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Abstract
Hydroperiod (the annual period that open water is available) is an important factor
in studies of wetland ecology. It has been linked to amphibian development, distribution,

and rates of survival as well as the presence of exotic species. However, hydroperiod is

rarely measured directly. Typically wetland size is used as a surrogate measurement of

hydroperiod. Recent studies suggest that wetland size may not be as closely related to
hydroperiod as was previously thought. To investigate the role of hydroperiod and its

relationship with other habitat parameters, I conducted a study of 23 wetlands located in
west-central Montana. Each wetland was surveyed three times during the summer of

2002 and estimates were made for: wetland size, area of open water, hydroperiod, rate of
water loss, presence of Rana luteiventris, and presence of Ambystoma macrodactylum.

Analysis showed that hydroperiod was not correlated with the other wetland
measurements, nor was it an accurate predictor of the presence of amphibian species.
Total wetland area was correlated with the presence of R. luteiventris, but was not an
accurate predictor of the presence of A. macrodactylum. Area of open water was

correlated with the presence of both species of amphibians. In this study area, there was
not a large gradient of hydroperiods. Future studies should be conducted to minimize

year-to-year variation within this wetland and more accurately assess the impact of
hydroperiod. However, my results suggest that the area of open water may be a better

predictor of amphibian presence than is hydroperiod.
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Introduction
The annual period that open water is available (hydroperiod) is an important

factor in studies of wetland ecology. Amphibians are particularly influenced by
hydroperiod. Hydroperiod has been associated with amphibian survivorship (Adams,
2000), behavioral and developmental strategies (Skelly, 1995 and 1997), recruitment of

juvenile amphibians (Pechmann et al., 1991; Ryan and Winne, 2001), and species
richness (Snodgrass et al., 2000 a). Hydroperiod has even been related to larval
resistance to infections (Kiesecker and Skelly, 2001) and to the presence of exotic

amphibian species (Adams, 2000). However, hydroperiod has rarely been measured

directly. Instead, most studies and management plans have employed the use of a

surrogate variable, most often wetland size, to estimate hydroperiod.

As outlined by Snodgrass et al. (2000 b), using wetland size as a surrogate for
hydroperiod employs four main assumptions including: 1) small wetlands have short

hydroperiods, 2) small wetlands support few species, 3) the species supported by small
wetlands are also found in larger wetlands, 4) the populations of organisms associated
with individual wetlands are independent. However, these assumptions have not been
fully tested and have been challenged by recent studies. Studies at the Savannah River

Research Station in South Carolina (Snodgrass et al., 2000 b) have shown that
hydroperiod may not be correlated with wetland size, and that wetland size was not

correlated with the richness of amphibian species while hydroperiod was. Other studies
have shown that small wetlands are important for amphibian diversity (Semlitsch &

Bodie, 1998). However, since the majority of studies attempting to find a correlation
between wetland size, hydroperiod, and richness of amphibian species have been
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conducted in the Southeastern United States, little is known about the relationship
between hydroperiod and wetland size in other regions.

One of the problems facing researchers is that hydroperiod is difficult to measure

as it requires a number of visits to a given site over a period of time. Furthermore, if
wetland size and hydroperiod are not correlated, then a new surrogate of hydroperiod
should be found. For most agencies and researchers a measurement, such as open water

area, that can be obtained in just one visit and still predict hydroperiod would be quite
valuable. Consequently, the relationship between area of open water within a wetland and

hydroperiod should be investigated.
I first studied the relationship among wetland characteristics including: wetland

area, area of open water, hydroperiod, and rate of water loss. Based on studies in South
Carolina (Snodgrass et al., 2000 b), I hypothesized that overall wetland size would not be
correlated with hydroperiod. The relationship between total area of open water and

hydroperiod has not been investigated and I therefore hypothesized that there would be

no correlation (a null relationship) between these two factors. After preliminary studies,

rate of water loss was added as a wetland characteristic. Based on initial data, I
hypothesized that rate of water loss would be correlated with area of open water but not

with wetland size or hydroperiod.

I then studied the relationship between wetland characteristics and the presence of
the Columbia spotted frog {Rana luteiventris) and the long-toed salamander {Ambystoma

macrodactylum). No correlation between wetland size and amphibian species richness

was shown in any of the following studies: the Savannah River Site of South Carolina
(Snodgrass et al., 2000 b), the Puget Sound (Richter and Azous, 1995), and southern
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Ontario, Canada (Hecnar and M’Closkey, 1996). Therefore, I hypothesized that wetland

size would not be associated with amphibian presence. Pearman (1993) has shown that
increased pond area can lead to a decrease in survival in both Rana and Bufo species. In
addition, Pearman (1993) found no significant correlation between species richness and
pond area. Thus, I hypothesized that area of open water would not be correlated with the

presence of amphibians. Studies by Adams (2000), Snodgrass et al. (2000 a), and
Pechmann et al. (1989) have found correlations between species richness and

hydroperiod. I therefore hypothesized that hydroperiod would be strongly correlated with

amphibian presence. Rate of water loss has not been fully investigated. My hypothesis

was that it would not be correlated with amphibian presence.
This study is the first to examine the relationships between rate of water loss,
other wetland characteristics, and the presence of amphibians. Furthermore, this is the

first study to test the hydroperiod/wetland size assumptions in the Rocky Mountain
region. Many management proposals have been constructed using wetland size as a main

regulatory factor and lack of correlation between wetland size and hydroperiod would
have a variety of impacts. For example, in the wetland guidelines of the Army Corps of

Engineers, size is used as the main distinguishing factor rather than hydroperiod.
Currently, under Nationwide Permit 29 (US Army Corps of Engineers Regulations,

2002), wetlands that are less than one quarter of an acre are subject to fast-track approval

for building since they are considered “ecologically less valuable” (Kaiser, 1998). If
studies refute the assumptions inherent in the use of wetland size as a surrogate for

hydroperiod, then management of wetlands may change drastically to encompass the
importance of small temporary ponds.
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Materials and Methods
Study Site
I sampled 23 naturally isolated wetlands in the basin of the Telegraph Creek
drainage, Helena National Forest, in west-central Montana (Fig. 1). This drainage basin,

hydrological unit code (HUC) 56, was chosen because it was known to contain wetlands
of varying types, sizes, and hydroperiods. Types of habitat included: multipooled sites,

bogs, inactive beaver ponds, marshes, and ponds. Four percent of the wetlands had
populations of fish. Sedges, willows, and rushes, respectively, were the most common
vegetation types. Most of the sites were pristine but several of the wetlands were

impacted by mining activity. The chosen HUC was known to contain three species of
amphibians: the Columbia spotted frog, long-toed salamander, and western toad (Bufo

boreas). However, since the western toad was found in small numbers at only a few
scattered sites, the spotted frog and long-toed salamander were the two amphibians
included in this study.
Site Measurements

Measurements within the wetlands included: 1) overall wetland area 2) area of
open water 3) hydroperiod and 4) rate of water loss. The margins of the wetland were

designated by the presence of characteristic wetland vegetation, such as sedges, willows,
and rushes. The area of open water was the sum of individual measurements of ponds

within each wetland. Ponds were defined as bodies of standing water with a minimum

depth of 5 cm, and sufficiently diffuse emergent vegetation as to allow tadpole passage.
Measurements of area of open water were taken three times during the study period with

surveys conducted in June, July, and August of 2002. Hydroperiod was defined as the
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number of days a temporary pond held water. Hydroperiod was determined by plotting
the three measurements of open water area against time in days. Each wetland was then

fitted with a regression line to yield the number of days that the wetland held water in a
year. Rate of water loss was calculated by plotting the survey number (1-3) against the
three measurements of open water area. Each wetland was fitted with a regression line
and the slope of this line was determined to be the rate of water loss from the wetland.

Amphibian Surveying
Each site was sampled three times for amphibian presence. Amphibians were
quantified through the number of visual encounters as two people walked the margins of
the ponds. In addition, representative areas around the ponds were surveyed by dipnet in

order to identify amphibian larvae. The presence of frogs was recorded in terms of

adults, tadpoles, and juveniles. Presence of salamander larvae were recorded for each

wetland.
Statistical Analyses

A correlation matrix was used to analyze the relationship among the four
continuously independent variables of wetland measurement (wetland area, area of open
water, hydroperiod, and rate of water loss). A correlation was considered significant if
p <0.05. Each of these wetland variables was then analyzed in relation to the amphibian

survey variables. Logistic regression was used to analyze the correlation between the
four wetland variables and the four amphibian variables (presence of frog adults, frog

tadpoles, frog juveniles, and salamander larvae).
significant if p <0.05.
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Figure 1. Map of Study Site.
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Results

Wetland Variables
In preliminary analysis of the four wetland variables, I found that the raw data

were skewed. To correct for this, total wetland area, area of open water, and hydroperiod
were log transformed. Transformation of raw data for rate of water loss was through

reflection across the x-axis to yield positive values. The square roots of these positive
values were then used as rate of water loss. Following these transformations all four
variables were more normally distributed.

Four wetland variables were measured through a correlation matrix (Table 1).

Total wetland area had a significant correlation with area of open water (Fig. 2). There
was no correlation between total wetland area and either hydroperiod or rate of water
loss. In addition to significant correlation with total area, area of open water was

significantly correlated with the rate of water loss (Fig. 3). Hydroperiod was not

significantly correlated with any of the other three variables.

Table 1. Correlation coefficient and p values for wetland variables.
Total Wetland
Area of Open
Hydroperiod
Area
Water
Total Wetland
1.000
0.5862
0.0043
Area
p= ~
p= 0.003
p= 0.985

Rate of Water
Loss
0.3132
p= 0.146

Area of Open
Water

0.5862
p= 0.003

1.000
p= —

0.1985
p= 0.364

0.4185
p= 0.047

Hydroperiod

0.0043
p= 0.985

0.1985
p= 0.364

1.000
p- —

-0.3547
p=0.097

Rate of Water
Loss

0.3132
p= 0.146

0.4185
p= 0.047

-0.3547
p= 0.097

1.000
p= —
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Figure 2. The relationship between total wetland area and area of open water.
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Figure 3. The relationship between area of open water and rate of water loss.
*The inverse square roots of the raw data were used in these comparisons
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Total wetland area was correlated with the presence of frog adults, tadpoles, and

juveniles, but not with the presence of salamanders (Table 2). Area of open water was

correlated with the presence of both species of amphibians. (Table 2). Hydroperiod was
not significantly correlated with either species. Rate of water loss was correlated with the
presence of frog tadpoles, frog juveniles, and salamanders (Table 2).

Table 2. Correlation of wetland measurements with presence of amphibian species.
Total Wetland
Area of Open
Hydroperiod
Rate of Water
Area
Water
Loss
Adult Frogs
X2= 7.97
X2= 1.08
X2= 13.2
X2= 3.42

Frog Tadpoles

Frog Juveniles

Salamanders

p= <0.001

p= 0.005

p= 0.299

p= 0.065

X2= 16.69

X2= 15.16

X2= 0.63

X2= 6.27

p= <0.001

p= <0.001

p= 0.427

p= 0.012

X2= 13.32

X2= 13.45

X2= 0.51

X2= 6.33

p= <0.001

p= <0.001

p= 0.474

p= 0.012

X2= 2.38

X2= 10.82

X2= 0.30

X2= 5.37

p= 0.123

p= 0.001

p= 0.684

p= 0.020

Those wetlands with adult frogs present had larger average total wetland areas
and larger average open water areas than those wetlands lacking adult frogs (Fig. 4).

This same trend was observed for the presence of both frog tadpoles (Fig. 5) and frog
juveniles (Fig. 6). The average area of open water in wetlands containing salamanders

was greater than the average area of open water in wetlands lacking salamanders (Fig. 7).
Wetlands containing frog tadpoles, frog juveniles, and salamanders had a greater average

rate of water loss than those lacking these amphibians (Fig. 8).

9

Figure 4. The average size of wetlands and area of open water for sites with and
without R. luteiventris adults. (Tops of boxes represent mean averages and bars
are standard error bars)

Figure 5. The average size of wetlands and area of open water for sites with and
without R. luteiventris tadpoles.

10

Figure 6. The average size of wetlands and area of open water for sites with and
without R. luteiventris juveniles.
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Figure 7. The average area of open water for sites with and without A.
macrodactylum.
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Figure 8. The presence of R. luteiventris tadpoles, R. luteiventris juveniles, and
A. macrodactylum in wetlands, as related to the average rate of water loss.
*The inverse square roots of the raw data were used in these comparisons

12

Discussion

The first objective of this study was to examine the correlations among four
wetland variables. Total wetland area was correlated with area of open water and there

was no correlation between total wetland area and hydroperiod. Also, total wetland area
was not correlated with rate of water loss. This supports previous studies (Snodgrass et
al., 2000 b) showing that size of wetland is not a good indicator of wetland hydroperiod.

Based on this result I accepted my hypothesis that total wetland area would not be

correlated with hydroperiod.
Area of open water did not show a correlation with hydroperiod. Based on these

data, I rejected my hypothesis that area of open water would be correlated with
hydroperiod. Area of open water showed significant correlation with rate of water loss.

This result suggests that larger ponds tend to lose water at a faster rate than smaller

ponds.
Finally, there was no correlation between hydroperiod and rate of water loss.
Intuitively, it would seem that those ponds losing a large area of water would exhibit

short hydroperiods. However, these data must be considered with the results of the
relationship between area of open water and hydroperiod. Wetlands that lost a large area

of water between each survey were the wetlands that had the largest area of open water.
Such sites do not have short hydroperiods because they have a large area of water to lose

before they go dry.

The second objective of this study was to examine the relationship between the
four wetland variables and the presence of amphibians. Total wetland area was a good
indicator of the presence of R. luteiventris. Wetland area was correlated with the
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presence of adults, tadpoles, and juveniles. However, it was not correlated with the
presence of A. macrodactylum. This was in contrast to other studies. For instance, in
studies of the Savannah River Site in South Carolina, researchers found that size of

wetland showed little or no relationship with species richness (Snodgrass et al., 2000 b).

Hecnar and M’Closkey (1996) demonstrated a lack of relationship between pond area and
species richness in a study of 97 ponds surveyed for a period of four years in

southwestern Ontario, Canada. Richter and Azous (1995) observed that the number of
amphibian species found at a wetland did not increase with wetland size among 19

wetlands studied over three years in the Puget Sound area. However, these studies used

species richness as a response variable and not the response of individual species.

Individual species may respond to the same landscape differently (Hokit and Branch,
1999), suggesting that a population level approach may be more appropriate for assessing
the effects of patch size.

Area of open water was the best indicator of amphibian presence. It was
correlated with the presence of frog adults, tadpoles, juveniles, and salamanders. These
findings support my hypothesis that there would be a correlation between these two
factors. These results are slightly different than the findings of other researchers. Several

recent studies have shown a decrease in amphibian fitness and presence of amphibian

species in larger ponds. Pearman (1993) investigated the relationship between pond area

and the survival fitness of Bufo americanus and Rana clamitans. He found that increased
pond area led to a decrease in survival of both Rana and Bufo. Hecnar and M’Closkey

(1996) studied 13 amphibian species and found that there was no significant correlation
between species richness and pond area. However, my results show that area of open
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water was a good predictor of amphibian presence. This would be useful to those
attempting to manage wetlands since area of open water is a relatively easy measurement

to make, and yet still has biological significance for the viability of populations.
Hydroperiod was not correlated with the presence of either species of amphibian.

This result was in direct contrast to other studies. For example, Snodgrass et al. (1999)
found that the frequency of occurrence of sirens and amphiumas (two salamander

species) increased with wetland hydroperiod. Snodgrass et al. (2000 a) and Pechmann et

al. (1989) found that both species richness and number of larvae were positively
correlated with length of hydroperiod. In addition, Skelly (1995; 1997) and Skelly et al.
(1999) found that patterns of amphibian distribution were influenced by pond drying.

Many amphibians have been shown to prefer wetlands with a specific hydroperiod. For
instance, the Pacific treefrog (Hyla regilla) has a much higher survival rate in temporary

ponds than in permanent ponds (Adams, 2000). Adams (2000) then demonstrated that

even removing exotic species from permanent ponds did not increase survivability or
distribution of native anurans. This shows that the presence of exotic species was not the

factor causing the higher survival rate observed in Pacific treefrogs in temporary ponds.

This led Adams (2000) to suggest that a wide habitat gradient is best for native anuran

survival. All of these studies illustrate the importance of hydroperiod in amphibian
distribution. In my study area, the wetlands all had long hydroperiods. In fact, out of the

23 wetlands surveyed, only one went completely dry over the course of the study. The

summer of 2002 was an unusually wet summer in the drainage basin and the increased
moisture could have contributed to the lengthy hydroperiods. Since the hydroperiods
were all longer than 45-60 days, hydroperiod may not have influenced amphibian
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distribution in my study. Both frogs and salamanders are capable of reaching

metamorphosis within this time period. Thus, these results are not conclusive. Since

there is a large amount of year-to-year variation in precipitation, study of hydroperiod
would need to be conducted over the course of several years to yield conclusive results.

Another study of a different wetland with a larger gradient of hydroperiods may have
shown greater hydroperiod effects.

Rate of water loss was correlated with frog tadpoles and juveniles and with

salamanders suggesting that the greater the rate of loss, the more likely that amphibians
are present. This may seem counterintuitive. However, when the relationship between

rate of water loss and area of open water is considered, these findings indicate that larger
ponds are losing water faster, but (having more water to lose) large ponds are more likely

to have amphibians.

My study suggests that, in certain years, hydroperiod may be a poor predictor of
amphibian presence. Wetland size may predict amphibian presence for some species but
not for others. Overall, the amount of open water was the best predictor of amphibian
presence. Much easier to measure than hydroperiod, the area of open water may allow

biologists a better tool for assessing wetland and landscape viability in the Rocky

Mountain region.
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