagged with 

a red survey flag. Males were located starting at one end of 

the pond and working towards the other. By flagging the actual 

position or close approximate position of each calling male one 

could return to the area during daylight and measure in cent

imeters the distance between calling males. By counting the 

number of flags one could also double check the number of 

calling males recorded. Due to the small size of the population 

this method worked well and gave an accurate determination of 

number of calling males. Behavioral observations were made by 
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watching calling males with the red light from a position one 

meter away. 

Three evenings, JO March, 1J April, and 27 April, were 

spent from dusk to 2JOO hours checking the other ponds described 

by Collins (1982b) for presence of calling Spring Peepers. 

Each pond was checked at least twice during these surveys. 

Landowners ··of all ponds were contacted and permission was 

obtained to enter ponds for surveying and to conduct habitat 

analysis. Presence or absence of calling·males was determined 

by listening from close proximity. No pond contained more 

males than could be counted by individual voice. 

One trip was made to the Marais des Cygnes National Wild-
/1¢_., " ':' -~ "- M a '7 f- /l r u « · 

lifeA~• Linn County, on 19 April. Three areas indicated 

as possible peeper habitat by M. Schwilling (per. com.) were 

checked for calling males by listening at each area between 

·dusk and 2200 hours. 

Habitat analysis 

Habitat analysis was two part; vegetation surveys and 

water composition. Vegetation surveys began on 9 May with Pond 

Sa. Quadrat analysis vegetational sampling tachnique outlined 

by Prophet (1972) was used to determine density and species 

composition at the pond. One hundred one meter square quad

rats were established and twenty-six of these were randomly 

chosen and sampled. Stem counts per square meter were used to 

determine density. 

A similar method was used for surveying species and density 

of the wooded area bordering Sa. Ten 10-meter square plots 
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were sampled. Five transects were run at ten meter intervals 

north-south through the woods. Two quadrats were selected at 

random distances along the transect and sampled. Density, 

species composition, and ·breast height diameter of trees were 

determined from these quadrats. This method was modified 

from Phillips(1959). 

Ponds 5b, c, and d, and the eight other ponds described 

by Collins (1982b) were included in vegetational analysis. 

The species composition of each pond was determined by identi-

fication of plants in and around the ponds. All ponds except 

two were small enough to allow this method to be adequate. The 

two large ponds had their calling Spring Peepers concentrated 

in one area and the vegetational composition of this smaller 

region was determined. Since relative species composition was 

used as an index to compare similarities and differences between 

··ponds, it was felt that this method of determination was 

acceptable. A similar method was used for associated woodlands. 

Two transects were walked within each woods and tree species 

were identified. This was used for comparison between areas. 

Trees were identified according to Stephens (1~~). Identifi

cation of aquatic plants was according to Fassett (1957). 

Physical and chemical properties of pond water were 

determined both in the field and from samples brought back 

to the laboratory. Shoreline data included air temperature 

at ground level, water temperature, and dissolved oxygen content 

measured with a field temperature-dissolved oxygen meter. 

Temperature was measured in degrees centigrade and dissolved 
', 

oxygen in parts per million. 
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Water depth one meter from shore was measured in three different 

places and an average depth was determined in centimeters. 

Center data measured air temperature at water surface, surface 

water temperature, bottom water temperature, dissolved oxyg·en 

content, and center depth from estimated deepest point. pH 

was also determined in the field with a mini pH meter. Samples 

were collected in gallon jugs from shoreline water and brought 

back to the laboratory for further analysis. Samples were 

kept refrigerated if they could not be analyzed immediately. 

Laboratory analysis included measuring alkalinity, 

chlorophyll content, turbidity, and conductivity. Alkalinity 

and chlorophyll content were measured according to the methods 

outlined in Appendix 2 and 3. Turbidity was measured in 

Jackson Turbidity Units determined from percent transmission 

of a Spectronic 20 with blue-sensitive photocell set at 4SO 

nanometers. Conductivity was measured in micro MHO's/cm with 

a conductivity meter. 

Ponds Sa and b were used as controls and water data was 

collected from them weekly. All other ponds were sampled 

once and comparisons were made to Sa and b data for that date. 

In this way water composition from other ponds could be 

compared to ponds where breeding populations were established. 

All ponds were seined and swept with an aquatic insect net in 

order to determine potential predators. 
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RESULTS 

Calling male Hyla crucifer were found on thirteen nights 

from 18 February to 27 April in Cherokee County. A total of 

ten ponds contained calling males at some time during this period. 

Three of these ponds were new sites for the Spring Peeper in 

Kansas. Two ponds were discovered containing calling males 

just on the Missouri side· of the line and peepers could be 

heard calling approximately one-fourth mile east into Missouri, 

Total numbers of calling males at each pond for each survey 

and ambient air and water temperatures at time of survey are 

shown in Table 1 .· Population fluctuations over the three month 

period for ponds Sa and d are shown in Figure 4. A maximum of 

30 frogs in Sa, 2S frogs in Sb, 12 frogs in Sc, 10 frogs in Sd, 

2 frogs in Se, 2 frogs in la, lS frogs in 3, 7 frogs in 4, 1 

.frog in ?a and 3 frogs in ?b were recorded for a total maximum 

of 107 frogs throughout the three month period in Cherokee 

County. Figure S shows the locations of the ten ponds. 

No Spring Peepers were recorded during the 19 April census at 
/\t;;...,cr1"»1l"'1f 1/rcra: 

the Marais des Cygnes N~ Wildli~e~Re£uge in Linn County. 

No more than 30 males began calling on 14 March. This 

date followed a rain of 0.18 inch the day before and 0.30 

inch that morning. Air temperature and water temperature were 

both 13°C. This temperature was considerably higher than the 

p~evious survey (nine days earlier) with temperatures of 10°C 

air and ?°C water. Males were first heard calling at 164S 

and continued to call until 0700 the next day. They called 

continuously from 1830 to 2000 and then began calling in waves 
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Table 1. Numbers of calling males at each pond for each survey 
and ambient air and water temperatures at time of. 
survey. 

Date Pond Number of Air Water 
calling males temp. oc temp. oc 

18 Feb. 5b 2 8 8 

25 Feb. 5b 2 10 7 

14 March 5a 30 13 13 

14 March 5b 25 11.5 12 

14 March 5c 10 15 15 

14 March 5d 9 13 13 

24 March 5a 9 5 5 

24 March 5b 10 5 5 

24 March 5c 12 5 5 

24 March Sd 1 s s 
. 29 March Sa 12 s 3 

29 March Sb * 
29 March Sc * 
29 March Sd * 
30 March Sa 6 8 s 
30 March Sd 4 8 s 
30 March 3 1S 8 10 

30 March 1c 2 8 10 

30 March 4 7 8 10 

6 April Sa 8 13 12 

6 April 3 s 13 12 

7 April Sa 3 10 8 

7 April Sd 1 10 8 
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Table 1. (Continued) 

Date Pond Number of Air Water 
calling males temp. oc temp. oc 

7 April 5d 1 10 8 

12 April 5a 8 13 13.5 

12 April 5e 2 13 1]. 5 

13 April 5a 4 11 12.5 

13 April 5c 12 11 12.5 

13 April 5d 10 11 12.5 

13 April 4 2 11 12.5 

23 April 5a 2 12 12 

23 April 5b 1 11 12 

23 April 5d 0 11 12 

23 April ?a 1 11 12 

23 April ?b 3 11 12 

26 April 5a 0 21 23 

26 April 5b 0 21 23 

26 April 5c 0 21 23 

26 April 5d 5 21 23 

27 April 5d 1 11 11 

9 May 5d 0 15 17 

* males were calling but were not counted 



Figure 4·. .Population fluctuations over three months for Ponds 
5a and 5d. 
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Figure 5. Locations of the ten ponds containing calling males 
in 1984. 
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of three to five minutes in duration with three to five minutes 

in between choruses. The calling frequency and intensity were 

estimated to be high and the frogs seemed undisturbed by my 

presence or light. I was unable to flag frogs so an actual 

count was not made nor were distances between calling males 

measured. Males were spaced throughout the sedges in groups 

of three to five. Males were dueting and trioing as has been 

previously described by Gerhardt (1973), Rosen and Lemon (1974), 

and Fellers (1979b). There were five of these groups of males 

observed estimating from 15 to 25 frogs present with a few 

males calling singly from the peripheries. No attempt was 

made to capture any males at this time. 

In following surveys, numbers nor intensity of calling 

never again reached the height of the 14 March census. Temp

erature did not.again reach 13°C on a census until 6 April. 

·Twelve calling males were reported on 29 March and eight calling 

males on both 6 and 12 April. Males called in groups of two 

to three dueting and trioing. One to three males called singly 

at the peripheries. Calling began at dusl~: and except at 

extremely low temperatures was continuous for the first hour. 

Males then called in waves until 2130 to 2200 after which number 

of males calling decreased and calling waves shortened and 

became sporadic. Males were impossible to locate at this time, 

as any movement would cause chorusing to cease. Initiation 

of calling appeared to be light dependant while slowing down 

of activity seemed to depend upon temperature and elapsed time. 

Table 2 shows time of chorus initiation and associated temper

ature, and time and temperature when calling became sporadic. 
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Table 2. Times and temperatures when chorusing began and 
became sporadic. 

Date Time at Start Temp. °C 
air/water 

Sporadic Temp. °C 
air/water 

14 March 1830 15/15 

24 March 1845 5/5 2230 4.5/5 

29 March 1845 .8/8 2200 3/3.5 

6 April 1800 13/12 2200 12/11 

12 April 1800 14/16.5 2200 10/10.5 

13 April 1830 13.5/15 1930 11/12.5 

23 April 1900 12/12 
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Observations of calling behavior found most of the males 

calling at,_ ground level from the water's edge riext to or just 

under a sedge. Most males called from a crouched horizontal 

position with the only movement detected being the ballooning 

in and out of the gular sac. A few males were observed placing 

the front feet up on a sedge in a more vertical position slightly 

elevating the body appearing to allow more room for the throat 

sac to balloon. Only one male was observed calling above ground 

level from atop a fallen log in 5d. 

The males were spaced 100 meters or more apart and at no 

time during the study were any encounters between males observed. 

No females were observed in this study. ( 

Males would begin calling at dusk often using a trill 

(Rosen and Lemon, 1974) for the first few calls before beginning 

to peep. The trill was more often used at lower temperattrres 

·and the frequency and intensity of chorusing appeared to have 

a direct relationship to temperature. At lower temperatures, 

less males were calling with low intensity and frequency for a 

shorter duration than at higher temperatures. 

A mean of 10.1 males with a range of two to 12 individuals 

called in Sa from 14 March to 23 April. In 5d, mean calling 

number was J.9 with a range of one to 10 males being first 

recorded on 14 March and continuing until 27 April. A total 

of 14 males had a mean snout-ischium length of 24.6 mm (range 

21 mm to 27 mm). Eleven males had a mean weight of 1.J grams 

(range 1, 0 to 1. 6), The mean distance to nearest calling male 

determined from measurements between 20 males was 361.2 em 

(range 77 em to 941 em). Actual lengths, weights, and distances 
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are shown in Table J.. Males appeared to remain in the same 

general calling area, based upon three recaptures of males 

from the same area, but not from the same perch. Perches 

were even changed within the same evening. A male would be 

flagged at one location and within the hour, captured three to 

five em from that perch. 

The results of the quadrat analysis of vegetation in Sa 

showed an area of few species with low densities. Five species 

of plants characterized the region of standing water. Sedge 

was the dominant plant around the edges with a density of 5.46 

per square meter. Poor man's Pepper (Lepidium virginicum) had 

a density of J.62 per square meter followed by Southern Blue 

·Flag with a density of 0.81 per square meter and Creeping 

Waterprimrose, de·nsity O.J8 per square meter. Waterwort covered 

11.12fo water surface per square meter, It was estimated that 

75% of the total water surface was covered with Waterwort and 

associated filamentous green and blue-green algae. 

Results of quadrat analysis of the adjacent woodlot are 

shown in Table 4. Green Ash had the highest density, 8.0/10m2 , 

followed by Pin Oak, 6.J/10m2, Silver Maple (Acer saccharinum), 

J.?/10m2 , and Red Elm, 1.8/10m2 . Seventy-four percent of trees 

sampled had a breast height diameter of less than two centimeters. 

Other ponds showed the following vegetational characteristics: 

Pond 1 lacked edge or emergent vegetation with the exception 

of one clump of Cattail. The nearest stand of trees (40 meters) 

consisted primarily of Bur Oak, White Oak, and Post Oak. 

Pond 2 was recently constructed in the same location as 

described by Collins (1982b). The pond lacked edge or emergent 
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Mean 

Table J. Snout-ischium length, weight, and distance to nearest 
calling male for Pond 5a and d. 

Snout-ischium length Weight Distance to nearest 
calling male 

25 1.2 385 

27 1.4 310 

24 1.4 160 

23 1.6 105 

27 1.4 293 

26 1.5 77 

26 1.1 120 

22.5 1.4 453 

26 1.3 246 

21 1.0 393 

25 1.1 373 

"26 291 

23 266 

22.5 129 

179 

687 

653 

941 

581 

581 

-24.6 1.3 361,2 
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Table 4. Results of quadrat analysis of woodlot adjacent to 5a. 
(j 

Species Density/10m2 

Green Ash 8. 0 

Pin Oak 6,J 

Silver Maple 

Red Elm 

Riverbank Grape 

Swamp Dogwood 

Trumpet Creeper 

Racoon Grape 

Pecan 

Vine Poison Ivy 

White Ash 

Bitternut Hickory 

Boxelder 

Bur Oak 

American Elm 

J.? 

1.8 

1.2 

0.5 

0,) 

0.) 

0.) 

0.) 

0.) 

0.2 

0.1 

0,1 

0.1 

J4 



vegetation. The nearest stand of trees (45 meters) was 

primarily Pin Oak. No Spring Peepers were reported calling 

from this pond. 

Pond 3 was a large pond with an area of ·flooded marsh 

along the western edge. This wetland was characterized by 

Spike Sedge, Sedge, Creeping Waterprimrose, Arrowhead (Sagittaria 

latifolia), Waterwort, Sloughgrass, Bulrush, Coontail 

(Ceratophyllum demersum), and Water Plantain. An estimated 

90% of total water surface was covered with filamentous algae. 

Buttonbush grew out of the water around the pond's edge. Tree 

species adjacent to the pond included Green Ash, Red Elm, 

American Elm, and Hickory sp. 

Pond 4 lacked edge or emergent vegetation except for a 

few small clumps of Spike Sedge. The nearest stand of trees 

(100 meters) contained Green Ash, Ch,inkapin Oak (Quercus 

muehlenbergii), Bur Oak, American Elm, Sycamore {Plantanus 

occidentalis), and Pin Oak. 

Edge vegetation in 5b was dominated by clumps of sedge, 

Southern Blue Flag, Spike Sedge, and Bulrush. Emergent 

vegetation consisted of American Lotus and Smart Weed. 

Fifteen clumps of Swamp Dogwood grew scattered throughout the 

pond. Seventy-five percent of total water surface was covered 

with filamentous algae. The surrounding woods were dominated 

by Green Ash, Red Elm, Pin Oak, and Bur Oak, and included 
• 

American Elm, Hackberry (Celtis occidentalis), Walnut (Juglans 

nigra), Honey Locust (Gleditsia triacanthos), Redbud, American 

Basswood, and Hickory sp. River Birch (Betula nigra) and 

Willow (Salix sp.) grew around the pond's perimeter. 
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In 5c, the edge where calling peepers were concentrated 

was characterized by clumps of Sedge and Southern Blue Flag. 

Emergent vegetation included American Lotus, Water Smartweed, 

Pickeral weed, Duckweed, and assoc.iated filamentous algae, The 

surrounding woods contained Redbud, Red Elm, Pin Oak, Green 

Ash, American Basswood, Tree-of-Heaven (Ailanthus altissima), 

and Willow sp. along the shore. 

Pond 6, an ephemeral pool, contained Bulrush and Spike 

Sedge around the perimeter. The nearest stand of trees (5 meters) 

included Red Elm, Hackberry, Honey Locust, and Pin Oak. No 

Spring Peepers were reported calling from this pond. 

Pond ?a was filled with Water Plantain. Ninety percent 

of the water surface was covered with filamentous algae. The 

pond lacked edge vegetation. One White Oak, one Pin Oak, and 

three Bur Oaks surrounded the pond, but distance to the nearest 

·stand of trees was greater than 100 meters. 

Pond ?b lacked edge vegetation with American Lotus and 

Creeping Waterprimrose growing around the water perimeter. 

Water surface had a ten percent algae coverage. A stand of 

Post Oak, Kentucky Coffee Tree, Bur Oak, and Red Oak were 

located within five meters of the water's edge. 

Pond 8 was an ephemeral pool of 1,755 square meters. 

Edge vegetation consisted of Spike 

Sedge and Bulrush. The nearest stand of trees (five meters) 

contained Red Elm, Hackberry, Honey Locust and Pin Oak. No 

calling peepers were recorded for this pond. 

Pond 9 was a large pond,(2,457 square meters) of human 

construction, Sparse edge vegetation 

consisted of Spike Sedge and Bulrush. A White Oak and Pin Oak 
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woods were greater than 100 meters from the water's edge. No 

calling peepers were recorded here. 

Results of water componant analysis for ponds 5a and b 

from 18 February to 9 May are shown in Table 5. Both ponds 

were similar in composition with little differences in any 

chemical componant. Dissolved oxygen content and pH remained 

relatively stable for both ponds throughout the spring. Con

ductivity and alkalinity (parts per million bicarbonate) 

remained stable with lower temperatures but showed a slight 

increase in both ponds as water temperatures rose. This was 

especially true of 5a where by 27 April total water surface 

had decreased dramatically. Chlorophyll content was low and 

essentially the same for both ponds. This type of chlorophyll 

analysis measures only chlorophyll content of suspended algae. 

Both ponds were composed primarily of floating mats of 

~ilamentous algae. Turbidity varied in both pond~ with 5a 

being slightly more turbid. Smaller total water area allows 

for more impact from rair.fall and a higher percentage of sus

pended algae in a collected sample. This would account for 

higher turbidity especially in late April and early May. A 

compari~on of water componants in other ponds with 5a and b is 

shown in Table 6. 

Pond 5c had an identical dissolved oxygen content with 5b. 

pH level was similar to both a and b. d had a lower alkalinity 

but a similar conductivity to a. The pond had a slightly higher 

turbidity. It lacked measureable chlorophyll a (green algae) 

but was high in phaeophytin (brown algae) pigments. 5d was 

similar in size to 5a but contained more leaf litter. 
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Table j. Results of water componant' analysis for Ponds 5a and b. 

Date Pond Diss. pH Alkalinity Chlorophyll Turbid. Conduct. Shore Bottom 
o2 ppm HCo3 content/liter temp. t_emp. 

a/phaeophytin oc oc 

2-18 5a 10.1 6.3 32 1. 7/-1.64 61 115 10 9.8 

5b 10.1 6.3 36 -1. 06/3.8 36 99 8 10 

2-25 5a 8.6 6.3 36 ojo 36 120 7-5 6 

5b 9.6 6.4 34 1.6/8.12 36 90 10. 8 

3-15 5a 7.0 5.7 34 1.82/-1.06 84 100 13 12 

5b 10.0 5.8 32 3.0/0 61 99 14 12 

3-24 5a 8.0 7.1 36 ojo 211 120 5 5 

5b 9.2 6.8 43 2.14/0.1 84 140 5.5 6.5 

3-30 5a 6.3 6.5 37 1.92/-1.24 211 125 11 8 

5b 10.0 6.7 43 3.2/-0.96 36 145 11 10 

4-7 5a 10.1 6.6 36 0/0.38 106 89 8 8 

5b 10. 0 6.7 46 0/0.68 36 135 10 1 o. 5 

4-14 5a 8.4 6.3 45 o. 54/1.34 61 120 9 9 

5b 9.0 6.6 54 0,54/-U.16 36 155 10.5 12 

4-23 5a 10.0 6.5 37 0.32/1.32 84 115 13 14.5 

5b 8.8 6.7 44 0.32/-0.18 36 120 16 16 
1,.) 

4-27 5a 8.0 7.1 77 0.32/2.08 168 165 21.5 24.5 co 



Table 5. (Continued) 

Date Pond Diss. pH Alkalinity 
o2 ppm HC03 

4-27 5b 8.0 6.7 53 

5-9 5a - 7.6 79 

5b 8.9 6.7 60 

6-15 5b - 6.0 42 

Chlorophyll Turbid. Conduct. 
content/liter 
a/phaeophytin 

o. 22/1.28 106 139 

0.22/0 273 160 

1.60/1.76 134 140 

1. 06/3.42 211 110 

Shore 
temp. 
oc 

21 

27.5 

19 

28 

Bottom 
temp. 
oc 

23 

25.5 

19 

30 

LU 
'lJ 



Table 6, Results of water componant'analysis for all ponds. 

Date Pond Diss. pH AHalinity Chlorophyll Turbid. Conduct. Shore Bottom 
o2 ppm HCOJ content/liter temp. temp. 

a/phaeophytin oc oc 

4-13 5a 8.4 6.J 45 0.54/1.34 61 120 9 9 
14 

5b 9.0 6.6 54 0.54/-0.16 36 155 10.5 12 

5c 9.0 6.2 36 1. 38/J. 24 168 120 1), 5 

5d 8.2 6.4 38 -0.22/2.46 84 115 8 8.8 

*1a 8.9 4.8 J.5 1. 38/1.46 36 50 16.5 14.5 

~1b 10.2 5.2 5.0 3.2/2.02 106 78 16 11.5 

4-27 5a 8.0 7.1 77 0.)2/2.08 168 165 21.5 24.5 

5b ·a.o 6.7 53 0.22/1.28 106 139 21 23 

7a 8.6 6.3 18 O,J2/L54 84 69 23 22.5 

7b 7·3 6.4 10 0.1/2 .. 22 61 50 24 23 

5-9 5a - 7.6 79 0.22/0 273 160 27.5 25.5 

5b 8.9 6.7 60 1. 6/1.76 134 140 19 19 

2 6.5 6.6 90 1. 06/-0.36 0 259 

6-15 6.0 
12 ppm COJ 

1.06/).42 211 110 28 JO 5b - I.J-2 

3 6.8 7.2 97 1.18/J.98 168 270 33 26 

1c 6.2 5.4 9 1.18/4.74 13l.J· 59 32 28 
.{::-

8 6.6 6.0 60 1.6/-0.86 395 161 34 32 0 



Table 6. (Continued) 

Date Pond Diss. pH Alkalinity Chlorophyll 
02 ppm HCOJ content/liter 

a/phaeophytin 

6-15 6 6.4 5.7 5 0,86/D 

4 6.1 6.9 94 o.42/D.4 

9 6.2 6.7 J4 0/0 

* Ponds were located in Missouri 

Turbid. Conduct. 

J6 50 

61 2JO 

36 105 

Shore 
temp. 
oc 

37 

29 

32 

Bottom 
temp, 
oc 

J6 

29 

-!=..... 



Ponds la and b on the Missouri side had similar dissolved 

oxygen content, lower pH's, alkalinities and conductivities, 

and higher chlorophyll a and phaeophytin levels. ib was the 

most highly turbid and was the smallest pond with a large 

quanity of leaf litter. lb was similar in size to sa. 

Pond lc had a similar dissolved oxygen content and similar 

levels of chlorophyll a and phaeophytin. Turbidity was similar 

but pH, conductivity, and alkalinity were higher. The pond 

was of comparable size to 5b. 

Pond 2 had a similar dissolved oxygen content and chloro

phyll a and phaeophytin level. It had a similar pH but was 

the only pond to contain measurable normal carbonate along 

with bicarbonate. This gave it almost twice as high a con

ductivity reading. The water had a turbidity reading of zero. 

It was of comparable size· to 5b. 

Pond 3 had a similar dissolved oxygen content, chlorophyll 

a and phaeophytin levels, and turbidity. It had a higher pH, 

alkalinity, and conductivity. The pond was larger than either 

a or b. 

Pond 4 had a similar dissolved oxygen content. It had a 

much higher pH, alkalinity, and conductivity. Samples contained 

one-half as much chlorophyll a or phaeophytin per liter. The 

water had a much lower turbidity. It was of similar size to 

5b. 

Pond 6 had a similar dissolved oxygen content. It had a 

much lower pH, conductivity, alkalinity, and turbidity. It 

contained slightly lower levels of chlorophyll a and phaeophytin. 

Ponds ?a and b were similar to one another in all componants 
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analyzed. They had similar dissolved oxygen contents to 5a 

and b. They had slightly lower pH's with considerably lower 

alkalinities and conductivities. Chlorophyll a and phaeo

phytin levels were similar and turbidity was slightly less. 

?a and b were similar in size to 5a and b respectively. 

Pond 8 had a similar dissolved oxygen content. The pH 

was identical to 5b with a slightly high'er alkalinity and 

conductivity. The water had a slightly higher chlorophyll a 

level and lacked measUrable phaeophytin. The water was much 

more turbid and the area was slightly larger than 5a. 

Pond 9 had a similar dissolved oxygen content, a higher 

pH, and slightly lower alkalinity and conductivity readings. 

There were no meastlrable chlorophyll a or phaeopigments and 

the water had a much lower turbidity. This was a large man

made pond larger than both a and b. 

An attempt was made to identify potential predators on 

both adult Spring Peepers and tadpoles. Possible vertebrate 

predators observed at Pond 5a included Green-backed Heron 

(Butorides striatus), one observed_feeding along the ditch 

pond running parallel to 5a; Raccoon (Procyon lotor), many 

tracks were observed in the 5a area; Common Snapping Turtle 

(Chelydra serpentina), one large individual (55 centimeters) 

observed twice near 5d and two small juveniles observed in 5a; 

C-entral Newt ( Notothalmus viridescens), several adults observed 

in 5a and b; Narrow-mouthed Salamander (Arnbystoma texanurn) 

larvae observed in 5a and d. One Great Blue Heron (Ardea 

herodias) was observed feeding in 5c and fish species were 

found in all ponds that contained peepers but two. These will 
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be discussed later. Large Bullfrog tadpoles (Rana catesbeana) 

were found at Pond lc. 

Results of seining revealed the following invertebrates 

as potential predators of tadpoles: Whirligig Beetle (Dineutus 

americanus), Predaceous Diving Beetle larvae (Dytiscidae), 

Giant Water Eug (Lethocerus americanvs), Dragonfly naids 

(Aeschnidae and Libellulidae), Water Strider (Gerris remigis), 

Water Boatman (Sigara alternata), and Backswimmer (NotoDecta 

undulata). Small Crayfish (Crustacea) were found in many of 

the ponds. 

Four ponds did not contain predatory fish, 5d, ?a, 8, 2, 

4-4 

and 6. Of these five, 5d and ?a had chorusing male Spring Peepers. 

Other ponds contained fish species as follows: 

Pond lc: 

Pond J: 

Pond 4: 

Pond 5a: 

Pond 5b: 

Pond 5c: 

Pond ?b: 

Pond 9: 

Channel·Catfish (Ictalurus punctatus) 

Carp (Cyprinus carpio), Bigeye Shiner (Notropis 
boops) . 

Channel Catfish, Crappie (Pomoxis s~.), Small
mouthed Bass (Micropterus dolomieui), Largemouth 
Bass (M. salmoides), Bluegill (Lepomis macrochirus) 
Green Sunfish (1. cyanellus), Darter (Percidae) 

Plains Kellifish (Fundulus kansae) 

Mosquitofish (Gambusia affinis), Bluegill 

Mosqui tofish 

Green Sunfish 

White Grass Carp (Ctenopharyngodon idella), 
Largemouth Bass, Channel Catfish, Bluegill, Green 
Sunfish 

Of these ponds containing fish, chorusing Spring Peepers were 

recorded at lc, J, 4-, 5a, 5b, 5c, and ?b. 



DISCUSSION 

Earliest signs of male Spring Peeper activity consisted 

of scattered calling from under the leaf cover throughout the 

forest area (Delzell, 195S). Two males were heard in Cherokee 

County on 1S February. These males were calling from leaf 

litter in the surrounding woods of Pond 5b. Ambient air 

temperature was S°C. By the next census on 25 February, two 

calling males had moved to 5b's shoreline but peepers were 

not heard at any other ponds. Air temperature was 10°C and 

water temperature, S°C. 

According to Delzell (195S) and Fellers (1979a) an increase 

in temperature associated with rainfall may trigger the first 

choruses of Hyla crucifer and versicolor. From 14 to 19 March 

a temperature increase with a maximum of 24°C was asso-

ciated with 2.51 inches of precipitation (Figure 6 ). One-

half inch of rain fell previously on 12 and lJ March. Chorusing 

Spring Peepers were first recorded in all area 5 ponds on 14 

March. 

The only appreciable rainfall prior to this period occur

red on 4 March when one inch fell with an associated high of 

19°C. Minimum temperature on that day, however, was 2°C and 

temperatures fell again the next day to below 6°C. Minimum 

temperatures were higher during the 14-19 March period averaging 

4. 2°C. 

It is believed that an increase in temperatures and assoc-

iated rainfall triggered the chorusing of Spring Peepers first 
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Figure 6. Daily maximum and minimum temperatures and precipitation 
for March, April, 1984. . 
(Data from National Weather Service, Columbus, KS) 
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censused on 14 March. Males were recorded chorusing on every 

census thereafter until 27 April despite temperatures as low 
0 

as 3 C. Therefore it appeared that once chorusing began, it 

continued throughout the breeding season despite temperature 

fluctuations. Males were heard in Sa or d from 14 March to 27 

April for a total calling period of 44 days. This corresponds 

with Collins' (197S) findings of 44 days and Rosen and Lemon 

(1974) who cited a breeding season of 4S to SO days. 

Length of calling period may in part be controlled by 

the lehgth of time that the appropriate breeding temperature 

occurs. Gerhardt ( 1973) reported that most reproductive 

activity of Hyla crucifer occurred at night when air temperatures 

were below 18°C. This temperature restriction was evident for 

all nights through April 27, but after that, air and water 

temperatures were 23°C and higher. After 27 April no Hvla 

.crucifer were reported calling. 

Not only may temperature put constraints on the length of 

calling period but it has also been shown to affect nightly 

chorusing activity. Collins (1975) reports that within the 

total length of the breeding season, the extent of breeding 

activities on a given night is highly variable and depends 

mainly on local weather conditions. 

Temperature is known to affect the frequency and intensity 

of calling. As temperature decreases, the interval between 

calls increase (Fellers, 1979a). Garton and Brandon (1974) 

found that Green Treefrog (Hyla cinerea) choruses would cease 

when temperatures dropped below a certain level. Although 

peepers have been reported calling at air temperatures as low 
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as o.4°C (Gerhardt,197J), Delzell (1958) found that air temp

eratures below 1)°C severely curtailed chorusing and at 7oc, 

singing generally stopped or became sporadic with extended 

periods of silence. Temperatures throughout this study were 

well under Delzell's minimum range. This may have accounted 

for the sporadic nature of the calling of Sa peepers. 

Duration of chorus may also be time dependant. Table 

2 shows time when chorusing ceased or became sporadic. In 

5a peepers began calling at dusk, approximately 18)0, and 

called continuously until approximately 2030. Chorusing then 

came in waves of variable duration with increasingly longer 

periods of silence in between as the evening progressed. By 

approximately 2200 at every census, chorusing had become 

highly sporadic or had ceased all together. 

Temperature, ~specially water temperature, may also 

affect the number of males calling on a given night. Brown 

and Brown (1975) concluded that water temperature most closely 

approaches the true frog body temperature. Most of the frogs 

in this study called with parts of their bodies in contact 

with water. Delzell (1958) reported a variable number of 

calling males on different nights throughout the breeding 

season. 5a males were observed to sit at the calling station 

silent when water temperature dropped. At the low temperatures 

experienced during this breeding period many males could have 

failed to call. Figure 7 shows a comparison between water 

temperatures and number of calling males. In most instances, 

an increased water temperature correlates with an increase in 



Figure 7. Relationship between number of calling males and 
water temperature. 
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number of calling males. After 13 April, temperatures rose 

above 18°C and males ceased calling. 

Chorusing males in this pond were associated with dense 

mats of dead sedges, calling at first from underneath and as 

it became darker, moving more out into the open. Rosen and 

Lemon (1974) reported a similar association with dead mats of 

grass. During the daytime males were occassionally heard 

calling from back in the denser stands of sedges along the 

shore. It was assumed that some males remained near the 

breeding pond for several weeks or some even the entire chorusing 

period. Delzell (1958) reported similar activity of males in 

his study ponds. 

Terri tori ali ty has been reported for male Spring Pee·pers 

by-Delzell (1958), Fellers (1979a), and Collins (1975). Ter

ritories are believed to be defended mainly by voice but 

·fighting can also occur (Fellers, 1979a). Toe-clipped males 

were recaptured on successive nights in the same general area 

but not at the exact same location. This suppor-ts the findings 

of Delzell (1958), and Fellers (1979a) who state that a 

territory is defended, but different calling perches are used 

within. In this study, males were observed to change calling 

perches within the same evening. At no time in this study 

were encounters between two males observed. Densities were 

low for this population and available calling space was gre-at 

to allow for largg distances between calling males, so competition 

for territory may have been reduced. 

Males were spread throughout the available sedge area in 

what appeared to be a grouping pattern of two to three males. 
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Three of these groups were spread throughout the central region 

of the sedges with two to three males calling singly at the 

peripheries. Groups of males were dueting and trioing. The 

larger males (2S-27 mm snout-ischium length) grouped in the 

central sedges while the smaller males (21-22.S mm snout-ischium 

length) called singly from the peripheral clumps. The vegeta-

tion was heaviest in the center providing dense cover. Towards 

either end of the pond, vegetation became sparse and cover was 

poor. Gatz (1981) showed that larger males occupied areas 

where the highest number of matings occurred and were presumed 
,· 

to be choice sites while smaller males mated less and occupied 

less desirable sites. 

A mean distance of 361.2 centimeters Was recorded between 

calling males with a range of 77 to 941 centimeters. Fellers 

( 1979a) reported ·distances of greater than 100 centimeters 

'between calling males with densities of one to nine males. 

Distances decreased as densities increased. His mean distance 

of 113.38 centimeters was considerably lower than the mean 

distance for this population. Fellers' data was recorded from 

a pond where males were only able to utilize the shoreline for 

calling territories. Sa was a wetland with a large percentage 

of the vegetated area being only a few centimeters under water. 

Thus, in Sa frogs could spread out and utilize the larger 

available habitat perhaps accounting for the great distances 

between calling males. 

A comparison between Collins' 1982 survey and the present 

survey is shown in Figure 8. The population has declined in 

the 5 area, increased some in Pond J, and remained stable or 

54 



Figure 8. Maximum number of calling males in 1982 and 1984 
at each pond. 
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totally absent in the other ponds, Collins (1982b) estimated 

over 100 calling males in the three ponds combined at site 5. 

He collected 15 specimens including one female from 5a. The 

population must have been considerably larger in that year 

since this study had a maximum of 12 individuals calling on 

any census after 15 March in 5a. 

There are several possibilities for the decline of the 5 

populations. First, spring of 1984 was characterized by below 

normal temperatures. As stated previously, low .temperatures 

may reduce the number of males calling at the pond on a given 

night. Due to this, more males could have actually been present 

than were censused by voice count. This could also account 

for the higher number· of males at the beginning of the study 

than on any other census. However, males counted on 15 March 

were not individually flagged. Calling intensity was high due 

to warm temperatures and an overestimation of numbe~could 

possibly have been made. 

Secondly, Hyla crucifer is known to overwinter under leaf 

litter in forested areas (Delzell, 19 58). Under normal ·.-;inter 

conditions, snow blankets the ground forming an insulative 

layer and freezing temperatures do not penetrate to the torpid 

frogs. The winter of 1983-1984 was mro·ked by record low temp

eratures with -23°C conditions for five straight days in December 

1983. Frozen ice remained on the ground during this time and 

in February 1984, all parts of Kansas experienced an ice storm 

leaving a th~ck layer of ice on the ground for four days. Torpid 

peepers may have experienced freezing temperatures leading to 

mortality of the overwintering population. Evidence of the 
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possibility of freezing tmeperatures penetrating the subsurface 

soil was observed by the author with a Texas Horned Lizard 

(Phrynosoma cornutum) captured this spring. Its tail and 

part of its hind limbs were missing apparently due to frostbite. 

To understand the distribution of these frogs in Cherokee 

County, one must look at their life history. Delzell (1958) 

did an extensive study on the movements of Spring Peepers in 

Michigan. He found that adults aroused in the spring and 

moved towards breeding ponds. Since peeper populations are 

confined to areas of cover, a peeper must traverse hundreds of 

meters or more in some instances to reach a breeding site. 

Once males reached the breeding pond, they established a 

territory and began calling. Females entered the pond during 

this period, chose a mate, laid eggs and returned to the woods. 

Males would remain at the breeding pond from several weeks to 

the entire chorusing period. After the breeding season, adults 

returned to the forest to previously established home ranges. 

They remained there throughout the summer. Fall weather again 

triggered a movement in the adults with them wandering about 

the forest in a similar pattern to pre-breeding behavior. 

With the onset of cold weather, a wintering place underneath 

leaf litter was established where peepers remained until the 

following spring. 

Upon metamorphosis, the movement of young peepers consisted 

of a rapid progression away from the larval aquatic area into 

a region of higher vegetation. This was thought to be a 

response to lower light intensities and effects of dessication. 

Subadults did not set up horne ranges but wandered extensively 
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for the first two years. They did not engage in breeding 

activity in the spring following their metamorphosis. Sexual 

maturity was reached at a snout-ischium length of 18 to 20 mm. 

This does not normally occur until the second year. A few 

males may reach maturity the first spring and this accounts 

for small males found at breeding ponds. These males may not 

successfully breed though (Gatz, 1981). No such males were 

located in sa. 

Due to the movement of both adult and juvenile peepers 

a mixing of the gene pool occurs. Delzell (1958) felt that 

this might explain the wide geographic range of Spring Peepers 

and the presence of only two subspecies. Males seldom return 

to the same pond for two seasons and probably not to the pond 

of their hatching. Delzell (1958) had one male in three years 

of study return to the same pond twice. Collins (1975) had 

·similar results and felt that most adults did not survive the 

third year to a second breeding. Different sites are being 

colonized each year by new groups of two year old males. This 

is an important factor in the geographic distribution of the 

Spring Peeper and may likely account for the scattered popula

tions in Cherokee County. 

Males were heard during this study calling approximately 

one-fourth mile into Missouri. Two breeding ponds were located 

just on the Missouri side of the line and two colonizing males 

inhabited a pond across the road into Kansas. This indicated 

that wandering peepers may be immigrating from Missouri in a 

steady westward progression until they reach the edge of the 

Ozarkian plain and run out of suitable habitat. 
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Although the Spring Peeper is known to breed at a higher 

density than other Hylids (Gerhardt, 1973), Delzell (1958) 

and Fellers (1979a) found that in smaller pools and wetlands 

density varied from 30-35 individuals. Most of the Cherokee 

County sites are small pools. In larger ponds, the available 

habitat for breeding males is restricted. This may explain 

in part the number of scattered small choruses of males rather 

than a few areas of high density. 

The findings of this study show that Spring Peepers are 

breeding in Cherokee County, or at least have bred successfully 

in prior years. Offspring from males recorded by Collins in 

1982 were calling at'sites censused during this study. As to 

whether males bred this year is unknown. DuB to the small 

size of the population, the relative infrequency of visits to 

the area, and the :impossibility of locating frogs in the dense 

·sedge cover unless they were calling, the opportunity for 

finding females was slim. A more open pond situation with a 

definate shore would have made the location of females easier. 

Spring Peepers lay their eggs singly on the under side of 

vegetation (Delzell, 1958; Oplinger, 1966; Collins, 1975; 

Collins, 1982a) and the eggs are virtually impossible to 

locate without destroying habitat unless discovered while 

being laid (Delzell, 1958; Collins, 1975). An attempt was 

made to find eggs by looking through the dead sedges but 

none ,were located. 

Several attempts were made to identify peeper tadpoles. 

Size could not be used as a determinant because Southern 

Leop~d Frogs (Rana utricularia) had used the area prior to 
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and during the first part of the peeper breeding season and 

tadpoles of various stages of development .were present. Tad

poles were caged both at the study area and in the laboratory 

to measure growth rate and to look for possible Hyla crucifer. 

Several tadpoles were sacrificed and mouth structure looked 

at, but all tadpoles were Rana utricularia. Once the spring 

rains ceased, the area dried rapidly. No newly metamorphosed 

froglets were observed. Since the subadults leave the aquatic 

area rapidly and move towards higher vegetation, and since 

observations were not made on a daily basis, it would have 

been easy to miss newly transformed frogs. 

Although there is no data to confirm, it is my feeling 

that most Hyla crucifer bred in 5a during the 14 to 19 March 

period when temperatures were optimal. This is likely as 

females and males arrive at the breeding ponds at the same 

time (Delzell, 1958). According to Collins (1982a), eggs 

hatch in four to five days and tadpoles metamorphose in 90 to 

100 days. By 1J June, 5a was completely dry. In order for 

Spring Peepers to have successfullymetamorphosed they would 

have had to have hatched by the third week in March. Temperature 

can affect growth rate in larval amphibians (~Jilbur and Collins, 

197J) and the increase in temperattrre beginning on 27 April 

could have speede~ the time to metamorphosis and allowed some 

tadpoles hatched later to successfully metamorphose. Since 

no peeper tadpoles or newly transformed froglets were ever 

discovered, this is all merely speculation. Only the presence 

of calling males in 5a in 1986 will prove that· peepers bred 

successfully this year. 



While making weekly observations on Spring Peepers, I 

was able to outline the structure of the other amphibian 

breeding community. Figure 9 shows the dates and temperatures 

when other species of frogs began chorusing. 

Southern Leopard Frogs (Rana utricularia) were calling 

on the first census, 18 February. They called in all ponds 

later containing peepers, from roadside ditches, from pools 

adjacent to the woodlots, and from the flooded understory in 

the woods themselves. R· utricularia was most widespread and 

had the highest density of any species of frog calling in the 

area. 

Calling at the same time as R. utricularia were Western 

Chorus Frogs (Pseudacris triseriata). Chorus frogs are 

reported to breed in the same habitat as Hyla crucifer by 

Gerhardt (1973) and Collins (1975). Gerhardt (1973) found 

that Pseudacris preferred more open areas than B· crucifer, 

but that no interbreeding occurred where they called together. 

E· triseriata called from the same ponds as peepers except 

in Sa and d. These two ponds were composed of dense sedges 

found throughout all but the deepest areas of water. All other 

ponds were not as densely vegetated or had some open regions 

where Chorus frogs tended to congregate. In addition, more 

P. triseriata called from open ditch ponds than those ponds 

occupied by B· crucifer and no peepers were ever heard calling 

from these ponds. 

Although both R· utricularia and f. triseriata called 

during the breeding season of B· crucifer, the peak densities 

of Leopard frogs occurred from 18 February to 14 March. When 
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Figure 9. Dates and temperatures when frog species began 
chorusing in Cherokee County. 
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peepers appeared on 14 March, E· utricularia were no longer 

calling from Sa and densities of these frogs calling in the 

S area was lower than previous surveys. Chorus frogs on the 

other hand, were first recorded calling on 18 February, but 

peak densities occurred during the 14 to 19 March period when 

Hyla crucifer first began chorusing. Collins (197S) found 

that li' crucifer, E· triseriata, and ,R. pipiens all began 

calling at about the same time in Michigan. In this study, 

Leopm·d frogs and Chorus frogs appeared almost a month prior 

to Spring Peepers. Rainfall may not be as critical to the 

arousal of these two species, explaining their earlier appear

ance. By 24 March few .R .• utricularia and E· triseriata were 

calling and the breeding season seemed finished. A few males 

of both species continued to call through 27 April. 

The American Toad (Bufo americanus) was first heard 

calling on 1S March. They were not heard again until 6 April. 

After this date, toads were heard on each census until 10 May. 

Water temperatures were 10°C or above for each of these 

censuses but one indicating that American toads require higher 

temperatures for chorusing. 

Blanchard's Cricket Frogs (Acris crepitans) and Gray Tree

frogs (Hyla versicolor) were first heard calling on 26 April. 

H. crucifer were no longer calling in Sa and only a few males 

were calling from the other ponds. Both Cricket frogs and 

Gray Treefrogs were calling in areas occupied by peepers, but 

they could only be successful in b and c since a and d were 

almost dry by 23 May. 

Bullfrogs (Rana catesbeana) and Narrow-mouthed Frogs 



(Gastrophryne olivacea) were the last frogs to breed in the 

area. _R. catesbeiana were first heard calling on 23 May with 

air temperatures above 23°C. ~. olivacea were first heard on 

13 June at several·different locations including 5b and c. Air 

temperatures were above 25°C. 

Two other amphibians were found associated with the 5 area. 

Adult Central Newts (Notothalmus viridescens) were found in 

5b and 5a. Collins (1982b) discovered their existence in 5b 

but this study first reported them in 5a. Salamander larvae 

were observed in 5a and d, but none were conclusively identified 

as newts. Two larvae, one from 5a and one from 5d, were kept 

in captivity until metamorphosis and were identified as Narrow

mouthed Salamanders (Ambystoma texanum). 

The second part of this study dealt with habitat analysis 

and water .composition of each pond described by Collins (1982b). 

~11 additional ponds containing Spring Peepers were included. 

When looking.at the results of these analyses for each of 

the ponds, five factors appeared important in affecting the 

success of breeding Spring Peepers. First, was the presence 

of pond edge vegetation including shoreline and emergent vege

tation growing around a shallow water perimeter. This vegetation 

was important to both adults and larvae. 

Spring Peepers preferred calling from ponds where emergent 

vegetation occurred (Delzell, 1958; Collins, 1975; Conant, 1975; 

Fellers, 1979a; and Collins, 1982b). Males were often associated 

with dense stands of sedges (Delzell, 1958) or mats of dead 

grass (Fellers, 1979a). Males called at.dusk from under this 

vegetation and then moved out into the open as it grew darker, 
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During the daytime males moved back from the pond periphery 

into the densest stands of sedges. This vegetation seemed to 

offer concealment and protection from predators for males 

during the breeding season. 

Amphibian mortality is highest during the larval and 

metamorphic stages of their life history (Calef, 1973 and 

Heyer, 1976). Frog larvae with small body size such as Hyla 

crucifer were able to minimize encounters with predators due 

their ability to exploit more hiding areas in the habitat 

(Collins, 1975). Areas with dense vegetation in shallow water 

created ample hiding places for tadpoles and were relatively 

inaccessible to large predatory fish. 

Secondly, the presence of stands of trees around or near

by the pond was important. Adult peepers set up home ranges 

in the understory of forests in summer and fall and utilized 

leaf litter under which to overwinter. Cover of debris on the 

ground surface or living vegetation controlled moisture loss 

as well as provided shelter and protection from predation. 

Wind movements were hindered under cover and surface evaporation 

reduced during summer. A dense leaf litter from under which 

a hibernaculum could be established was necessary in order for 

survival during the winter (Delzell, 1958). 

Upon metamorphosis, young peepers rapidly progressed 

away fr:om the larval aquatic area into a region of higher veg

etation. In areas surrounded by forest, the movement occurred 

from all parts of the pond and no piling up of subadults was 

observed. In regions with no nearby taller vegetation, move

ment was disoriented and piling up of juveniles occurred 
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(Delzell, 1958), This would make them more suseptible to 

predators by making their exposure time while moving to higher 

vegetation and understory cover longer. The same is true of 

adults who will traverse great distances to reach breeding ponds 

(Delzell, 1958) but increase their chances of predation by 

long treks through open areas. Ponds with trees nearby.would 

greatly enhance the chances of survival of adults and newly 

metamorphosed young during their movements to and from breeding 

ponds. 

The species of trees did not appear important since Spring 

Peepers breed in deciduous forests from northern Michigan to 

Florida (Conant, 1975). The Oak species found at all breeding 

ponds in Cherokee County did, however, form a thick litter of 

dead leaves and could enhance overwinter survival. 

Collins (1982b) felt that the presence of predatory fish 

was an important limiting factor in the success of eggs and 
.. 
tadpoles. Studies have shown that Hylid adults, eggs, and tad-

poles are preferred food for several species of fish (Voris and 

Bacon, 1969; Licht, 1969). Several invertebrates are also known 

predators on amphibian larvae (Heyer, 1976) and eggs (Licht, 1969). 

Predators such as leeches (Brockelman, 1969), predaceous diving 

beetle larvae (Young, 1967 and Brodie, et al., 1978), giant 

water bugs (Brodie, et al., 1978), and dragonfly naids were 

especially important in small pond communities devoid of fish 

(Formanowicz and Brodie, 1982). Collins (1975) and Licht (1969) 

·found salamander larvae to prey on Hyla crucifer tadpoles. 

No ponds were predator free and most contained predatory 

fish. As stated previously though, heavy edge vegetation 
increased hiding places and the shallow water regions preferred 
by smaller sized peeper tadp~les may make the presence of 



predators less of an influencing factor on success. 

A fourth factor which did not appear critical in this 

study but was found important in other studies (Collins, 1975) 

was the duration of standing water in ephemeral pools. Collins 

(1975) and Conant (1975) stated that~· crucifer may prefer 

ephemeral pools but Delzell (1958) and Fellers (1979a) have 

also found them breeding in permanant pools. In this study 

three of the ponds containing peepers were ephemeral while 

the rest were shailow permanant ponds. These ephemeral pools 

allowed time for metamorphosis. Pools which dry too soon 

will not be successful. 

A pond must provide a food source for growing tadpoles. 

Anuran larvae can ingest epiphytic algae, (Dickman, 1968), 

epibenthic algae (Calef, 197J), and algae in their own fecal 

pellets (Steinwascher, 1978), Tadpoles can also remove par~icles 

including phytoplankton from suspension by gill filters and 

a mucous entrapment mechanism (de Jongh, 1968; Gradwell, 1972; 

and Wassersug, 1972). Seale and Beckvar (198~ found that 

tadpoles are relatively indescriminate suspension feeders 

eating both green and blue-green algae. Results of the water 

analysis showed that suspended algae particles were low in 

all ponds, but mats of filamentous algae were found in all 

ponds containing calling Spring Peepers and unidentified 

tadpoles. These tadpoles were observed grazing on such mats 

and it was assumed to be the major food source, Those ponds 

appearing most successful contained seventy-five percent or 

greater algae coverage of total water surface by mid May. 

Water composition did not appear to be an"important 

factor in determining the presence or absence of peepers. 



The only factors which varied from pond to pond were pH, 

alkalinity, and conductivity. Ponds with higher pH's, alkalin

ities, and conductivities than 5a orb were found to contain 

tadpoles and they appeared to be unaffected by these differences. 

Based upon the factors determined to be important in the 

establishment of breeding colonies the following ponds will 

be discussed, 

Pond 1: This pond is considered to be suboptimal habitat 

primarily due to its lack of pond edge vegetation and filamentous 

algae and presence of large predatory fish. Within five meters 

lying on the Missouri side of the line, were two ponds, one of 

which was an optimal breeding pond. It is believed that males 

unable to establish territories in this p"ond were colonizing 

the other two. Only two males were ever reported from pond 1. 

Pond 2: This is a newly excavated pond in the same area 

as the pond described by Collins (1982b). At the time of this 

study it was considered suboptimal habitat.due to lack of edge 

vegetation and filamentous algae. It did, however, lack preda

tory fish and was within 100 meters of a woodlot. If edge 

vegetation becomes prevalent peepers might colonize this pond. 

Pond 3: This site was considered to be optimal habitat 

for breeding peepers. It contained dense edge vegetation in 

a flooded region running along one side of the pond, and was 

bordered on the opposite side by woods. Mats of filamentous 

algae covered ninety percent of the pond's surface. Deeper 

portions of the pond contained predatory fish but they did not 

appear to reach the shallows where peepers were calling. A 

maximum of fifteen males were heard calling from this pond. 



Pond 4: Pond 4 is considered suboptimal habitat due to 

the lack of edge vegetation, filamentous algae, and presence 

of predatory fish. Peepers called from a flooded area adjacent 

to the pond. This area dried early and any tadpoles present 

would have to move to the deeper water where they would be 

subject to predation. A maximum of seven calling males was 

recorded. 

Pond 5: All 5 ponds are considered optimal habitat 

except for 5e. All contain dense edge vegetation, good water 

surface algae coverage, and are surrounded by trees. All but 

5d had predatory fish, but contained sufficient submerged veg

"etation and shallow water to afford protection. 5e was only 

occupied for one week by two males late in the season and 

lacked vegetati ·re cover to be a successful pond. 

Pond 6: This was a·small ephemeral oxbow of the Spring 

"River. It had fairly dense edge vegetation and filamentous 

algae mats and was within five meters of trees. It contained 

no predatory fish. The pond, however, contained only one 

calling male in 1982 and no peepers in 1984. It does not 

appear to be used by peepers at this time. 

Pond 7: Ponds ?a and bare possible breeding sites but 

not optimal. Both ponds have sparse edge vegetation but are 

located in close proximity to woods. ?a had a ninety percent 

algae ·coverage but ?b had only ten percent coverage. ?a lacks 

fish but ?b contains Green Sunfish. Peepers were heard here 

in both 1982 and 1984 so a small population may be establishing 

here. Their success, however, is questionable. 

Pond 8: This pond was located in an open field. The 

nearest stand of trees was more than 100 meters away. The 
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pond lacked predatory fish but also lacked dense vegetation or 

filamentous algae. The combination of sparse vegetation and 

great distance to woodland make this pond suboptimal breeding 

habitat. No peepers w·ere ever heard here. 

Pond 9: This pond is considered to be suboptimal due to 

its lack of edge vegetation and filamentous algae, greater 

than 100 meters distance to nearest trees, and presence of 

several species of predatory fish. No peepers were ever recorded 

calling here. 

Pond 10: This pond was located on private property and 

no peepers were ever heard calling from it. It was located 

in a pasture and was more than 100 meters from woods. It 

probably contained predatory fish and was considered suboptimal 

habitat. 
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SUMMARY AND RECOMMENDATlONS 

Results of this study found thirteen ponds with chorusing 

Spring Peepers at five different locations during the 1984 

calling period, Two of these locations were thought to con

tain optimal breeding habitat and a sufficient population of 

males to be successful. The other three locations contained 

colonizing males whose breeding success and tadpole survivor

ship were uncertain. 

The cause of the scattered nature of the Cherokee County 

population was thought to be a result of their extensive 

wandering while subadults. Also, the many small ponds located 

in close proximity to woods in Cherokee County allowed for a 

great many sites to choose from. Why a particular pond is 

c~osen by a particular male is still uncertain, but results of 

habitat analysis have shown that those ponds with groups of 

calling males have five characteristics which appear to be 

important to their success. 

A pond must contain sufficient edge vegetation to protect 

both adults and larvae from heavy predation pressure. The 

pond should be close to woods where adults and subadults spend 

their time in the understory at seasons other than the breeding 

period. These trees must be deciduous since peepers over

winter under leaf litter. Short distances from breeding ponds 

to trees cut down on exposure of adults and subaduits to 

predators while crossing open area. They also eliminate a 

piling up of newly metamorphosed juveniles at the breeding 

pond which could also increase predation. Ponds should contain 
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areas which are inaccessible to lru·ge predatory fish to increase 

survivorship of tadpoles. Ephemeral pools must contain water 

long enough to allow time for tadpoles to successfully reach 

metamorphosis. A pond must provide a filamentous algae coverage 

in order to support several different species of tadpoles. 

It is thought that Spring Peepers have spread into Kansas 

from bordering populations in adjacent Jasper County, Missouri. 

Two small pools were discovered containing calling males just 

over the Missouri line and males were heard approximately 

one-fourth mile east into Missouri. Tom Johnson (per. com.) 

Missouri State Herpetologist has reported the species to be 

common in Barry County (one county east) and further east and 

southeast, large breeding aggregations occur. The extensive 

wanderings of subadults could carry them into Cherokee County. 

Why the Spring Peeper is restricted to Cherokee County 

is still uncertain. The ecological conditions in Cherokee 

County best resemble the Ozarkian regions of Missouri where 

the population is thought to be spreading from. Large pop

ulations-of peepers do not exist on,the Kansas-Missouri 

border. The spread northward of peepers in Kansas does not 

appear to be occurring. The population has not yet used 

the available habitat in Cherokee County to facilitate further 

spreading, 

It is the findings of this study that the populations in 

Cherokee County, while being established at two locations, 

still occurs in extremely low densities. It is impossible 

to make predictions about future success. All 'landowners were 

contacted and most were cooperative. No changes are planned 

74 



for area 3 in the near future and ponds 5a and d will be left 

undisturbed. Pond 5c will be used in the future for irrigation 

from June to August. This, however, will not completely dry 

the pond and enough water should r·emain that with spring rains, 

the area should still support the peeper population. Lowering 

of the lake's water level may remove predatory fish and enhance 

the survivorship of tadpoles. The owner of 5b was looking for 

a buyer for his entire farm including this pond and wooded 

tract and may have changed hands by now. 

Since the density in Cherokee County is low, it is recom

mended that the Spring Peeper be at least considered threatened 

and if possible put on the endangered species list and protected 

by state law. A two part plan should be instituted in order 

to help maintain this population. First, the Kansas Fish 

and Game Commission should further keep in contact with land

owners, especially Mr. Ross, Mr. Clark, and Mr. Youngman, in 

order to maintain good relations and continually be aware of 

any proposed alterations to habitat. If any landowner is 

interested in selling a small tract of pond and associated 

woodland or leasing such an area, Kansas Fish and Game could 

negotiate to obtain such property. 

Second, surveys should be made, preferably yearly but 

at least every two years, to determine the status of the pop

ulation. Peepers have a loud call which can be heard up to 

one-fourth of a mile away, so by driving roads, a researcher 

could survey a large number of ponds with a good chance of 

locating calling males. These surveys should be made in mid

March when breeding activities commence. This will allow for 
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The addition of Hyla crucifer to the Kansas fauna is an 

interesting and important occurrence. It allows researchers 

to study a species on the edge of its range. Its status in 

the state is uncertain but a small population appears to have 

made a foothold and if destruction of established breeding sites 

does not occur, it is believed that the Spring Peeper can 

maintain and possibly increase its numbers in Kansas. 
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APPENDIX 1 

Property owners in Cherokee County 

Ponds 1a and b: Mr. Robert Burrows, Route 5, Box 452, Joplin, 

MO 64801 

Pond 1c: Mr. C. K. Brown, Box 400, Route 2, Galena, KS 66739 

Pond 2: Mr. G. H. Wilkins, Sr., Route 1, Galena, KS 66739 

Pond 3: Mr. H. D. Youngman, 1406 Fairview, Baxter Springs, KS 

66713 

Pond 4: Mrs. Ruby Carver, Route 2, Box 146, Galena, KS 66739 

Ponds Sa, c, d, and e: Mr. Sam Ross, Route 1, Box 192, Galena, 

KS 66739 
. 

Pond 5b: Mr. Norman D. Clark, Route 1, Galena, KS 66739 

Pond 6: Unknown 

Ponds ?a and b: Mr. Ralph Culver, 44 Oak Crest Circle, Baxter 

Springs, KS 66713 

Pond 8: Mr. Norman Meyers, Route 2, Box 462, Galena, KS 66739 

Pond 9: Mr. James Dowty, Route 2, Box 315, Galena, KS 66739 

Pond 10: Unknown 
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APPENDIX 2 

Alkalinity 

Materials 
N/50 sulfuric acid 
Phenolphthalein indicator solution 
Methyl orange indicator solution (or 
Graduate cylinder, 100 ml 

Buret, 25 ml 
Stirring rod or motor 

bromcresol green-methyl red solution) 

Flask, 250 ml (or white porcelain evaporating dish) 

Procedure 
l. Deliver 100 ml of the water sample into a 250 ml flask or porcelain 

dish. 

2. If a pH meter is available, measure and record the pH of the sample. 
If the pH is greater than 8.3, add N/50 sulfuric acid, drop by drop, 
until the pH of the sample is adjusted to 8.3. The sample must be 
gently stirred as the acid is added to insure mixing. If a pH meter 
is not available add 3-4 drops of the phenolphthalein indicator 
solution and if a pink color appears (as will be the case if the pH 
of the ~<ater is greater 8.3) titrate with N/50 sulfuric acid until 
the color disappears. Record the milliliters of acid used. This 
volume times 10 is equal to ppm phenolphthalein alkalinity. If 
the pH of the sample is 8.3 or less, or no color developed when the 
indicator solution was added, phenolphthalein alkalinity is zero; 
continue with step #3. 

3. If a pH meter is being used, the 100 ml sample used in step #2 is now 
titrated to a pH of 4.3; otherwise add 3-4 drops of methyl orange 
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indicator solution and if an orange color develops titrate with N/50 ( 
sulfuric acid until a faint pink color develops. Record the milliliters 
of acid used. The volume of acid used to adjust the pH of the sample 
from 8,3 to 4.3 tilljes 10 equals the ppm of methyl orange alkalinity. 

4. Total alkalinity in ppm is the total volume of acid used in steps i/2 
and #3 times 10. 

Calculation of Alkalinity Relationships: 
It is often desirable to know whether alkalinity is due primarily to the 

presence of hydroxides (OH), normal carbona~es (co3), or bicarbonates (HC03). 
Data from the following table are then used·. T = total ml acid used. 
P = ml of acid used in titration with phenolphthalein. 

ppm Ca co, 
Result OH co, Hco1 

p = 0 0 0 TxlO 

p < !;T 0 2P X 10 (T-2P) X 10 

p = !;T 0 2P X 10 0 

p > !;T (2P-T)xl0 2 (T- P) X lQ 0 

p = T TxlO 0 0 
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APPENDIX 3 

Chlorophyll Method 

The following method is based on the SCOR/UNESCO procedure which 
was adapted from the Richards and Thompson Procedure (J. Mar. Res., 
11:156, 1956~ 

Collection and Concentration of Sarnple 

The total amount of water to be collected will depend upon the 
quality of the water and phytoplankton densities present. (collect at 
least one liter) It is best to store the water on ice after collection 
until the water can be filtered. To lessen pigment decomposition add 
about 0.1 g Mgco

3 
to the sample and shake. 

Although the sample can be centrifuged, better retention of 
phytoplankters is accomplished with filtration. Either 4.2 ern 
millipore filters (HA) or Whatrnan glass filters (GF/C), having a 
pore size of approximately 0.45-0.65~, can be used. After filtration, 
the filters and residue extracted in 90% acetone for 18-20 hours 
(dark and refrigerated), and absorbances at specific wavelengths are 
read. After correction for degradation products, the concentration of 
chlorophyll per volume can be calculated. 

Procedure 

1. Filter a known volume of sample through a 4.25 em Whatrnan GF/C 
glass filter. Although only 100-200 ml of highly turbid water 
can be filtered through a single filter, a sufficient volume can 
be processed if the original water sample is concentrated before 
filtration (i.e. strain large volume of water through a plankton 
net and transfer this concentrated sample to a storage bottle). 
If the sample has been concentrated be sure to record the 
original volume of water sampled. 

2. Transfer the damp filter to a large centrifuge tube and add 
5-10 rnl of 90% acetone. The volume of acetone used will have 
to be determined by experience for any given aquatic system. 

3. Cap the filter and acetone preparation and store under 
refrigeration for 18-20 hours, shake or stir to assist the 
extraction process. (Note if a homogenizer is available the 
filter can be ground b~fore extraction. In this instance 
extraction need be only 10 min. in dark at room temperature) 

~· Centrifuge extracts for 5-10 minutes, then decant to cuvette. 
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5. Read absorbances of 
10 em-path-length. 
multiply results by 

10 ml o::f extrabt at 750 and 665 rn.L\ in a 
If .2.5 em or 1.0 em path cells are used 
4 and 10, respectively. 

6. Add two drops of dilute HCl .to each cuvette; mix, and remeasure 
absorbances at 750 and 665 .-inA • 

7. Subtract each 750 m.~ reading frOm the 665 reading and calculate 
concentrations by the following equations 

f{g/liter clllorophyll a = 26.7 (6650 - 66\) X v 

Vxl 

J.l g/liter phaeo-pigments = 26.7 (1. 7 [665J 6650) X 

Vxl 

where 6650 is absorbance before acidification, 665A is absorbance 
after.aciaification, vis volume of 90% acetone (in ml) used for 
extraction, V the original volume (in litera) of water filtered, 
a 1 is the light path length of the cuvette (em). 
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