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Abstract

Four vernal ponds in the Ottawa National Forest serve as the experimental regiments while three ponds on
University of Notre Dame Environmental Research Center (UNDERC) property serve as a control
regiment. Each pend was sampled during three separate sampling periods throughout the summer: May 30
— June 2, 2002, June 25 — 26, 2002, and July 15 - 16, 2002. Significant correlation and ties between air
temperature and tarval amphibian density, maximum vernal pond depth and larval amphibian density,
conductivity and larval amphibian density, and larval amphibian density and species richness have been
illustrated through this year’s data, Consequently, as air temperature increases density decreases, as
maximum pond depth increases density increases, as conductivity increases density decreases, and as
density increases species richness increases. Such correlating and significant environmental factors that did
not appear to be relevant in last year’s study may now provide a series of benchmarks to which change can
be compared.

Introduction ]

Amphibian populations play a vital role in both aquatic and terrestrial
environments due to their diversity and abundance, however, they are declining at
alarming rates worldwide (7). Concern is building as to why amphibians are dying off
and what this may mean to human populations (6, 9, 12). Since they reside in two
separate environments, have highly permeable unprotected skin, and eggs that lack hard
outer shells and an amniotic sack, amphibians have become valuable indicators of early
stage environmental change (1, 2). With such physical attrﬂau;es, amphibians are highly
sensitive to minor changes in climate, ultraviolet radiation (UV-B), predation, pollutants

and toxins, diseases, and environmental modifications (1, 2, 4, 9, 10, 12).

The Ottawa National Forest, located in northern Wisconsin and Michigan’s Upper
Peninsula, is planning on clear cutting and selectively thinning sections of forest. In
accordance with the National Forest Management Act of 1976, however, national forests
are required to maintain viable numbers of all vertebrate species within their land (11).

The effects of clear cutting upon vertebrate populations in the Ottawa National Forest
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Effects upon aquatic environments aside, clear cutting and thinning will create
pronounced changes in the vegetation surrounding the vernal ponds. While nearly all
amphibians are born and develop in aquatic environments and return to breed, a
significant portion migrate to the surrounding terrestrial environments during their non-
breeding season (9, 11). Less surrounding hardwood and shrub vegetation may lead to a
decrease in habitat diversity, cover, and organic matter and an increase in predation. In
addition a decrease in vertebrate populations, which may have symbiotic relationships

with the amphibian populations, would also be expected.

It is unknown as of yet what the actual results of clear cutting and thinning around
vernal lakes in the Ottawa National Forest will be, the above hypotheses are based upon
past studies. While this study will eventuaily cover the environmental changes following
vegetation removal, for now the empbhasis lies on collecting data regarding amphibian
population diversity, population numbers, and natural rates of population growth and

decline.

Materials & Methods

Vernal Pond Characterization

Four ponds in the Ottawa National Forest and three ponds at University of Notre
Dame Environmental Research Center (UNDERC) were used for amphibian population
sampling and characterized through multiple tests and measurements once at the
beginning and end of the research period. Initially the circumference, length, width, and
maximum depth of each pond was measured to create a numbered grid sectioning the
perimeter of each pond into one meter square plots zero and one meter from the

shoreline. Wooden stakes were placed 10 meters around the perimeter of each pond for
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Once sample plots were determined, a 31 — gallon modified Rubbermaid bin with
the bottom removed, measuring 0.876 m long, 0.508 m wide and 0.425 m deep, was
placed into the plot and held securely to the bottom of the pond, preventing any
amphibian larvaé from escaping. The bin was swept thoroughly with a small fish net and
the contents placed into a bucket for analysis. This process was completed threie times
pér plot and all larval amphibians captured were taken back to the lab in labeled Ziploc
containers filled with pond water. If adult amphibians were captured, species and

quantity were noted and promptly returned to the pond following sampling.

Larval Amphibian Analysis
All captured Jarval amphibians were returned to the lab and placed into labeled
tanks for quantitative analysis. Upon identification using the USGS Patuxent Wildlife

Research Center dichotomous key (http://www pwrc.usgs.gov/tadpole/), each larval

amphibian was measured using General calipers. For Anurans, tail length, torso length,
and total length was recorded. For Caudata, total length was recorded. Following
identification and measurement larval amphibians were r;:tumed to their vernal pond of
origin.
Drift Fence Pilot Experimentation

UNDERC numbered vernal pond two was used for a drift fence experimentation
trial lasting forty-eight hours. 175 meters of drift fencing were used with bucket traps
placed flush with the fence every 20 meters. Traps were checked every 12 hours and all

catches recorded.
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sampling period and lowest during the first sampling period, indicating that mid-June is

the most common spawning time. Compared to data collected summer 20071, overall

species richness increased by two species in ND-N2, one species in ND-N3, two species

in'V.P. 2, one species in V.P. 3, and decreased by one species in ND-N1. There were

three collection periods summer 2002 and two collection periods summer 2001.

Early in the summer it appears that Rana sylvatica is the most abundant species

Larval Amphibian Populations by Species

{June 25 - June 26, 2002)

M Ukrown C audata
OuUnknown Anura

_.|MRana sylvatica

@ERana ciamitans
WP seudacris triseriata

40P seudacris ¢rucifer
| OHyia versicolor

EA mbys toma maculatum
EAmbystoma laterale

s

ND-N1

T

ND-N2 NDN3 VP2 VP33 VES

Vernal Pond

VP8

Figure 3 - Total number of individuals of cach species captured at

each vernal pond during the second sampling period.

Larval Amphibian Populations by Species

{July 16 - July 17, 2002)

A Uknown Caudata
OUnknownAmnura

W Ram sylvatica
A Rana clamitans

B Pseudacris triseriata

0 Psedacris cructfer

T Hyla versicolor

B Ambystoma mactdatum

BAmbystora laterale

Vernal Pond

V.R&

Figure 4 - Total number of individuals of gach species captured at

each vernal pond during the third sampling period.

with a large number of
individuals unidentified
anurans and caudata.
ND-N2 has the largest
amphibian community
while ND-N3 and V.P. 2
each follow with roughly
one-half that population
size. -During the second
sampling period the
number of Rana sylvatica
captured increase from 3
to 25, with 8 individuals
inND-N2 and 17
individuals in V.P. 2.
Hyla versicolor is the

second most abundant
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captured decreased dramatically, even with 3 sampling periods as opposed to 2.
Approximate values for individuals caught over 3 sampling periods this summer are 1 for
ND-N1, 69 for ND-N2, 8 for ND-N3, 42 for V.P. 2, 16 for V.P. 3, 5 for V.P. 5, and 2 for
V.P6. Approximate values for individuals caught over two sampling periods last
summer are 30 for ND-N1, 105 for ND-N2, 132 for ND-N3, 170 for V.P. 2, 0 for V.P. 3,
53 for V.P. 5, and 39 for V.P. 6. Larval amphibian density for the first sampling period
was the highest in ND-N2 with 1.0 individuals/m® (Fig. 5). V.P. 2 and ND-N3 have

roughly half this density.

Density of nearly all the pools with the exception of V.P. 6 and ND-N3 increased
during the second sampling period (Fig. 6). ND-N2 once again had the highest density
with 2.8 individuals/m® and was followed by V.P. 2 and V.P. 3 with 1.6 and 1.1
individuals/m’ respectively. A drop in density at all vernal pools with the exception of
ND-N3 characterized the third sampling period (Fig. 7). V.P. 2 had the highest density

with 1.4 individuals/m® with ND-N2 following at 0.8 individuals/m® and ND-N3 and V.P.

5 following with 0.06
Larval Amphibian Density by Species
July 16 - July 17, 2002 i
{July ly ) pT——— and 0.1 respectively.
16 QI Urknown A nuran
14 .
Rea sybvatica Density of larval
12 ORaw damitans A
1 M Pseudacris triseriata . .
0.8 DPseudacris crucifer amphibians this
' OHyla versicolor
08 EAmbystoma mecLitum decreased by a very
04 B A mbystoma laterale
0.2 e :
N Em i large margin compared

ND-N1 ND-N2 NDN3 VP2 VP3 VPS5 VP86

to sampling data from
Vernal Pond

Figure 7 - Density of larval amphibian species at each vernal pool

during the third sampling period. last summer, in which

ND-N3 had an approximate density of 14 individuals/m® and V.P. 2 had an approximate
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pond size increases so does species richness. While the correlation between pond size
and richness is not sigm'ﬁca;nt, more replication might drop the significance to below
0.05. Strong correlation between larval amphibian density and maximum depth indicates
that as maximum depth increaséﬁ so does amphibian density. Further significant
correlations between water temperature and air temperature (F-value = 0.841, p=0.018),
dissolved oxygen and air temperature (F-value = 0.862, p = 0.012), pH and air
temperature (F-value = 0.743, p = 0.056), and pH and pond size (F-value = 0.767, p =

0.044) are also found amongst first sampling period data.

During the third sampling period correlations occur between conductivity and
species richness (F-value = -0.861, p = 0.061), air temperature and larval amphibian
density (F-value = -0.845, p = 0.072), and species richness and larval amphibian density
(F-value = 0.903, p = 0.036) (Table 1b). Thus as conductivity increases species richness
decreases, as air temperature increases larval amphibian density decreases, and as larval
amphibian density increases species richness increases. In addition, as maximum depth
increases pH increases (F-value = 0.989, p = 0.011) and as water tempera-lture increases
pH increases (F-value = 0.927, p = 0.024). While correlations between species richness
and dissolved oxygen (F-value = 0.777, p = 0.122) and between water temperature and
maximum depth (F-value = 0.888, p = 0.122) appear during the third sampling period,

both correlations are not significant.

Corresponding to significance in correlation are regression plots of various
environmental data compared to larval amphibian density. During the first collection
period strong regression between maximum depth and density (¢ = 0.5075) reinforces the

statement that as maximum depth increases larval amphibian density increases (Fig. 111).
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the other regressions of environmental factors with larval amphibian density, none of the
1> values are large (Fig. 10). During the third sampling period all three significant
correlations involving species richness and larval amphibian density had strong
regression plots. Species richness compared to larval amphibian density show not only
the strongest correlation effecting density but the strongest regression as well (1* =
0.8148), backing the claim that as larval amphibian density increases species richness

increases.

Both air temperature compared to larval amphibian diversity (** =0.7141) and

conductivity compared to species richness (* =0.7417) (Fig. 9) also show strong

Prord Size () va. Species Richness regressions that back negative correlation, meaning that as

air temperature increases larval amphibian density

-
-
-

T decreases, and as conductivity increases species richness

decreases. Conductivity

a
L
N

Canductivity va. Species Richness

compared to density (r* s

1R ZReA 0% 3068 MNNe 4T THa

Pond Stze (')
Figure 8 — Pond Size (m’) vs. Species Richness, =0433 1) and pH s \\\
compared to density (* = 0.3784) have notable i \\
regression, indicating possible connection. Strength ' \
of correlation between pH and density is fairly weak PN

Conductivity (u&/cm)

7% m Q. JA17402031

(F -value = -0053) (Table lb)’ therefore a trend is Figure 9 - Conductivity (uS/cm) vs. Species Richness.
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Figure 11 - Total larval amphibian density (individuals/m®) per plot at each vernal pond during the third sampling
period (July 15 - July 16, 2002) as compared to (a) dissolved oxygen, (b) water temperature, {c) air temperature, (d)
conductivity, () pH, (f) maximum depth, (g) species richness, and (h) pond size.
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Figure 12 — Total Number of larval amphibians captured at each vernal pond during the first collection period (May 30 -
June 2, 2002) as compared to (a) water temperature, (b} air temperature, (<) dissolved oxygen, {d) conductivity, () pH, (f)
maximum depth, (g} species richness, and (h) pond size.
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Last year’s data shows no ties between regression plots of environmental factors

to number of larval amphibians collected. -

Average tadpole size, average tadpole body size, average tadpole tail size, and the
range of tadpole size increased with each sampling period, showing growth in each
- species through the summer (Table 2). Compared to last year’s data, Rana sylvatica tend
to be smaller in the early/mid summer (first and second sampling periods respectively)
(16.90 — 26,20 mm and 29.90 — 50.90 mm vs. 25 — 62 mm) though larger by the end of
the summer (third sampling period) (53.00 —61.70 mm vs. 43 — 60 mm). Pseudacris
crucifer also tends to be smaller as compared to last year’s data (17.80 mm vs. 19 31

mm). While no Hyla versicolor were found in the mid-summer last year, they were most

Table 2 — Average toia! tadpole size (mm), average body size (mm), average tail size (mm), and range of tadpole size (mm} for each of the species collected during
the first (May 30 - June 2, 2002), second (June 24 — 25, 2002), and third (July 15 - 16, 2002} collection periods. Number of each specics collected is also shown.

Collection Date Average Tadpole Size Average Body Size | Average Tail Size | Range of Tadpole Size | Number Collected

5/30/02 Ambystoma laterale - - - - 0
and Ambystoma maculatum - - - - 0
6/2/02 Hyla versicolor - - - - ]
Pseudacris crucifer . - - . a

Pseudacris triserlata - - - - 0

Rana clamitans - - - - 0

Rana sylvatica 21.36 8.26 13.10 16.90 - 26.20 5
6/24/02 Ambystoma laterala 23.62 - [ - 17.60 - 31.80 13
and Ambystoma macuiatum 16.93 - - 12.70-22.40 12
6/25/02 Hyla versicolor 18.12 6.38 9.74 11.40 - 25.00 19
Psaudacrls crucifer 17.80 570 1210 17.80 1

Pseudacris triserlata 17.60 6.30 11.50 17.80 1

Rana clamitans - - - - 0
Rana sylvatica 38.73 14.41 24.32 29.90 - 50.80 25

715102 Ambystoma faterale 28.35 - - 20.40- 37.30 2
and Ambystoma maculatum 30.42 - - 20.70- 36.00 14
TH6i02 Hyla versicolor 29.10 11.55 17.55 28.80 - 29,30 2
Pseudacris crucifer - - - - 0

Pseudacris triseriata 27.35 9.70 17.65 27.40-27.30 2

Rana clamitans 67.00 20.50 48.50 67.00 1

Rana sylvatica 57.43 18.55 37.88 §3.00 - 61.70 4
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ponds at certain times. Larger species such as Rana clamitans take a longer petiod of
time between larval and adult stages, indicating more permanent standing water in a pond
as would be necessary for development. Mid-June, however, is likely the major spawning

time due to high vernal pond productivity during this period of the summer.

An expected effect of decreased canopy cover with clear cutting and thinning is
increased sunlight exposure to the surface of the vernal ponds. Increased sunlight
exposure not only allows more UV-B radiation to penetrate the pond, which is already
know to be detrimental to amphibian populations (1,2,5), but increases ambient arr
temperature, which decreases larval amphibian densities according to our data. In
addition, as ambient air temperature increases more insect larvae metamorphose from the
vernal ponds in which they are developing, leading to a decrease in available food supply
available to larval amphibians in those vernal ponds.

Maximum depth of vernal ponds proves to be a large factor in larval amphibian
density; as depth increases so does amphibian density. Furthermore, as density increases
amphibian richness increases. The maxjn;um depth of a pond is in large part determined
by rate of evaporation, therefore, if 2 pond is exposed to higher light levels and ambient
air temperature the rate of desiccation will increase, resulting in lower larval amphibian
density and richness.

Five of the seven ponds sampled had less than fifty-percent emergent vegetation
cover throughout the entire summer. A decrease in emergent vegetation may be a reason
for a decrease in amphibian populations over the past year, however no detailed

information regarding changes in vegetation abundance is available.
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To give more correlations and trends as the summer progresses, environmental

-data should be taken during every sampling period, thus seasonal environmental variance
can be taken into account at a finer level. In addition, light levels and evaporation rate
should be measured at each pond, giving detail as to the amount of UV-B exposure and
desiccation rate. A more detailed vegetation survey would be largely useful to evaluate
as well, since it is a large source of both food and habitat and may very well be largely
responsible for variances in larval amphibian density and richness from pond to pond. In
terms of data analysis, having detailed raw data available from previous years, especially
in electronic format, would be invaluable for tracking change over time.

Important ties between larval amphibian density and richness were found through
this year’s study, and as time progresses larger seasonal variations will become more
apparent, which is important in tracking environmental change with the introduction of
clear cutting and selectively thinning,
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help of the old red Ford truck and Ford sports (with premium sound) conversion van.
Without you, friends, my soles would be worn thin and days in the field even longer.



g 101dBYD) (p661) "SS21d UOUNIISU] URTUOSYIIIIG :UOIFUISEA “sueiqrydury
10] SPOYISIN PIEpUE)S :ANSIGAI(] [eatdojolg SULIOJUOJ pue Burmsesyy
ST 391504 DT “WoARH “A Y ‘PILIBICION VI “AT[euuo( ' M “JoASH (8)

6c€— 1€€ (@ Tl

A30101g UOUPALISUO) "SPUE[IOM Areodwa] ‘Tpewag Ul Surpasig sueiqrydury
JO UONEAISUOS) U3 PUR SWIOREJ WAWSAOW (L661) *2PED "S'd PUe “J°D ‘Ppod (L)

‘961 — S6v :S0F 24nip “Apmis Japun swioo swerqrydure sy (0007) A WO (9)
8661 ‘Auedwod
UI[GTN UOIYSNOH JI0A MIN “BOISWY (HON [eT [ETUa))/uIa1se Suerqrauy

Pue so[iiday 01 9pInD) pJaig S, U0sIsjed ‘SUI[[o) "L ydasor pue 130y “‘weuo) ()

601

~ 101 ;501 "S2Hauss) [NpaN fO [punof updiewy YPEH UBUMH pue o1
70 uosuredmo)) © pue ‘sonruLIofEy So1d ‘surpad Soxd (1007) A W 0D (1)

-aado g wopnis DYACN[] 159104 Surpunoung g} o Smg8o] o[eog-a8re ]
0 JOLLJ 1SAI0 [EUOLIEN BMER(Q) 3} JO SPUO [RUISA UT JU3SAL] suoregndod
uBqydury [eareT Jo uoEzuserey) (1007) WeUTeA “( PUE °§ “Diswennoy) (¢)
. ‘G6LT — I6L1 216 "99USIOS
7O AWapLoY [BUONEN U} JO STUIPadd0ld (SIAUTIIP uonepndod o031 JuI|

v :s355 ueiqrydure ut g-A () Je[0S 0] A0URISISAL pUB wedsy AN (P661) SABH
G 'S SIEM L 193038 “O° “WPIoH “d’d UBUOH A’V ‘wasneg (7)

"¢91 — €€1 :0€ SonpuasAg pup A30[07 JO MY [ONUUY "A30j0og porjddy
ur we[qosd Y SeW[aaq] ueiqrydury 12q0[D (6661) SPTEUORI IS PUE "V PV (1)

$32Inog

0000°0 | 29520 | 28520 00000 | 0S80 L | 18280 | 00000 | €0o't | €TROL 660L'L | 000C°0 { 0DDOD

pOo00'0 | 2990°0 | £990°0 pooo'o | 0S8 | 000F°0 | Q0OG'O | @LEYD | 00080 | EESE60C 0000°C | 00000
0000°0 | 000D'L | D0OO' 00000 |oooo'LL| 0060'a | ooogo | 00OU'Z | Q00OZH | ODOVL 0000°0 | DOOD'0

Wexisag 4 3 } ue201$3 0 ¥ L 4 9 14 4 l 0

Trv25 | EVB6 | LSFIE orc0Z { ¥G'69 | BE0LE | ¥6'10L | GEEOZ | S6TG6H s¥ese | BY'OLL | LI'4GE

62'0 ara LLO _BED g0 | 'er90 | EOED 54} §8'0< Sg0< | 620 [4:04]

Ze0L | 2eg'0 | ¥SEG L'E gar'l | 6ZEEL | vLU)L 86°C 174 BLLE | PIOE | CETY

e | TheEs | €6E goz | zozr | ovE | TELY -7 6Lr PEYE | YE'ES | OFBF

+'8 es s 4 AR 9 86 S e 58 8e's Lod]

£T 692 g t4 50z 274 1z 642 TTH q'6 ol 2 12l

6l g et '8l §0C 13 ¥4 Sl [£A ol (¥4 €6l
Z0WL  ZO/DE/S TO/RLL ZOMG/S  Zo/9LL  TOOES Z0/9 1/ ZOmoie ZO/SHL ZO//e  cuiSHL  TORI9 oS [YTR 174 ]
adn 9dA §dA SdA §dA €dA ZdA T'dA ENON EN-ON  ZNUN IN-ON  IN-ON  INON

xipuaddy

uogeIAaQ PIEPUES
sojiusAnp abeiany
SEjluaAnf [B30L
ssauyd[y sa0ads

(zw) 9215 puod

(w) yydag wnunxen
{y/Bw) uabAxO PIAIOSELT
(ways) Ayaponpuc)
Hd

(9.) amesedwa] Ay
(0,) aumpesadwie ] J3IRA
a®q

putd

v



25

(9) Knutson, M.G., Sauer, J.R., Olsen, D.A., Mossman, M.J., Hemesath, L.M.,
Lannoo, M.J. (1999) Effects of Landscape Composition and Wetland:
Fragmentation on Frog and Toad Abundance and Species Richness in [owa
and Wisconsin, U.S.A. Conservation Biology. 13 (6): 1437 — 1446.

(10) De Maynadier, P.G., Hunter, M.L. Jr. (1999) Forest Canopy Closure and
Juvenile Emigration by Pool-Breeding Amphibians in Maine. Journal of
Wildlife
Management. 63 (2): 441 —450. )

(11) Mitchell, J.C., Rinehart, S.C., Pagels, JL.F., Buhlmann, K.A., Pague, C.A. (1997)
Factors influencing amphibian and small mammal assemblages in central
Appalachian forests. Forest and Ecology Management. 96: 65 — 76.

(12) Semlitsch, R.D. (2000) Principles For Management of Aquatic-Breeding
Amphibians Journal of Wildlife Management. 64 (3): 615 -631.






