
203Saudi Arabian University Student Cultural Integration:

Seasonal trends in permanent and ephemeral 
wetland water chemistry 
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Senior, Applied Science

ABSTRACT
 We investigated seasonal differences in pH, conductivity, and dis-
solved oxygen concentrations between permanent and ephemeral wetlands 
within the Chippewa Moraine State Recreation Area. These chemical attri-
butes affect which organisms can live within these different habitats. We used 
general linear models to compare the effects of wetland type (ephemeral vs. 
permanent) and temporal variation on the water chemistry attributes. Specific 
conductivity was significantly higher in ephemeral wetlands than permanent 
wetlands, with no significant change over the growing season. Dissolved 
oxygen was significantly higher in permanent wetlands, but significantly de-
creased among sample periods in both wetland types. There was no significant 
difference in pH between permanent and ephemeral wetlands, but pH showed 
significant fluctuation between sample periods. Similar fluctuations were 
observed between the two types of wetlands over time. Ephemeral wetlands 
exhibited a higher specific conductivity and temperature which is likely due 
to their small size. pH fluctuations between sample periods may be affected 
by vegetation or soil conditions. The hydroperiod of a wetland seems to be an 
important factor affecting water chemical characteristics. Our findings provide 
a framework for investigating relationships between these water chemistry 
trends and biological communities. 
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INTRODUCTION
 Wetlands supply numerous ecosystem services such as regenerat-
ing polluted waters, preventing floods, protecting shorelines, and restoring 
groundwater (Mitsch and Gosselink, 2007). Wetlands also provide critical 
habitat for threatened and endangered species, including birds, plants, am-
phibians and insects. Despite their importance wetland losses still continue; 
62,300 acres were lost between 2004 and 2009 (US Fish & Wildlife Service, 
2011). Understanding wetland characteristics is critical for making sound 
management and conservation decisions.
 The exact definition of a wetland varies among aquatic ecologists 
because wetlands often experience a gradient of habitat permanence, from 
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ephemeral to permanent. While permanent wetlands sustain water year 
round, ephemeral wetlands dry up seasonally. Colburn (2004) defines ephem-
eral wetlands as small bodies of water that are close to or within wooded ar-
eas that typically dry annually or every few years during the summer months 
and lack established fish populations. Ephemeral wetlands are a unique habi-
tat because they exhibit characteristics of both terrestrial and aquatic systems 
(Dodds, 2002). 
 We investigated three water chemistry variables: dissolved oxygen 
(DO), specific conductivity and pH. DO significantly impacts species diver-
sity in wetlands (Welborn, Skelly, & Werner, 1996). Some species acquire 
oxygen from the water surface, while others obtain oxygen through diffusion 
over gills or body surfaces (Colburn, 2004). pH is a measure of free hydro-
gen ions in the water and determines the acidity or alkalinity of the water. 
Conductivity measures the concentration of dissolved ions or salts in waters. 
Gonzalez, Drazen, Hathaway, Bauer and Simovich (1996) determined that 
salt concentrations and alkalinity play a role in species distribution, and these 
three characteristics of wetland water chemistry appear to be important fac-
tors influencing the wetland biological community.
 Water chemistry varies throughout the year due to many factors 
including changes in weather, groundwater flow, vegetation and planktonic 
species activity. Dissolved oxygen (DO) tends to be higher at lower tem-
peratures, which may be why insects emerge from pools in the early spring 
(Colburn, 2004). Most ephemeral wetlands exhibit low conductivities, and 
conductivity and pH tend to increase as the wetlands dry (Colburn, 2004). 
Ephemeral wetlands have larger fluctuations in water chemistry due to pre-
cipitation, evaporation and dilution (Bronmark & Hansson, 2005). Evaluating 
water chemistry of wetlands, specifically pH, dissolved oxygen, and conduc-
tivity allows us to better understand the potential to support primary produc-
tivity and high species diversity of the habitat.
 Photosynthesis and respiration have an impact on both pH and DO. 
Photosynthesis consumes CO2, increasing the pH by reducing the amount 
of CO2 in the form of carbonic acid (Bronmark & Hansson, 2005). Respira-
tion decreases the pH and DO as organisms consume O2 and release CO2. 
Wetlands that have less canopy cover have higher photosynthetic activity 
and less leaf litter or detritus (Colburn, 2004). Detritus in the system causes 
respiration to exceed photosynthesis, leading to a decrease in DO (Bronmark 
& Hansson, 2005). Permanent wetlands have a larger surface area exposed to 
sunlight thus promoting photosynthesis and oxygen production.
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 The purpose of this project was to gain a better understanding of 
water chemistry within permanent and ephemeral wetlands. We investigated 
changes in water chemistry over the course of a growing season and com-
pared ephemeral and permanent wetlands. We hypothesized that conduc-
tivity would be higher in the ephemeral wetlands and dissolved oxygen and 
pH would be higher in the permanent wetlands. Conductivity and pH were 
expected to increase over the season and dissolved oxygen was predicted to 
decrease as the temperature increases.

METHODS
 We studied 57 wetlands in the Chippewa Moraine State Recreation 
Area in Chippewa County, Wisconsin (45° 13’ 13.32” N, 91° 24’ 39.7” W). 
The study area was heavily wooded and contained many natural wetlands and 
lakes formed by the glacial moraine. 57 wetlands were sampled and of these 
and of these, 41 were classified as ephemeral and 16 were permanent. The 
water chemistry of the wetlands was measured over four sampling periods 
from May to August 2013 (period 1: 7-15 May, period 2: 3-10 June, period 3: 
1-9 July, period 4: 29 July - 1 Aug). pH, specific conductivity, and dissolved 
oxygen (DO) concentrations were measured at three sampling areas within 
each wetland to account for within-wetland variability. DO was measured 
with a YSI ProDO® meter and pH and specific conductivity were measured 
using an Oakton PCTestr 35® field meter. pH was calibrated daily and 
conductivity and DO were calibrated weekly. The mean of the three samples 
within each wetland was used to inform statistical analyses. We used general 
linear models to determine differences between class (ephemeral vs. perma-
nent) and sample period. We used Tukey’s HSD post-hoc to test significant 
difference between the means.

RESULTS
 DO was higher in the permanent wetlands (mean ± S.E. = 7.96 ± 
1.88 mg/L) and decreased over the season to a mean of 2.11 ± 1.45 mg/L. 
Ephemeral wetlands generally had lower DO values than permanent wet-
lands, but both followed a similar decreasing trend over the four sampling 
periods (Figure 1). In ephemeral wetlands, DO began at a mean of 4.71 mg/L 
and steadily decreased to 1.1 mg/L over the course of the growing season 
(Figure 1). DO was significantly higher (P<0.001, F1,189= 33.93) in perma-
nent wetlands and significantly decreased between sample periods, regardless 
of wetland type (P<0.001, F6,189=25.05). Permanent wetlands also exhibited 
a wider range of values: 0.367 - 12.7 mg/L compared to 0.233 - 10.9 mg/L in 
ephemeral wetlands.
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FIGURE 1 

 Compared to DO, pH was relatively consistent throughout the 
season in both ephemeral and permanent wetlands. Overall, permanent 
wetlands displayed a higher mean pH with the exception of sample period 
three where the ephemeral wetlands displayed a higher mean pH (Figure 2). 
The mean pH of both types of wetlands decreased over time. A general linear 
model determined no significant difference between wetland types (P= 0.078, 
F1,189 = 3.13), but there was a significant difference between sample periods 
(P<0.001, F6,189 = 5.85) due to higher values in the first sample period and 
lower values in the second sample period (Tukey’s HSD post-hoc test). There 
was a weak negative linear relationship between DO and temperature in both 
the permanent (P = 0.267, y = 6.647-0.1217x, R2 = 0.02, F1,132 = 1.25) and 
ephemeral wetlands (P < 0.001, y = 5.507-0.2009x, R2 = 0.097, F1,132 = 
14.21), but the relationship was only significant in ephemeral wetlands.
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FIGURE 2

 In general, specific conductivity was higher in ephemeral wetlands 
than permanent wetlands and it gradually increased during the summer 
(Figure 3). Conductivity in permanent wetlands was the same during the first 
and last sample period with a mean and standard error of 25.5 ± 2.86 µS/
cm (Figure 3). There were significant differences in conductivity between 
ephemeral and permanent wetlands (P<0.001, F1,189=29.68). However, 
there were no significant differences between sampling periods (P=0.062, 
F6,189=2.05). Ephemeral wetlands displayed a wide range of conductivities 
and were highly variable compared to permanent wetlands.
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FIGURE 3

DISCUSSION
 DO decreased throughout the season as predicted; however, DO in 
permanent wetlands displayed unexpectedly high variation. Like Colburn 
(2004), we found that increasing temperature in the ephemeral ponds related 
to the decreasing DO concentrations. The higher DO in permanent wet-
lands may be explained by the larger surface area in contact with sunlight 
which promotes photosynthesis and the production of oxygen. Lower DO 
levels would require that organisms living in shallower ephemeral wetlands 
be adapted to tolerate lower oxygen concentrations. The significant decrease 
in DO over the season may contribute to the significant change in macroin-
vertebrate community composition that occurs in ephemeral wetlands (Tarr, 
Baber & Babbitt, 2005). pH and conductivity trends contradicted our original 
predictions. Overall, the pH was similar between the two wetland types. pH 
was not as variable as DO or specific conductivity, suggesting that organisms 
living within wetland habitats may tolerate only minor shifts in pH. How-
ever, the reason for pH fluctuations between sample periods may be due to 
biotic factors such as vegetation type or abiotic factors such as interactions 
with minerals in the underlying soil. pH was expected to increase over the 
course of the growing season due to submerged vegetation absorbing car-
bon dioxide from the water, but instead the pH decreased and became more 
acidic. The decrease may be due to outside sources such as runoff, vegetation 
surrounding the wetlands or soil type. In addition, rewetting of soil organic 
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matter and breakdown over the course of a growing season in temporary 
wetlands releases organic acids and carbon dioxide, potentially lowering the 
pH (Kim, Vargas, Bond-Lamberty & Turetsky, 2012). Permanent wetlands 
may have had the same mean in the first and last sampling periods due to the 
water level remaining reasonably constant. 
 The conductivity and pH values in our study are comparable to a 
survey of Minnesota ephemeral wetlands, which reported a mean pH of 6.5 
and a range from 5.57-7.6 (Batzer, Palik, & Buesch, 2004).  Our range was 
5.07-7.97 and the mean of ephemeral wetlands was 6.26 (±0.06 SE). Batzer 
et al. (2004) also reported a mean conductivity of 82.6 µs/cm and a range of 
24-390 µs/cm. Our conductivity was on the low end of this spectrum with a 
range of 13.0 - 82.7 µS/cm and a mean of 33.8 µS/cm (±1.5 SE). Low conduc-
tivity values may indicate that our wetlands are fed mostly by precipitation 
and that groundwater influx from the nearby wetland soil does not contribute 
many ions to the wetland waters (Little, Allen, & Guntenspergen, 2005).
 This study could provide insight for future conservation efforts such 
as reconstructing ephemeral wetlands to sustain species diversity. Information 
on water chemistry can provide insight into the conditions different species 
can tolerate and the influence of water chemistry on ecological community 
development in the different wetlands. The hydroperiod (water level changes 
and duration) of a wetland is an important factor affecting chemical compo-
sition of the wetland water, and our findings provide a framework for investi-
gating relationships between water chemistry and biological communities in 
the future.
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