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The lack of cost-effective, reliable sampling methods for many wetland

characteristics hinders efforts to describe the structural and functional

properties of wetlands. This study evaluated techniques for sampling the

subsurface hydrology and invertebrates of freshwater wetlands. The depth of

rusting on mild steel rods was compared with water well measurements to

determine the reliability of rust depth as a predictor of subsurface water levels.

An emergence trap and a benthic coring device were compared to determine

the utility of each for sampling the invertebrate fauna of a wetland.

Accuracy of the rods in estimating different water table measurements

(average, lowest, most recent) and comparability of rod data (within sets of

five rods) were investigated for different reference points on the rods,

residence times, and wetland soils. The effect of the presence of vegetation in

a soil low in organic matter on rod accuracy also was evaluated. The depth of

lowest formation of a rust band on the rods predicted average and most recent

water table depths in peat soil (r2 for regressions of rust band depth on water



table depth ranged from 0.71-0.95). Estimates of average water table depths

were most precise for peat soil. Accuracy and precision were considerably

lower in sand and clay soils, but significant relationships (P < 0.10) between

depth of rust band formation and water table depth were found for all soils (r2

values for sand and clay ranged from 0.13-0.55). The presence of vegetation

had no effect on rod accuracy in the sand soil. Differences in rod

performance between residence times were not apparent. However, a rod

residence time of 4-6 weeks is recommended to balance the time necessary for

adequate rust formation on the rods and to minimize the chance of exposure

to large changes in water levels. A decrease in water table depth of

approximately 40 cm in one month in the clay wetland caused a month lag

time in rust formation. Differences in depth of rust band formation between

the five rods within replicate sets were greatest for rods from clay (mean SD

= ±7.9 cm). Variability of rust band measurements within replicate sets was

lower in peat (mean SD = ±2.3 cm) and sand (mean SD = ±2.6 cm). The

results indicated that the rusty rod technique has serious limitations and should

be applied only in situations where the use of standard methods must be

restricted.

Emergence traps and a benthic coring device were used to sample the

invertebrates of a freshwater, emergent wetland during late spring and

summer, 1989. The fauna captured by each technique, disparities between the

techniques in sampling certain taxa, and factors potentially affecting abundance



estimates were examined. In addition, the efficiency of each technique,

expressed as the number of samples required to achieve a desired level of

precision, in estimating mean abundances of the dominant invertebrate group,

the Chironomidae, was evaluated.

Total and monthly estimates of insect family richness were higher for

continuous sampling of emergence than for monthly core samples of the

benthos. Emergence traps also caught a greater variety of the insect taxa

inhabiting the wetland. The precision and efficiency of each technique in

estimating abundances of the dominant group, the Chironomidae, varied

between months and habitats (open water; vegetation). The variation was

most likely due to the natural spatial and temporal variations inherent in

invertebrate populations. The number of samples required (nr) to estimate

mean Chironomidae abundances for the entire summer, June-September, to a

precision of D= 0.20 (equivalent to a standard error equal to 20% of the

mean), varied between techniques. Fewer sampling stations would have been

required to estimate mean adult abundances using emergence traps than would

have been required for estimates of larval abundances using benthic core

samples. Large numbers of benthic cores (27-208 individual cores per habitat)

would have generally been required for both monthly and seasonal estimates of

non-insect invertebrate abundances. Labor costs for processing emergence

samples were about 30% of those for benthic samples. Subsampling of

dominant groups in the emergence samples would have further reduced costs.



Frequent sampling throughout a season, with several different techniques,

is required to completely characterize the invertebrate community of a

wetland. This study compared two quantitative techniques for sampling

wetland insects. Continuous sampling with emergence traps provided higher

estimates of insect family richness and more precise estimates of Chironomidae

abundances at a lower cost per sample than monthly core samples of the

benthos.
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EVALUATION OF TECHNIQUES TO MONITOR
WETLAND HYDROLOGY AND MACROINVERTEBRATE

COMMUNITY CHARACTERISTICS

INTRODUCTION

This study evaluated techniques designed to characterize subsurface

hydrology and invertebrate communities of inland, freshwater wetlands. The

techniques tested were chosen based on their potential for use in a variety of

freshwater wetland habitats. The following chapters present the results of this

work. The first chapter reports on the applicability of the rusty rod technique

for monitoring subsurface water levels; the second chapter compares the use of

a benthic coring device and emergence traps for sampling wetland

invertebrates. Each is composed of Background, Methods, Results, Discussion,

and Literature Cited sections. A section listing references common to the

entire document is presented at the end. This study was not intended to gather

exhaustive information on the specific hydrologic characteristics and

invertebrate communities of the study wetlands. Rather, it was undertaken to

examine the utility of the rusty rod technique, benthic cores, and emergent

traps for use in describing natural wetlands and in evaluating wetland creation

and restoration projects.

This project was part of a larger study implemented by the

Environmental Protection Agency's Wetlands Research Program. One of the

goals of the overall study was to develop and test cost-effective, reliable, non-

destructive sampling methods suitable for gathering basic scientific information
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about the structural and functional characteristics of both natural and created

or restored wetlands. The research reported here was initiated to address two

characteristics of wetlands, subsurface hydrology and invertebrate use, for

which little effort has traditionally been expended in methods development and

testing.

Hydrology is the most important factor controlling the establishment and

maintenance of specific types of wetlands and wetland processes (Mitsch and

Gosselink 1986). However, knowledge of certain hydrologic processes

occurring in wetlands, such as groundwater recharge and discharge, is

rudimentary at best, particularly for freshwater wetlands. Invertebrates play

important roles in food chain support and nutrient cycling in wetlands, but

even basic information on wetland invertebrates, such as the composition of

wetland invertebrate communities, is lacking (Murkin and Batt 1987). In

addition, a frequently listed goal of wetland creation and restoration projects in

Oregon and Washington has been to create habitat, especially for waterfowl

(Kentula et al. in press). The diversity of invertebrates within a wetland is

likely a good indicator of the suitability of a wetland for waterfowl. However,

little published literature exists on the evaluation of methodologies for

sampling the diversity of wetland invertebrates and their relationship to

sustaining habitat.

Concern about the status of the wetland resource has led to the call for
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no net loss in the nation's remaining wetland base, as defined by both acreage

and function (The Conservation Foundation 1988). The U.S. Fish and Wildlife

Service estimated that, since 1780, between 30-50% of the original 221 million

acres of wetlands in the continental United States have been destroyed or

altered, and that wetland destruction continues at a rate of 300-400,000 acres

per year (Tiner 1984, Dahl 1990). Wetland destruction and degradation have

directly resulted in the loss of valuable landscape functions, including water

purification, flood abatement, and habitat for fish and wildlife.

The primary federal regulation governing the wetland resource is

Section 404 of the Clean Water Act (CWA). The CWA was enacted in 1972

to restore and maintain the chemical, physical, and biological integrity of the

Nation's waters by regulating, via a permit process, the discharge of dredge

and fill material. Wetlands came under the jurisdiction of the CWA in 1977.

Under this regulation, the creation of a new wetland or the restoration of a

degraded one can be required as mitigation for the destruction of a natural

wetland. In addition to compensating for wetland losses permitted under

Section 404, restoration and creation have also been advocated to compensate

for past and future losses of wetlands, and to serve various functions such as

wastewater treatment, aquaculture, and waterfowl habitat.

A recent synthesis on the status of the science of wetland creation and

restoration reached some important and timely conclusions (Kusler and
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Kentula 1990). The existing scientific information on the characteristics of

both natural and created or restored wetlands is limited for many wetland

types and regions. Therefore, basic information on wetland structural and

functional characteristics is needed to determine whether created or restored

wetlands are actually performing the functions of natural wetlands. To assess

the overall success of wetland creation and restoration projects, more extensive

post-construction monitoring of projects is necessary and comparisons should

be made between natural and created or restored wetlands. However, a major

hindrance to carrying out this basic research is the lack of cost-effective,

reliable sampling methods suitable for use in a variety of wetlands. This study

evaluates the potential utility of three such techniques and discusses situations

in which each might be used.
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EVALUATING THE "RUSTY ROD" TECHNIQUE FOR USE IN
MONITORING SUBSURFACE WATER LEVELS IN WETLANDS
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BACKGROUND

Current techniques to monitor subsurface hydrology (e.g., use of

piezometers, water wells, continuous water level recorders) are often expensive

and difficult to install, may require frequent site visits for adequate monitoring,

and are impractical for use over a large area. As a potential alternative,

McKee (1978) introduced the rusty rod technique as a simple and inexpensive

way for monitoring shallow water tables. Mild steel rods (0.05-0.25% carbon)

when driven into the ground will supposedly accumulate an area of rust (ferric

oxide) near the surface of the water table because water table depth often

approximates the boundary between the oxidizing and reducing zones in

wetland soils. The technique is appealing because its economical (rods cost

$0.05 each for this study) and low-impact nature may allow more spatial

information to be gathered for a site than was previously possible. It may also

be an efficient way to monitor temporal changes in water levels for a site.

However, questions remain about the utility of the technique.

Rust formations on rods may represent average water levels or they may

correspond to lowest or most recent water levels. Researchers found strong

correlations between the lowest limit of rusting on rods and average water

table depths in field experiments in different soils in South Carolina: loam, r=

0.87 (McKee 1978); sand, r= 0.95 (Spina le and McKee 1985). Bridgham et al.

(in press) showed strong correlations between depth of rusting and most recent
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measurements of water table levels in both peat and mineral soils in North

Carolina: peat, r= 0.89; loam, 4-week residence time, r=0.79; loam, 4-28

week residence time, r=0.82. Complicating matters further, Carnell and

Anderson (1986), tested the rods under controlled water level oscillations

during summer, and found that the lowest limit of rusting on the rods

corresponded best with the lowest water table level that occurred during the

period of oscillation.

Characteristics of rust formation on the rods may lead to erroneous

measurements of water levels. Rust may form on the rods slightly above the

water level (Spina le and McKee 1985; Carnell and Anderson 1986). During

rapidly falling water levels (when the mobility of iron is presumably lessened),

rods placed in mineral soil before the water level began to decrease exhibited

a lag time in rust formation of one to two months, whereas those placed while

water levels were decreasing failed to track the decreases (Bridgham et al. in

press). Subjectivity in defining and delineating the extent of rusting on the

rods may also contribute to further error. Furthermore, Spina le and McKee

(1985) suggested that the technique may be inappropriate for use in soils with

little organic matter or microbial activity to drive oxidation-reduction processes,

or in heavy soils with 50 to 60% clay content due to the effects of capillary

rise.

Mild steel rods have been used to measure characteristics associated with

the depth of the water table. Depth of rusting on steel rods was strongly
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correlated with depth of oxygen penetration and rooting depth of tree

seedlings (Carnell and Anderson 1986). Similarly, depth of silver sulfide

accumulation on silver-coated brass rods was also shown to be an accurate

indicator of water table depth, depth of oxygen penetration, and tree rooting

depth in peatlands in Finland (Lande 1969, 1970). Moreover, Hook et al.

(1987a, 1987b) were able to describe differences in the growth performance of

red alder families based on differences in soil water levels measured using

rusty rods. They suggested that the technique may have applications in

delineation of wetlands provided that additional studies examining rod

performance are conducted.

The rusty rod technique potentially offers a way to address some of the

shortcomings associated with current hydrologic monitoring methods.

However, because of the uncertainties connected with the technique and the

lack of published tests for regions in North America other than the

southeastern United States, further testing is needed.

This study addressed the applicability of the rusty rod technique for

monitoring subsurface water levels in freshwater wetlands in the Coast Range

and Willamette Valley Ecoregions of Oregon (Omernik 1987). Performance

was evaluated by investigating several factors thought to influence rod

accuracy: 1) reference point used to measure extent of rust formation on the

rods; 2) water table level being estimated (average, lowest, most recent); 3)

residence time or exposure period of the rods; 4) soil type; 5) presence of
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vegetation in soil low in organic matter; and 6) hydrologic regime. To discern

possible sources of variation affecting data quality, comparability of the results

was assessed for measurements made using replicate rods.
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METHODS

Study Sites

Four criteria were used to select study sites. To be considered, a

wetland needed to 1) be a freshwater, palustrine system; 2) have a

predominance of emergent vegetation; 3) have a seasonally flooded water

regime in part or all of the wetland; and 4) have either a peat, sand, or clay

soil. The wetlands with a peat soil and a sand soil were located within the

Coast Range Ecoregion (Omernik 1987) in the vicinity of Seaside, Oregon

(approximately 128 km northwest of Portland, Oregon). The wetland with clay

soil was located within the Willamette Valley Ecoregion (Omernik 1987) in

Corvallis, Oregon (approximately 144 km southwest of Portland, Oregon).

The peat and sand wetlands were similar in general morphological,

hydrological, and vegetation characteristics, although the peat system was

substantially larger (approximately 19 ha) than the sand system (approximately

5 ha). The wetlands were situated in depressions on opposite sides of a low

sand dune ridge. A natural stream and several excavated channels cut through

the dune ridge resulted in direct hydrologic connections between the wetlands.

Hydrologic inputs into both wetlands included groundwater, runoff, and

streamflow. The wetlands differed, however, in origin and substrate. The peat

wetland was formed when wind scoured the sand to the depth of the water

table. Soil series that developed were very deep, very poorly drained, and



11

moderately permeable (Table 1). The sand wetland was created in 1987 as

compensation for the filling of a nearby wetland. Sandy wetland and upland

soils of dunal origin were present in the area that was excavated below or near

the late summer water table depths to create the wetland (Table 1).

The clay site, a natural 0.2-ha palustrine emergent wetland, had

characteristics typical of seasonally-flooded wetlands in the Willamette Valley.

The soil series present in the wetland had large amounts of clay in the fine-

earth fraction (Table 1). Primary hydrologic inputs were precipitation and

groundwater.

General Approach

Test plots (1-m2) were established in each wetland. One plot was

established in a vegetated area of the peat wetland (Brallier soil series). Two

plots were established in vegetated areas in the clay wetland. Two plots were

established in the sand wetland; one of the plots was vegetated, the other was

not. All vegetated plots had herbaceous wetland vegetation. Field

experiments were conducted from May-October, 1989, at both the peat and

sand wetlands, and from January-July, 1989, at the clay wetland.

The configuration within a test plot was the same for all wetlands (Fig.

1). Each plot contained a water well made of 1.5 m of 0.025-m PVC



Table 1. Classifications of soil series found at the study sites. The soil series listed for the SAND wetland were
those identified in the site before it was excavated to create the wetland.

Wetland Soil Series Classification Source

PEAT Brallier Dysic, isomesic Typic Tropohemist USDA, 1988
Bergsvick Sandy or sandy-skeletal, mixed, dysic, isomesic

Terric Tropohemist USDA, 1988

SAND Warrenton Sandy, mixed, isomesic Typic Tropaquept USDA, 1988
Gearhart Sandy, mixed, isomesic Typic Dystropept USDA, 1988

CLAY Dayton Fine, montmorillonitic, mesic Typic Albaqualf USDA, 1975
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Figure 1. Configuration of rods and well within a test plot.
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pipe. The bottom 30-60 cm of the pipes was perforated and covered with

screen to limit entry of debris and sediment. A removable bar served as a

reference elevation for each well from which to record all pertinent

measurements.

Mild steel welding rods, 0.24 cm in diameter and 91.5 cm long, were

cleaned with alcohol and steel wool prior to insertion into the soil. Rods were

inserted in rows which radiated outward from the well, each row representing

a different rod residence time (Fig. 1). Rods for all residence times were

installed on the first day of the test using a plot. At the end of an interval, all

rods for that residence time were removed, and new rods were inserted. Rods

were either pushed into the ground with locking pliers or "drilled" into the

ground using a hand drill. The rods were inserted so that their tops were

flush with the top of the removable bar once it was connected to the well and

levelled. If it was not possible to insert a rod to the desired depth, it was

inserted as far as possible and a file mark was made on the rod at the position

of the levelled bar. After removal, rods were air-dried and sprayed with an

acrylic coating to prevent further oxidation. Rusting patterns were examined

in the laboratory.

Water levels in the wells were measured weekly to the nearest 0.1 cm.

Rust and water level measurements were standardized so that all were

reported using the elevation of the levelled bar for each test plot as "zero"
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depth.

The degree of correlation between depth of rusting and water table

depth was investigated for different reference points on the rods, rod residence

times, and soil types. In addition, the effect of the presence of vegetation on

rod accuracy in a soil low in organic matter also was evaluated. Three water

table depths for a given residence time were compared with rust depths to

determine which water level measurement(s) the rods most accurately

represented. The average depth was the mean of the weekly well readings for

a given residence time. The lowest depth was the single lowest level recorded

over a given residence time. The most recent depth was the level measured

when the rods were removed.

Two different reference points for defining the limits of rust formation on

the rods were established based upon preliminary examinations of rusting

patterns on the rods: 1) the lowest depth of formation of a strong rust band,

i.e., rust completely encircling a portion of the rod, and 2) the lowest limit of

rusting on the rod. Rust was defined as any orange/orange-brown/orange-

black substance encrusted on the surface of the rod, as opposed to a

discoloration of the rod. Often, the lower end of a rust band was comprised

of broken rust, that is, rust which did not completely encircle the rod. Rust in

this pattern was considered part of the band as long its upper limit was

continuous with the band at some point around the rod. Rusting was also
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classified as a band in situations in which a discrete zone of rusting did not

completely encircle the rod (i.e., the rust appeared to be in the process of

forming a band). In both of these cases, the lowest depth of the rust band

was measured as the lowest extent of the broken rust. Rust measurements

were made to the nearest 0.1 cm, using the above ground end of the rod as

the zero mark.

Four different residence times--4, 6, 8, and 10 weeks--were tested in each

plot. Five rods were tested for each residence time. Accuracy of the rods was

tested in peat, sand, and clay wetland soils. Accuracy was also compared

between vegetated and unvegetated plots in sand to determine the effect of

the presence of vegetation on rod accuracy in soil low in organic matter. To

verify assumptions about soil organic content, total organic carbon content was

measured as ash-free dry weight in soil samples taken from the surface and

from 15-30 cm below the surface. In addition, weekly water level

measurements for each wetland were used to identify possible relationships

between hydrologic regime and rod accuracy for each soil. Finally, general

descriptions of, and difficulties in discerning rusting patterns on the rods, were

compiled.

Variations in rusting between rods in the same replicate sets of five rods

for each residence time were assessed for all replicate sets. Variation within

replicate sets was compared for the different reference points (band and
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lowest limit), residence times, and soil types.
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RESULTS

Accuracy

Accuracy results apply to a median rust value derived from the five rods

that were tested from each residence time. Data were analyzed two ways.

Since significant differences between residence times were not apparent, data

from all residence times were combined and analyzed as a unit. In addition,

data for 4 weeks were also analyzed separately, since 4 weeks has been

previously recommended as a minimum residence time (Carnell and Anderson

1986). Unless otherwise noted, data for the replicate plots in the clay and

sand soils were combined since analyses indicated no differences (P > 0.05)

between plots in each soil.

Effect of Different Reference Points

Rust band measurements were more accurate indicators of the average,

lowest, and most recent water table depths than was the lowest limit of rusting

(Table 2). However, the correlations between the lowest limit of rusting and

lowest water depth actually may have been higher than those reported. Since

water levels in the wells were measured weekly, it is possible that the actual

lowest water depth could have been lower than the one recorded, thus

increasing the correlations between the lowest limit of rusting and lowest water

depth.

Although correlations for the lowest limit of rusting were strongest with
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Table 2. Correlations between median rust measurements and water table
depths for rods from all residence times and a 4-week residence time. Data
from all test plots were included.

Water Table Depth Rust Band Lowest Limit

ALL TIMES (n = 49)

AVERAGE 0.86 0.32
(P<0.0001) (P=0.027)

LOWEST 0.87 0.43
(P<0.0001) (P=0.002)

MOST RECENT 0.86 0.33
(P<0.0001) (P=0.022)

4 WEEKS (n = 22)

AVERAGE 0.83 0.31
(P<0.0001) (P=0.157)

LOWEST 0.80 0.45
(P<0.0001) (P=0.035)

MOST RECENT 0.77 0.36
(P<0.0001) (P=0.105)
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lowest water depths, scatterplots revealed a poor relationship. Some rust

readings closely approximated the corresponding water depths, while others

over- or underestimated them. Therefore, the lowest limit of rusting was

excluded from further accuracy analyses.

Effect of Residence Time

Regressions of median rust band depth on water depth plus an indicator

variable for residence time, showed that differences between residence times

were not significant (P > 0.05) for any of the water table depths or soils.

However, small sample sizes for the longer residence times may have hidden

actual differences between residence times. In addition, regressions of median

rust band measurements on water table depths were most significant when

data from all residence times were included (Table 3). Thus, it is possible that

length of residence time affects rod accuracy.

Effect of Soil Type and Presence of Vegetation

Rod accuracy varied between soils (Table 3). The rods were the most

accurate in the peat soil. Rust band measurements for the peat rods closely

predicted average and most recent water table depths during a 4-week

residence time, however, the rod sample size was small (n=5). When data

from longer residence times were included, the rods best indicated most recent

water levels, but still reliably estimated average water table depths. In clay

soil, the rods best approximated average water table depths, although r2 values



Table 3. R-squared (r2) values, significance levels, and equations for significant regressions (P < 0.10) of median rust
band measurements on water table depths. For regression equations, y = depth of rust band formation (cm), and x
depth of water table (cm). Standard errors of slopes and intercepts are in parentheses. Data were combined for both
plots in the SAND and CLAY soils.

Water Depth

PEAT SAND
All Times 4 Weeks All Times 4 Weeks

(4 wks n=5) (n=5) (4 wks n=11) (n=11)
(6 wks n=3) (6 wks n=7)
(8 wks n=2) (8 wks n=5)
(10 wks n=2) (10 wks n=4)

CLAY
All Times 4 Weeks
(4 wks n=6) (n=6)
(6 wks n=3)
(8 wks n=1)

AVERAGE 0.71
(P=0.0006)

LOWEST

y= -25.94 + 2.02x
(10.88) (0.41)

0.14
(P=0.230)

MOST RECENT 0.82
(P<0.0001)

y= -13.61 + 1.45x
(6.10) (0.21)

0.95
(P =0.005)

y= -19.26 + 1.66x
(6.03) (0.22)

0.23
(P=0.427)

0.92
(P=0.009)

y= -6.17 + 1.14x
(5.30) (0.19)

0.18
(P=0.025)

y= 9.09 + 0.28x
(3.16) (0.12)

0.13
(P =0.067)

y= 7.55 + 0.31x
(4.69) (0.16)

0.21
(P=0.015)

y=11.27 + 0.21x
(2.07) (0.08)

0.31
(P=0.073)

0.55
(P=0.014)

y= 4.82 + 0.45x y= 15.17 + 0.71x
(5.82) (0.22) (14.34) (0.23)

0.17
(P=0.203)

0.30
(P=0.080)

y= 8.57 + 0.32x
(4.14) (0.16)

0.47
(P=0.028)

y= -4.71 + 0.83x
(23.52) (0.31)

0.41

(P=0.047)

y= 11.27 + 0.63x
(20.24) (0.26)

0.54
(P=0.096)

y= 15.33 + 0.54x
(14.84) (0.25)

0.33
(P=0.233)

0.27
(P=0.292)
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were considerably lower than for peat. Rods were poor estimators of water

table depths in the sand. A maximum of 31% of the variation in rust band

measurements was explained by variation in water depths.

The presence of vegetation had no effect on rod performance in the sand

soil (Table 4). Multiple regression analyses of median rust band

measurements on water depths did not detect significant differences (P < 0.05)

between the vegetated and unvegetated plots. Separate regression analyses for

each plot also failed to demonstrate any notable differences between plots. It

was hypothesized that differences in rod accuracy between the vegetated and

unvegetated plots in the sand soil may occur due to differences in the level of

organic matter in the soil in each of the plots. However, levels of organic

matter were similar in both plots: total organic carbon (TOC) content of soil

samples taken in vegetated and unvegetated areas of the sand wetland ranged

from 0.4-3% for samples taken from both areas. Average TOC values for

surface samples were 0.9% (SE= 0.2) for unvegetated and 1.2% (SE= 0.1) for

vegetated areas. Average TOC values for samples taken at depth were 1.3%

for unvegetated areas (SE= 0.3) and 0.5% for vegetated areas (SE= 0.1). By

contrast, TOC content of soil samples taken in the peat wetland ranged from

29-58% (mean= 39.5%; SE= 0.8) for surface samples and 0.8-12% (mean=

3.7%; SE= 0.2) for samples taken at depth.

Rust band measurements did not directly estimate water table depths
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Table 4. R-squared (r2) values for regressions of median rust band
measurements on water table depths for plots in sand soil.

UNVEGETATED VEGETATED
Water All Times 4 Weeks All Times 4 Weeks
Depth (n=15) (n=6) (n=12) (n=5)

AVERAGE
0.11 0.43 0.22 0.58

(P=0.22) (P=0.16) (P=0.13) (P=0.13)

LOWEST
0.06 0.22 0.15 0.36

(P=0.40) (P=0.35) (P=0.21) (P=0.29)

MOST RECENT
0.13 0.26 0.32 0.57

(P=0.18) (P=0.30) (P=0.05) (P=0.14)
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accurately in the sand and clay soils. However, significant relationships (P <

0.10) between rust and water table depths were found for each of the soils

(Table 3). Thus, rod performance was consistent enough to allow estimates of

average water table depths to be derived for each of the soils using regression

equations. The precision of the estimates, however, varied greatly between

soils, as indicated by the 95% calibration intervals (i.e., 95% prediction

intervals for estimates of average water table depth at a given value of rust

band depth), calculated using the average of the median rust band

measurements for a soil as the y-predictor. Estimates of average water table

depth were most precise for the peat soil (Fig. 2). For the regression

including all residence times from peat soil, a rust band measurement of 27 cm

had a 95% calibration interval for the corresponding average water table depth

of 24.6 cm - 27.8 cm. Estimates of average water table depth were more

variable in the sand and clay soils. In sand, a rust band measurement of 16

cm had a 95% calibration interval of 9.2 cm - 29.6 cm; in clay, a rust band

measurement of 56 cm had a 95% calibration interval of 30.3 cm - 82.9 cm.

The location of the rust bands in relation to the surface of the water

table differed between soils. In peat, rust measurements closely estimated
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Figure 2. Regressions and 95% calibration intervals of median rust band depth on average
water depth in the peat soil for (a) rods from all residence times, and (b) rods from a
residence time of 4 weeks only.
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actual water depths, particularly in late summer (Fig. 3a). However, in both

the clay and sand soils, the bottom of the rust bands tended to form above the

surface of the water table (Fig. 3b-d).

Water table levels decreased in each of the wetlands throughout their

respective study periods. Overall decreases in water levels in both the peat

and sand wetlands during six months were small, approximately 10-15 cm (Fig.

3a-c). The clay wetland, however, exhibited a large, rapid decrease in water

depth during the course of the study (Fig. 3d). Water levels remained high

and fairly constant from January through mid-April, then decreased

approximately 40 cm in one month. Water levels continued declining for the

remainder of the study.

The large, rapid decrease in water depth in the clay wetland had a

distinct effect on rust formation. Rods, with a 4-week residence time, which

were placed in the ground while water levels were decreasing (April-July),

formed rust above the most recent water depth and at a height on the rod

which corresponded to a weekly water depth measured approximately one

month earlier. This one month lag time in rust formation also occurred in one

6-week rod set, but did not occur in an 8-week set installed during the

decrease. Although a lag time occurred, significant (P < 0.05) relationships

existed between water table depths and rust band data from all residence

times (Table 3).
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Figure 3a. Median rust band depth at the end of a residence interval and weekly
measurements of water table depth for the peat soil, May through October, 1989. Both rust
and water measurements were plotted relative to the elevation of the reference bar.
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Figure 3b. Median rust band depth at the end of a residence interval and weekly
measurements of water table depth for the unvegetated plot in the sand soil, May through
October, 1989. Both rust and water measurements were plotted relative to the elevation of
the reference bar.
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Figure 3c. Median rust band depth at the end of a residence interval and weekly
measurements of water table depth for the vegetated plot in the sand soil, May through
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Patterns of Rust Formation

The rods had two general patterns of rust formation. Sixty-three percent

of the rods examined formed a rust band, often not completely encircling the

rod, with speckling of rust farther down the rod. For the remainder of the

rods, the bottom of the band was the lowest limit of rusting. The end of a

rust band was, however, often difficult to discern. From the top to the bottom

of a band there was frequently a gradual blending of color and a thinning of

the band accompanied by discontinuities in the rusting.

Rods from the peat and clay soils had some unique characteristics. The

rust bands on rods from the peat soil were a darker shade of orange than

those from the sand and clay soils. In addition, oxidation of the iron in the

rods from the peat soil was sometimes complete, causing a few of the rods to

snap at the level of the rust band when pulled out of the ground. Rods in the

clay soil formed the heaviest and most discrete rust accumulations. A strong,

bright rust band was often present high on the rod, but farther down the rod,

only concentrated spots or streaks of bright orange surrounded by duller

orange or orange-brown were present. Thus, it was often difficult to discern if

an area of accumulation was actually rust or a clay film.

Comparability Between Rods

Variability between rods in the same replicate sets of five rods for each

residence time was assessed for the different reference points, residence times,
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and soil types. Rust band measurements exhibited less variability within the

replicate groups than the lowest limit of rusting. One-way analysis of variance

including data from all plots and using replicate as the factor estimated a

pooled variance of 58.1 cm for rust band and 86.8 cm for lowest limit of

rusting measurements. Plots of residuals versus residence time failed to display

any trends. The clay plots had the highest variability within replicate sets

(mean SD for rust band measurements = ±7.9 cm). Variability of rust band

measurements within replicate sets was lower in peat (mean SD = ±2.3 cm)

and sand (mean SD = ±2.6 cm). One explanation for the large variation

between replicate rods in the clay soil was the difficulty in determining the

actual extent of rusting on the rods.
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DISCUSSION

The results of the test of the rusty rod technique reported here indicate

that the technique has serious limitations. Accuracy and precision of water

table estimates derived from the technique varied with soil type, and the rods

did not reliably record rapid changes in hydrology. A clear boundary between

the rusted and unrusted portions of the rods frequently did not occur, resulting

in considerable uncertainty in identifying the depth of rust formation.

The rods were used to estimate water table depth in peat, sand, and clay

soils. Reliability of the technique varied with soil type (Table 3). Estimates

were most accurate and precise in peat. Accuracy was lowest in sand, even

though the study site was adjacent to the peat wetland and hydrologically

connected to it.

Regression equations could be used to predict water table depths from

rust band measurements since significant relationships (P < 0.10) were found

for each of the soils (Table 3). However, the level of significance and degree

of precision varied with soil type. Regional climatic factors (precipitation and

temperature regimes) affect wetland hydrologic regimes and can influence the

rate of corrosion of steel in soil. Furthermore, wetland specific factors such as

soil texture, organic content and pH can also influence corrosion rates.

Therefore, the prediction equations derived from this study are only applicable

to this study. Anyone considering relying on the use of prediction equations to
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estimate water table depths from rust band depths should also consider the

required accuracy and precision of the data. If the study has stringent

requirements, a test of the rods should be performed prior to the study so that

the accuracy and precision of the data obtained can be evaluated relative to

study requirements.

The rods exhibited a one-month lag time in rust formation during rapidly

falling water levels in clay. Similar results were obtained in North Carolina in

loam soils and during rapid increases in water level in peat soils (Bridgham et

al. in press). Data from peatlands in Finland, however, demonstrated that

depth of oxygen penetration quickly equilibrated with water table depth during

periods of steadily increasing water levels (Lande 1969). Thus, during

conditions of rapidly increasing water levels, it is possible that relict rust on the

rods may dissolve quite rapidly and the rods may respond accurately to

seasonally increasing water table levels.

Routine application of the technique to wetland delineation is not

advised. The current federal criteria for a site to be identified as having

wetland hydrology include short-term changes in hydrology. For example, the

water table must be less than 15 cm from the surface for one week or more

during the growing season for a somewhat poorly drained mineral soil to have

wetland hydrology (Federal Interagency Committee for Wetland Delineation

1989). The rods may not accurately record such short-term (< 2-4 weeks)
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fluxes.

The rusty rod technique may have utility in specific situations. For

example, the technique may be needed to supplement conventional monitoring

methods to increase information on spatial variability or to minimize sampling

impacts on sensitive sites. In these cases, the technique should be applied with

caution. The following conditions should be met:

1) Prior knowledge of the wetland's hydrologic characteristics is required.

The technique should not be used if a site is known to exhibit large (>30

cm), rapid changes in water levels. Reliable performance under such

conditions is unlikely because minimum residence times of 4-6 weeks

under relatively constant conditions are required for adequate rust

formation.

2) The technique should be used in conjunction with standard methods to

monitor water levels. Measurements from the rods must be interpreted

in relation to data from a water well or piezometer.

3) The lowest extent of rust band formation on a rod should be used as the

measure of the depth of rusting. The lowest limit of rusting on the rods

was an unreliable indicator of water table depths within replicate sets,

residence times, and soil types.

The effort needed to satisfy these conditions restricts the use of the rusty rod

technique for routine monitoring of subsurface water levels. Its use should be
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confined to situations where the use of standard methods must be limited.
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COMPARISON OF EMERGENCE TRAPS AND BENTHIC CORES
FOR SAMPLING THE MACROINVERTEBRA'TES IN

A FRESHWATER, EMERGENT WETLAND



40

BACKGROUND

A variety of methods exist for sampling the invertebrates of freshwater

environments. Sampling devices developed for use in lakes and streams are

not readily adaptable for use in the shallow water, unconsolidated substrates,

and dense vegetation of wetlands. The need for the development and testing

of techniques for sampling the invertebrates of wetlands is imperative. Basic

research is needed on the composition and diversity of wetland invertebrate

communities, in addition to information on the biology, ecology, and functional

roles of invertebrates in wetlands. Research efforts should focus first on the

ecologically and economically important groups in wetlands such as the

Chironomidae, and results should be used to develop effective wetland

management plans (Murkin and Batt 1987). Fundamental research is also

needed on the invertebrate communities of wetlands that have been created or

restored as mitigation for wetland losses permitted under Section 404 of the

Clean Water Act. Information on the success of wetland creation and

restoration projects is limited by region, wetland type, and wetland function

(Kusler and Kentula 1990). Comparisons on the invertebrates of natural

wetlands and those wetlands that have been created or restored will enable

wetland scientists and managers to better determine if created or restored

wetlands are actually providing the valuable habitat, water quality, and nutrient

cycling functions of natural systems. However, a hindrance to making these
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comparisons is the lack of cost-effective, reliable methods suitable for sampling

wetland invertebrates.

The choice of an invertebrate sampler and the timing, frequency, and

duration of sampling depend on the specific objectives of the study, life-history

traits of the organisms of interest, and physical characteristics of the wetland

(substrate, water depth, type and amount of vegetative cover). The amount of

funding available can also influence an invertebrate sampling program.

Invertebrates have been shown to be reliable bioindicators of certain water

quality and habitat conditions in wetland environments (Adamus and Brandt

1990). However, agencies responsible for conducting such biomonitoring

typically have limited funding. Therefore, dependable, cost-effective

invertebrate sampling techniques are essential for biomonitoring purposes.

Two quantitative methods that have been recommended to sample the

invertebrates of wetlands are substrate removal devices (corers, grabs) and

emergence traps (Merritt and Cummins 1984). The methods differ in the

organisms sampled by each, and the time scale and ecological relevance of the

data gathered from each. Emergence traps yield a continuous record of the

adult insects emerging from a given area of substrate, vegetation, etc., over a

specific length of time (i.e., emergence data provide a measure of realized

"productivity", taking into account the cumulative effects of growth, mortality,

and predation (Davies 1984)). Substrate removal devices, however, provide a
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complete inventory of all invertebrates (insects plus others) present in a given

amount of substrate at a point in time (i.e., benthos data provide a measure of

standing crop).

A large proportion of the abundance and diversity of the benthic infauna

of a wetland is likely to be comprised of insects that do emerge as adults (e.g.,

the Diptera). Therefore, the use of emergence traps, in some situations, may

be a practicable alternative to costly benthic sampling programs. Although

initial investments for the construction of some types of traps can be

substantial, labor costs for collecting benthic samples and for sample sorting

(removing invertebrates from detritus, plant parts, etc., in samples) are often

prohibitive, and may prevent an adequate number of samples from being

processed. Since substrate sorting costs are eliminated with emergence traps,

their use may prove more cost-effective in the long run. Furthermore, insect

identification to the family level, which is often an appropriate level for

functional classifications in aquatic ecosystems, (Department of Interior 1988)

may be made just as quickly with adults as with larval forms. For more

taxonomically intensive studies, adults may also provide an opportunity for

greater taxonomic resolution, since the larval taxonomy of so many groups is

poorly known. In addition, the unit area sampled by emergence traps is

usually larger than that sampled by benthos samplers. Since the traps

integrate over a larger area, the variation between replicate samples within a
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habitat type may be lower. Finally, emergence traps sample all habitat layers

within a wetland (i.e., insects emerging from the benthos, water column,

submerged and emergent vegetation) and may provide a better overall

estimate of insect diversity within a wetland.

This study compared emergence traps and a benthic coring device for

sampling the invertebrates of a freshwater, emergent wetland. The fauna

captured by each technique, disparities between the techniques in sampling

certain taxa, and factors potentially affecting the abundance estimates of taxa

were elucidated. Furthermore, the efficiency of each technique, expressed as

the number of samples required to achieve a desired level of precision in

estimating abundances of the dominant invertebrate group, the Chironomidae,

was evaluated.
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STUDY STYE

The study site was a 5-hectare, freshwater, emergent wetland located

within the Coast Range Ecoregion (Omernik 1987) in the vicinity of Seaside,

Oregon (approximately 128 km northwest of Portland, Oregon). The wetland

lies within a parallel ridge sand dune system known as the Clatsop Plains

(Cooper 1958). The wetland was created in 1987 as compensation for the

filling of a nearby natural wetland. The site was located immediately west of a

low sand dune ridge; a natural freshwater emergent/scrub-shrub wetland

occupied the depression immediately east of the same ridge. A stream and

several excavated channels cut through the dune ridge resulted in direct

hydrologic connections between the wetlands. Hydrologic inputs into both

wetlands included groundwater, runoff, and streamflow.

The study was conducted during the wetland's second growing season.

Shallow standing water (< 0.5 m) was present throughout most of the wetland

during the study period. Areas of both open water and emergent/submergent

vegetation were present. Open water made up approximately 30-40% of the

area of the surface water during mid-summer. Dominant plant species were:

Juncus articulatus L., Eleocharis palustris (L.) R.& S. , Juncus acuminatus

Michx., and Potamogeton foliosus Raf.
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METHODS

Samples of the invertebrate community were taken within areas of open

water and standing water with emergent and submergent vegetation (Fig. 4).

Each habitat was sampled using both 0.25-m2 emergence traps and a 10.2-cm

diameter (0.008-m2) substrate coring device. A numbered grid, with each cell

representing approximately four square meters, was placed over a map of the

wetland. A random numbers table was used to determine the order in which

invertebrate sampling stations were chosen. Four emergence traps were

randomly placed in each habitat and operated continuously from mid-April

through September, 1989. Monthly core samples of the benthos were taken

near the beginning of each month from May-September. Core samples were

taken immediately adjacent to the traps, avoiding those areas previously

sampled or disturbed by trap installation or emptying. Three cores were taken

near each trap so that a total of 12 cores were taken in each habitat during

each month. Each trap sampled an area of 0.25 m2. The three cores taken

near each trap sampled a total area of 0.025 m2.

A preserving type emergence trap was specifically designed for wetland

sampling following the general considerations outlined in Davies (1984)(Fig. 5).

Trap bodies were constructed from cellulose acetate butyrate and Lumite

netting (32 mesh per inch). A weighted hoop of PVC pipe was sewn around

the bottom of the netting. The trap body was suspended by a PVC cross
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support which was clamped to rebar driven solidly into the substrate. The trap

was set so that 5-10 cm of the netting was submerged. To compensate for

changes in water level, the trap was raised or lowered on the rebar. Each trap

also had an additional netting piece which could be attached to extend the

height of the trap in areas with vegetation over 30 cm tall. Vegetation

growing inside each trap, that was taller than the height of the trap, was

clipped as necessary. Pure ethylene glycol was used as the preservative in the

collecting head. Invertebrates were removed from the traps weekly and

preserved in 95% ethanol.

Samples of the benthos were obtained by driving a section of 10.2-cm

diameter (0.008-m2) PVC pipe approximately 15 cm into the substrate and

evacuating the contents using a hand-operated diaphragm pump (Guzzler

brand). The pump was mounted on an inner tube that could easily be floated

from station to station. Samples were washed and sieved in the field using a

0.58-mm mesh sieve bucket. Benthic samples were preserved with 95%

ethanol and were sorted in the laboratory under a magnifying lens. Rose-

bengal stain was added to samples with large amounts of detritus to facilitate

removal of invertebrates.

Most larval and adult insects were identified to the family level, using

Merritt and Cummins (1984), and with the aid of expert biotaxonomists,

Robert W. Wisseman and Martin Dieterich (Department of Entomology,
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Oregon State University). The Chironomidae were identified to subfamily.

Since the lowest possible level of taxonomic identification often differs for

adults and larvae of the same genus or species, the family level was used to

facilitate the most direct comparisons between the techniques. Non-insect

invertebrates found in the benthic samples were identified to the lowest

possible taxonomic level using Pennak (1989). Representative individuals of

each taxon will be archived at the Oregon State University Entomology

Museum in Fall, 1991.
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RESULT'S

Composition of Samples

Aquatic insects dominated the emergence and benthic samples in both

habitats for all months (Tables 5,6; Appendices). Semi-aquatic or terrestrial

insects made up the remainder of invertebrates present in the emergence

samples; mollusks and non-insect arthropods comprised the rest of the benthic

samples. The family Chironomidae alone accounted for at least half of the

aquatic insects collected in most months. The sharp decrease in the numbers

of insects in the May emergence samples was the result of the intrusion of

saline water into the wetland in early May. Streamflow out of the study site

eventually reaches an estuary about 1 km downstream. Tidegates, in place

since the early 1900's, prevent tidal inundation of the wetland. However,

removal of a tidegate on or about May 6 resulted in direct tidal flow into the

study site for about four days, until the gate was replaced. Benthic samples

for May were not affected, however, because they were taken before the saline

water intrusion.

Family Richness

Emergence traps caught the same number or more aquatic insect families

than did benthic cores from both habitats in all months (Table 7). In

addition, the traps sampled a broader range of the wetland insect community;
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Table 5. Total monthly abundances (number per m2) of invertebrates and proportions of
aquatic insects and Chironomidae sampled by each technique. Although Cladocera,
Copepoda, and Ostracoda were present in some of the benthic samples, they were not
enumerated. Four emergence traps each in open water and vegetation sampled continuously
from mid-April through September. Samples of the benthos were taken from May through
September near the beginning of each month. Three cores were taken near each trap. The
four traps in each habitat sampled a total area of 1 m2; the twelve cores in each habitat
sampled a total area of 0.1 mZ.

Emergence Traps
April May June July Aug Sept

OPEN WATER (n = 4 traps)

Total invertebrates (m-2) 8176 276 15868 32220 7460 20604

Aquatic insects 99.7 100.0 99.9 99.9 99.9 98.1
(% of total)

Chironomidae 91.1 52.2 99.3 97.0 93.1 94.9
(% of aquatic insects)

VEGETATION (n = 4 traps)

Total invertebrates (m-2) 3620 644 2024 5728 4528 3804

Aquatic insects 97.2 100.0 98.4 94.8 91.2 85.8
(% of total)

Chironomidae 87.2 47.9 83.0 69.1 51.5 37.0
(% of aquatic insects)

Benthic samples
May June July Aug Sept

OPEN WATER (n = 12 cores)

Total invertebrates (m-2) 33673 24217 144669 32070 116808

Aquatic insects 93.3 95.6 98.8 82.4 97.1
(% of total)

Chironomidae 95.5 97.7 99.5 93.1 96.6
(% of aquatic insects)

VEGETATION (n = 12 cores)

Total invertebrates (m-2) 15418 16569 47488 19036 64715

Aquatic insects 66.1 88.9 95.8 90.0 79.9
(% of total)

Chironomidae 64.5 77.0 77.1 28.9 28.9
(% of aquatic insects)



Table 6. Invertebrate taxa captured by emergence traps and benthic cores for each month, and relative commonness of taxa in the emergence
and benthic samples. "0" indicates the open water habitat; "V" the vegetated habitat; "E" indicates the taxon was caught by emergence trap; "B"
indicates the taxon was caught by benthic core. A blank space means that the taxon was not captured. Benthic samples were not taken in April.
A commonness ranking was assigned to each taxon representing its average relative abundance for all months in which captured (from Appendix
1). If a taxon was captured during a single month, its ranking was based on its relative abundance for that month only. Rankings were assigned
separately for each technique and habitat. Commonness rankings used were:

@ abundant, taxon comprised an average, for all months in which collected, of greater than 40% of the total number of individuals
collected.

& common, taxon comprised an average, for all months in which collected, of 11-40% of the total number of individuals collected.
# rare, taxon comprised an average, for all months in which collected, of 1-10% of the total number of individuals collected.
+ trace, taxon comprised an average, for all months in which collected, of <I% of the total number of individuals collected.
- not present

A "*" indicates that the Family or Order has no strictly aquatic members (i.e., all are semi-aquatic, terrestrial, or inhabitants of emergent
vegetation.) Although Cladocera, Copepoda, and Ostracoda were present in some of the benthic samples, they were not enumerated.

Commonness of taxon
in samples

Emergence Benthic Apr it May June Julv August Sept_
Aquatic Insects 0 V 0 V 0 V 0 V 0 V 0 V 0 V 0 V
Order-Suborder

Family

Subfamily

Collembola + + + 8 E,B E,B E E,8
Ephemeroptera

Beetidae-Callibeetis sp. + + + # E B 8 E,B E E,B E,B E,8 E,B E,B
Odonata-Anisoptera

Libellulidae + + + + B B E,B E E,B B E,B B E,B
Odonata-Zygoptera
Coenagrionidee 0 N # E,B E,8 E,8 E,B B B B B 8

Hemiptera-Heteroptera
Corixidae + # 8 8 B B 8 8 B 8 8Macroveliidae + 8
Notonectidee - E,B

Hemiptere-Homoptera

nicadellidae-Helochara sp. + # - + E E E,8 E,111 E E,BTrichoptera
Hydroptilidae N N + + E E E E E E,B E E E B E,8 ELimnephilidae 0 + E E E ELeptoceridee + + + + E E,B E,B
Rhyacophilidae



Table 6 (coned)
Commonness of taxon

in samples
Emergence Benthic April May June July August Sept

Aquatic Insects 0 V 0 V 0 V 0 V 0 V OV OVOV
Coleoptera

Hatiptidae B a B

Dytiscidae

Hydrophitidae

+ + B

a
8

B

8 8

a
B

B

*Staphylinidae-Stenus sp. E E E E E

Chrysometidae-Donacia sp. E E E E E E,8

Curcutionidae E E E

Megatoptera

Siatidae + # B

Hymenoptera
Diapriidae + E E

Braconidae # E E E

Diptera
Tiputidae + # + + E,B E E,8 E,B

Cuticidae E E E,B E E,B

Psychodidae + E E E E E E

Ceratopogonidae + # g E,B E,B E,B E,8 E,B E,8 E,B E,B E,B E,B

Chironomidae

Chironominae g 8 g E,B E,8 E,8 E,8 E,B E,B E,B E,8 E,B E,B

Tanypodinae # # # E,B E,B E,B E,8 E,B E,B E,B E,B E,B E,B

Orthocladiinae # 8 + + E E E,B E,B E,8 E,B E E,8 E E,B E,B E,B

Dixidae + + B E,8 E,B E E,B

Dotichopodidae + + E E E E E E E E E E

Empididae + + E E E E E E

Syrphidae E E

*Phoridae E

Ephydridae + # + + E E,B E E,B E,B E,B E E,B E E,B

Muscidae + E E E E,B E E

*Agromyzidae + E E E E E E E

*Anthomyzidae E

*Chtoropidae E

*Lonchopteridae E E

*Micropezidae + + E E E E

*Mycetophitidae E

*Sciaridae + + E E E E E E

*unknown Diptera 1 + + E E E E E E

*unknown Diptera 2 + + E E E E E

*unknown Diptera 3 E

*Psocoptera E E E

*Strepsiptera E E

*Thysanoptera E E E E E E



Table 6 (coned)

Non-Insect Invertebrates

Hydridae
Nematoda\Nematomorpha

Oligochaeta

Amphipoda
Hyalella azteca

Corophium salmonis

Hydracarina

Mollusca
Gastropoda

Physidae

Planorbidae

Pelecypoda
Sphaeriidae

Commonness of taxon
in samples

Benthic

0 V

N

N

H N

+

May
B V

B

B B

B B

B B

B

B B

a

B

June

O V

B

8

B

8
B B

B

B
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Table 7. Number of taxa found in emergence and benthic samples in each habitat and month, based on the
taxonomic classifications in Table 6. "0" indicates the open water habitat, "V" the vegetated habitat; "E"
indicates the emergence samples, "B" the benthic samples. Four emergence traps sampled continuously in
each habitat. Tvelve benthic cores (three near each trap) were taken in each habitat near the beginning
of each month, except for April. The four traps in each habitat sampled a total area of 1 m2. The 12 cores
in each habitat sampled a total area of 0.1 m4.

April May June July August Sept
0 V 0 V 0 V 0 V 0 V 0 V

No. aquatic insect taxa E = 9 14 11 15 9 16 16 20 13 19 16 19
B = 8 11 7 16 7 18 9 18 10 16

No. other insect taxa E= 2 2 0 1 3 2 5 10 2 13 8 11
B= 0 0 0 0 0 0 0 1 0 1

Total No. insect taxa E = 11 16 11 16 12 18 21 30 15 32 24 30
B = 8 11 7 16 7 18 9 19 10 17

No. non-insect taxa B= 5 7 5 6 5 6 5 5 4 4
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traps captured adults of aquatic, semi-aquatic, and terrestrial families while

benthic cores captured larvae of aquatic families only.

Some taxa were collected in much greater numbers by one of the

techniques (Table 8). Life-history characteristics explain some of the

differences. For example, adult Corixidae and Coleoptera inhabiting the water

column and found in the benthic samples, were rarely captured by emergence

traps. Also, the Sialidae pupate and emerge on land and were not collected in

the emergence traps since sampling was done in areas with standing water.

Conversely, Hymenoptera and Strepsiptera larvae are parasites of adult insects

and were captured only in the emergence traps. The adults of many non-

aquatic insects and some aquatic Diptera inhabit the aerial portion of

emergent or floating vegetation, and the larvae of some aquatic Diptera

inhabit litter or damp soil of shoreline areas, are miners of vegetation, or feed

on the aerial portion of vegetation. Even though larvae of these groups were

not present in the benthic samples, adults were captured by the emergence

traps. Occurrences of aquatic insects migrating from larval or pupal habitats

prior to emergence have been suggested for some aquatic species including

members of the Tanypodinae (Davies 1984; Wrubleski, Univ. of Alberta, pers.

comm.). Migrations of larvae and/or pupae from shoreline habitats prior to

emergence may explain the higher abundances of some aquatic taxa sampled

by the traps.
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Table 8. Numbers of individuals collected, for the study period (April-Sept., 1989), of
invertebrate taxa that were sampled in much greater numbers by one of the techniques. For
benthic samples, totals for insect taxa include insect larvae only. Four emergence traps each
in open water and vegetation sampled continuously from mid-April through September.
Samples of the benthos were taken from May through September near the beginning of each
month. Three cores were taken near each trap. The four traps in each habitat sampled a
total area of 1 m2; the twelve cores in each habitat sampled a total area of 0.1 m2.

Taxa Emergence traps Benthic cores

Total area sampled by traps
and cores each month

2m2 0.2 m2

Total number non-insects
collected

0 828

Total number insects
collected

26244 11639

Insect Family or Order
Orthocladiinae 1257 57
Hymenoptera 477 0
Hydroptilidae 274 7
Psychodidae 237 0
Dolichopodidae 231 0
Ephydridae 221 31
Non-aquatic Diptera 221 0
Cicadellidae 173 11

Muscidae 86 1

Tipulidae 70 5

Thysanoptera 29 0
Psocoptera 20 0
Empididae 16 0
Coenagrionidae 13 345
Limnephilidae 10 0
Syrphidae 8 0
Libellulidae 6 45
Coleoptera 3 66
Strepsiptera 3 0
Sialidae 0 60
Corixidae 0 57
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The sampling of some taxa may have been biased because of the

sampling equipment. Adult odonates were too large to crawl through the

collecting heads of the traps and were found clinging to the netting inside the

lower part of the traps. The low numbers of odonates captured by the traps

may have been a result of ineffective sampling, since adults could have crawled

out of the traps. The Hydroptilidae and Orthocladiinae were sampled in much

smaller proportions by the benthic cores than by the traps. Since the early

instars of these groups may be quite small (several millimeters in length), it is

possible that larvae could have passed through the mesh of the field sieve

(0.58 mm).

Abundance Estimates

The number of samples required (nr) to estimate a mean is dependent

upon the desired precision (D, ratio of standard error to the mean), the mean

(m) and the sample variance (s2):

nr = s2 (1)
D2m2

D = 0.2 (equivalent to a standard error equal to 20% percent of the mean) is

an acceptable level of precision for most benthic samples (Elliott 1977). If

data are normally distributed, precision of D = 0.2 indicates that the true

population mean is likely to lie within about ± 40% of the estimated

population mean. Since frequency distributions of counts rarely adhere to the

normal distribution, an appropriate transformation can be applied to
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approximate the normal distribution. However, since invertebrate abundances

vary with time and sampling location, one can ultimately achieve only a rough

estimate of optimal sample size and therefore, the approximation of

untransformed data to a normal distribution is permissible (Elliott 1977).

Mean abundances (expressed as number per m2) were estimated for

populations of Chironomidae, since that group dominated both the benthic and

emergence samples. The precision of the estimates obtained from each

technique generally varied between habitats within a month and between

months for the same habitat (Table 9). Sampling done during July provided

the most consistent results between habitats and techniques. Mean values and

the precision of weekly estimates of Chironomidae emergence abundances

sometimes varied greatly from one week to the next (Table 10). The precision

of the estimates was greatest and varied least among weeks and between

habitats during July. The variation in the precision of the estimates was most

likely a result of natural variations in invertebrate numbers (except for May)

between weeks, months, and habitats. Such variations are not surprising

considering the dynamics of invertebrate populations.

The efficiency of each sampling technique also differed between months

and often between habitats in the same month (Fig. 6). The number of

emergence samples required to estimate mean adult Chironomidae abundances

to a precision of D = 0.20 (from Equation 1), was nearest to the actual



Table 9. Mean (Tc), standard error (SE) and precision (D = SE/k) of monthly Chironomidae emergence and benthic
abundances, expressed as the number of individuals per m2, measured by n samples. Four emergence traps each in
open water and vegetation sampled continuously from mid-April through September. Samples of the benthos were
taken from May through September near the beginning of each month. Three cores taken near each trap constituted a
benthic sample. Each trap sampled an area of 0.25 m2. The three cores near each trap sampled an area of 0.025 m2.
April emergence and May benthic samples were taken before the intrusion of saline water into the wetland.

CHIRONOMIDAE April May June July Aug Sept
Tc SE D )c- SE D z SE D T SE D Tc SE D x SE D

Open Water
Emergence Abundances
(n = 4) 1856+592 0.32 36+10 0.27 3936+945 0.24 7802+1615 0.21 1734+953 0.55 4796+2630 0.55

Benthic Abundances
(n = 4) 27074+3386 0.13 16961+9194 0.54 108113+31881 0.29 18465+6912 0.37 119614+36977 0.31

Vegetation
Emergence Abundances
(n = 4) 767+381 0.50 77+56 0.72 413+106 0.26 939+231 0.25 534+163 0.31 302+76 0.25

Benthic Abundances
(n = 4) 4934+1048 0.21 8479+6260 0.74 26303+9606 0.37 3701+1307 0.35 17485+14094 0.81



Table 10. Mean (5), standard error (SE) and precision (D = SE1) of weekly Chironomidae emergence abundances,
expressed as the number of individuals per m2, during each month. Four emergence traps each in open water and
vegetation sampled continuously from mid-April through September. Each trap sampled an area of 0.25 m2. Insects
were collected from the emergence traps weekly.

CHLRONOMIDAE April May June July
SE D Tc SE D -x- SE D x SE D

ALIR

-x- SE D
Sept

-x- SE D

Open Water
Week 1 105+53 0.50 17+8 0.45 35+12 0.33 1608+451 0.28 346+146 0.42 1017+318 0.31

Week 2 608+287 0.47 4+2 0.41 60+14 0.23 1597+403 0.25 679+374 0.55 2527+1480 0.59

Week 3 1143+406 0.36 15+7 0.44 993+216 0.22 2148+ 753 0.35 553+473 0.86 924+707 0.76

Week 4 2863+853 0.30 1901+691 0.36 156+41 0.26 584+132 0.23

Week 5 548+199 0.36 375+286 0.76

Vegetation
Week 1 145+52 0.36 52+36 0.68 37+22 0.60 203+58 0.29 106+30 0.28 61+8 0.13

Week 2 143+40 0.28 6+4 0.64 42+24 0.58 195+48 0.25 151+44 0.29 40+13 0.31

Week 3 479+323 0.67 19+16 0.87 116+34 0.29 192+58 0.30 183+68 0.37 87+21 0.24

Week 4 218+66 0.30 248+58 0.23 94+29 0.31 46+16 0.34

Week 5 101+31 0.31 91+40 0.44
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Figure 6. Number of samples required (nr) to estimate mean monthly
Chironomidae emergence and benthic abundances (number per m2) in open
water and vegetation from April-Sept., 1989, to a precision of D = 0.20. Four
emergence traps each in open water and vegetation sampled continuously from
mid-April through September. Samples of the benthos were taken from May
through September near the beginning of each month. Three cores taken near
each trap constituted a benthic sample. Each trap sampled an area of 0.25
m2. The three cores near each trap sampled an area of 0.025 m2. April
emergence and May benthic samples were taken before the intrusion of saline
water into the wetland.
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number taken (n=4 in each habitat) for July. The number of benthic samples

required to estimate mean monthly abundances of Chironomidae larvae was

closest to the number actually taken (n= 4 in each habitat, with three cores

taken at each sampling station) from both habitats in May. Sampling

Chironomidae emergence for one week during a month generally required

more sampling stations than continuous sampling of emergence during a month

(Fig. 7).

The number of samples required to estimate mean adult Chironomidae

abundances for the entire summer, June-September, to the desired level of

precision (D= 0.2), was similar to the number of samples actually taken.

Three traps, sampling continuously, would have been required in vegetation,

and five traps, sampling continuously, would have been required in open water.

However, the number of benthic samples required to estimate mean larval

abundances for summer, to a precision of D= 0.2, was greater than the

number of samples taken. Fifteen sampling stations (with three cores taken at

each station) would have been needed from vegetation during each month, and

nine sampling stations (with three cores taken at each station) would have

been needed from open water during each month. If sampling for

Chironomidae was conducted during early summer, June-July, five traps in

vegetation, and four traps in open water would have been required. To

sample Chironomidae larvae in June and July, 17 stations in vegetation and
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Figure 7. Number of samples required (nr) to estimate mean weekly
Chironomidae emergence abundances (number per m2) in open water and
vegetation from April-Sept., 1989, to a precision of D = 0.20. The nr value
plotted for each month was the average of all weekly samples within a month.
Standard error bars indicate the variability in nr values among weeks during a
month. Four emergence traps each in open water and vegetation sampled
continuously from mid-April through September. Each trap sampled an area
of 0.25 m2.
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nine stations in open water would have been necessary each month.

The precision of benthic cores in estimating mean monthly abundances of

non-insect invertebrates varied between habitats and months (Table 11). The

number of samples required, to estimate abundances to a precision of

D= 0.20, was lowest for samples from vegetation in May and August. Large

numbers of cores (27-208 individual cores per habitat) would have been

required to obtain monthly estimates of abundances in open water habitats,

monthly estimates in vegetation during June, July, and September, and to

obtain a mean value for the entire summer (with monthly samples from June-

September).

Labor costs for processing benthic samples were several times greater

than costs for emergence samples. The average time to sort invertebrates

from detritus in one benthic core from open water (n=55) was 41.8 minutes

and from vegetation (n=57) was 47.7 minutes. By contrast, the average time

to completely process, sort and identify, the organisms in one emergence

sample (insects collected from one trap over one week) from open water

(n=80) was 17.6 minutes and from vegetation (n=66) was 12.9 minutes. For

the entire study, labor costs for processing emergence samples were only about

30% of costs for processing benthic samples. Thus, costs for sample

processing can be a significant consideration when choosing an invertebrate

sampler.



Table 11. Mean (TO, standard error (SE) and precision (D = SEX) of monthly benthic densities (number per m2) of
non-insect invertebrates measured by n samples. Samples of the benthos were taken from May through September near
the beginning of each month. Three cores at each sampling station constituted a benthic sample. The three cores
sampled a total area of 0.025 m2.

NON-INSEC IS May June July Aug Sept
x SE D x SE D T SE D T SE D T SE D

Open Water

Benthic Densities
(n = 4) 1696+860 0.51 802+336 0.42 1326+640 0.48 4225+2380 0.56 2559+1267 0.50

Vegetation

Benthic Densities
(n = 4) 3917+603 0.15 1419+434 0.31 1511+743 0.49 1419+259 0.18 9745+4994 0.51



67

DISCUSSION

Data gathered on taxa richness and abundances were probably typical of

the wetland invertebrate community for the months June through September.

The data presented for the May emergence samples were not representative of

the undisturbed insect community, because of the intrusion of saline water into

the wetland in early May. However, invertebrate abundances from both

benthic and emergence samples taken in June were not markedly lower than

abundances from samples taken before the intrusion, and the taxa found in

emergence samples taken in April and June were generally similar (Tables

5,6). Therefore, I feel that the invertebrate community within the wetland

recovered quickly from the disturbance.

In this study, use of emergence traps proved more cost-effective than use

of benthic cores for assessing the insect diversity of a freshwater wetland.

Continuous sampling during a month with emergence traps caught more insect

taxa and a greater variety of insect taxa than did monthly core samples of the

benthos. On a monthly basis, emergence traps provided more precise

abundance estimates of the dominant taxonomic group, the Chironomidae,

than did benthic core samples. For an estimate of mean Chironomidae

emergence for the entire summer, June-September, four or five traps per

habitat would have been required, while nine to fifteen benthic sampling

stations per habitat (with three cores taken at each station) would have been
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needed for estimates of mean larval Chironomidae abundances in the benthos.

Labor costs for the emergence samples (not including trap construction) were

about 30% of the labor costs for the benthic samples. Subsampling of the

dominant groups would have reduced processing costs for both benthic and

emergence samples. However, since little to no sorting of insects from

substrate is necessary with emergence samples, even with subsampling, costs

for processing emergence samples still would have been significantly less than

costs for benthic samples. Also, it would have been impossible to effectively

subsample many of the benthic samples, because of clumps of algae and

detritus present in them.

Sampling efficacy of both techniques varied depending on the taxonomic

group. A few aquatic taxa were collected in much greater numbers by

emergence traps than by benthic cores. It is possible that adults of some taxa

may actively be attracted to the traps as refuge (Davies 1984). However, it is

unlikely that a trap of this design creates an artificial microhabitat within the

trap space, since Lammers (1977) concluded that microenvironmental effects

on temperature and light within a wetland emergence trap with an all-netting

body were insignificant. She reported that both maximum and minimum air

temperatures were moderated inside the trap and light quality was not

significantly reduced. Moreover, she found that light intensity inside the traps

was reduced from ambient levels but plant growth inside the traps was not
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impacted. In addition, although not directly tested either in this study or by

Lammers, it is reasonable to assume that water temperatures beneath the

traps were not significantly affected by trap presence.

The precision and efficiency of both techniques in estimating population

levels of Chironomidae varied between months and habitats. Similar variations

were also evident when both traps and cores were used to sample the

Chironomidae of semi-permanent and seasonal wetlands in prairie potholes in

North Dakota (Nelson 1989). Such variability is not surprising considering the

natural variations in invertebrate numbers that occur during a season, and the

effects of habitat preferences and life history characteristics (pre-emergence

migrations or aggregations of larvae or pupae) of some taxa.

Sampling an invertebrate community throughout an entire season is

probably the most appropriate sampling scheme from which to draw

conclusions about the diversity of an invertebrate community. Thus, when

using emergence traps to sample insects, continuous sampling of emergence,

rather than sampling for just one week during a month, is necessary. When

sampling invertebrates in the benthos, frequent sampling, i.e., once or more

monthly, throughout a season is required. To completely characterize the

invertebrate community of a wetland, it may be necessary to use several

different sampling devices concurrently. For example, emergence traps or

sweep nets could be used to sample adult insects, benthic samplers or artificial
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substrates could be used to sample insects and other invertebrates present in

the benthos, and activity traps or water column samplers could be used to

sample nektonic invertebrates. Of the above devices, emergence traps, benthic

samplers, and water column samplers are quantitative devices (i.e., sample the

invertebrates present in a given area or volume). The method used in the

study wetland to sample the invertebrates in the benthos worked well in the

field. Large amounts of detritus and vegetation were able to pass through the

diaphragm housing of the hand pump without clogging it. In addition, the

invertebrates did not appear to be physically damaged by passage through the

pump.

On the basis of this study, I would generally recommend the use of

emergence traps, when possible, over benthic cores to characterize the insect

communities of freshwater wetlands. The traps provide a continuous record of

insect emergence. They are also durable, easy to set up and empty, and

relatively maintenance-free. They can be used in a variety of wetland habitats

including areas of flowing water and standing water with and without

vegetation. Since insects are preserved when captured, traps can remain in

place for extended periods of time, although frequency of emptying will

depend on the amount of insect emergence occurring and the objectives of the

study. Possible drawbacks to the design are the susceptibility of the netting to

muskrat damage and potential attraction of vandals; however, neither of these
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problems were encountered in this study. Obvious limitations of the traps are

that they do not sample non-insects, are not useful when insect emergence is

not occurring, and do not estimate larval abundances in the benthos.

In many cases, emergence traps offer an efficient means to gather

baseline information on the insect fauna of freshwater wetlands, and would be

particularly effective for monitoring changes in insect community composition

in both natural and created or restored wetlands. Such knowledge is useful to

wetland scientists when evaluating wetland creation or restoration projects and

the effects of environmental stresses, such as water pollution and other habitat

degradations, on wetlands. The level of taxonomic resolution necessary for

many invertebrate community and biomonitoring studies is at the genus or

species level. However, taxonomic identification of insects to the species level

is possible, for many groups, with adults only. Therefore, in some instances,

measurements of insect emergence may be the only possible means to

sufficiently describe the characteristics of a wetland insect community.
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Appendix 1. Relative percent abundances of taxa sampled by emergence traps and benthic cores in open water and vegetation each month.
Emergence traps were randomly placed at four sampling stations in open water (A,B,C,D) and vegetation (E,F,G,H). Traps operated
continuously from mid-April through September, 1989. Core samples of the benthos were taken near the beginning of each month from May-
September, 1989. Three cores were taken near each trap for a total of 12 cores in each habitat per month. Data for the three cores at each
sampling station were combined. Each trap sampled an area of 0.25 m2. The three cores at each station sampled an area of 0.025 m2.

Emergence Data

Collembola

APRIL MAY JUNE JULY AUGUST SEPTEMBER

OPEN

WATER VEG

OPEN

WATER VEG

OPEN

WATER VEG

OPEN

WATER VEG

0.2

OPEN

WATER VEG

0.1

OPEN

WATER VEG

0.6

Baetidae-Callibaetis sp. 0.1 0.2 0.5 0.1 0.3 0.7 0.1

Libellulidae 0.4 0.1 0.1 0.1

Coenagrionidae 4.2 2.5 0.4

Notonectidae-Notonecta sp. - 0.2 -

Cicadellidae-Helochara sp. 0.8 2.5 4.1 8.8

Terrestrial Hemiptera - - - 0.1

Hydroptilidae 7.6 3.2 32.4 6.2 0.4 0.4 0.2 0.2 0.2 0.2 0.1

Limnephilidae - 0.8 1.4 0.6 0.1

Leptoceridae-Mystacides sp. 0.1 1.4 0.6 -

Rhyacophilidae - 0.1

Hydrophilidae -

Staphylinidae-Stenus sp. 0.2 0.4 0.2 0.1 0.2

Chrysomelidae-Donacia sp. 0.2 0.2 4.2 0.6 0.6 -

Curculionidae 0.1 0.1 0.2

unknown Coteoptera 0.1 0.1 - 0.1

Diapriidae 0.1 0.3 0.6 1.4 7.9 0.3 11.7 0.2 7.2

Braconidae 0.4 8.0 0.1 2.0 0.1 2.7 0.4 2.4 0.2 1.6

Tipulidae 0.7 1.9 0.5 1.2

Culicidae-Culex sp. 0.1 0.1 0.1 0.1 0.6

Psychodidae - 0.4 0.6 0.2 0.3 1.7 0.2 20.6

Ceratopogonidae 0.8 6.3 1.4 5.6 0.1 3.6 0.7 8.9 3.9 17.2 1.8 19.3

Chironominae 89.3 81.5 42.3 30.2 95.2 44.5 92.9 39.1 84.7 26.6 90.3 8.9

Tanypodinae 0.4 1.5 3.1 0.3 2.2 1.9 5.0 7.6 4.2 1.9 3.8

Orthocladiinae 1.1 1.8 8.5 14.2 3.7 35.0 2.0 21.5 0.8 16.1 0.9 19.0

Dixidae - 0.1 0.2 - -

Dolichopodidae 1.4 19.8 3.6 3.6 0.1 5.5 1.0 1.1

Empididae 0.6 0.6 0.2 0.2 0.3 - -

Syrphidae 0.1 0.6



Appendix 1 (cont'd)

Emergence Data

Phoridae

APRIL MAY JUNE JULY AUGUST SEPTEMBER

OPEN

WATER VEG

OPEN

WATER VEG

OPEN

WATER VEG

-

OPEN

WATER VEG

-

OPEN

WATER VEG

OPEN

WATER VEG

-
0.4

Ephydridae 0.4 2.8 6.2 0.1 3.4 1.4 3.4 0.1 0.9 0.1 0.5

Muscidae - 0.3 0.2 1.7 1.3 0.1 0.6

Agromyzfdae 2.1 0.1 0.6 0.1 0.5 0.4 1.2 1.1

Anthomyzidae
- 0.4

Chloropidae
0.1

Lonchopteridae-Lonchoptera sp. 1.1 0.8

Micropezidae
0.1 0.1

Mycetophitidae
0.3

Sciaridae 0.1 0.6 0.1 0.5 0.1 1.6

unknown Diptera 1 0.3 0.1 0.3 0.2 0.4

unknown Diptera 2
0.1 0.1 0.1 0.2

unknown Diptera 3
- 0.1

Hymenoptera-terrestrial 0.2

Psocoptera
0.1 0.2 0.9

Strepsiptera
0.2 0.1

Thysanoptera 0.2 1.3 0.1 0.5

MAY JUNE JULY AUGUST SEPTEMBER

Benthic Data OPEN OPEN OPEN OPEN OPEN

WATER VEG WATER VEG WATER VEG WATER VEG WATER VEG

Collembola 0.2 - 0.2 - 0.1

Baetidae-Callibaetis sp. 0.3 0.5 6.0 3.2 0.1 3.0 1.3 1.6

Libellulidae 0.2 0.3 0.1 1.5 0.1 1.7

Coenagrionidae 0.2 1.9 1.2 0.1 3.9 0.4 14.3 0.2 13.3

Corixidae 0.5 1.5 0.1 1.0 0.5 3.0 0.4 0.3

Immature Hemiptera
- - - - 0.2

Macroveliidae 0.1

Notonectidae-Notonecta sp. 0.2

Cicadelidae-Helochara sp. 0.2 0.6 0.4 0....10

Hydroptilidae 0.5 . 0.2 0.1

Leptoceridae-Mystacides sp. 0.6 0.5



Appendix 1 (cont'd)

Benthic Data

Leptoceridae-Oecetis sp.

MAY JUNE JULY AUGUST SEPTEMBER

OPEN

WATER VEG

0.3

OPEN

WATER VEG

OPEN

WATER VEG

OPEN
WATER VEG

OPEN

WATER VEG

0.1

Hatiptidae-Haliplus sp. 0.5 0.2 0.4

Hatiptidae-Peltodytes sp. 0.1 0.2

Dytiscidae 0.5 1.4 0.5 0.4 0.4

Hydrophilidae 0.7 0.8 0.4 0.9

Chrysomelidae-Donacia sp. 0.5 -

Sialidae-Sialis rotunda 0.3 0.2 - 0.1 2.8 0.1 2.8 0.5

Tipulidae - 0.2 0.1

Cuticidae-Cutex sp. - - - - - - 0.4 1.5

Ceratopogonidae 2.8 18.9 1.2 7.2 0.3 6.6 3.5 33.9 1.1 35.4

Chironominae 79.1 26.4 91.2 65.0 95.3 62.0 71.9 10.6 86.7 5.6

Tanypodinae 8.1 14.4 2.0 2.5 1.3 10.3 3.3 13.6 2.9 15.1

Orthocladiinae 0.9 0.3 0.2 0.2 0.6 - 1.5 0.7 2.4

Chironomidae pupae 1.1 1.6 0.7 1.7 1.0 1.9 0.2 3.6 0.1

Dixidae 0.1 - 0.4 - 0.2

Ephydridae-tarvae 0.3 0.7 0.3 1.9 0.3

Ephydridae-pupae 0.3 0.2 0.5 0.2 0.1

Muscidae - 0.2 -

Higher Diptera pupae 0.2 - 0.1

Hydridae 0.3 - - - - -

Nematoda/Nematomorpha 0.2 0.8 1.7 0.3 1.3 1.1 0.2 0.3

Otigochaeta 0.5 13.9 1.5 0.3 2.5 0.4 4.8 0.4 17.3

Hyatteta azteca 0.1 7.2 0.5 4.7 0.1 0.9 0.8 2.4 0.4 1.3

Corophium satmonis 0.2 1.7 0.2 0.7 15.0 0.4 2.0 -

Hydracarina 5.6 10.4 2.0 3.0 0.1 0.3 0.1 - -

Physidae 0.2 0.1 - 1.3 1.1

Ptanorbidae 0.8 - 0.1 -

Sphaeriidae 0.5 0.2



Appendix 2. Numbers of invertebrates collected at each sampling station (A-H) for the entire study period. Emergence traps were randomly

placed at four sampling stations in open water (A,B,C,D) and vegetation (E,F,G,H). Traps operated continuously from mid-April through
September, 1989. Core samples of the benthos were taken near the beginning of each month from May-September, 1989. Three cores were
taken near each trap for a total of 12 cores in each habitat per month. Data for the three cores at each sampling station were combined.
Each trap sampled an area of 0.25 m2. The three cores at each station sampled an area of 0.025 m2.

EMERGENCE DATA
Open Water Vegetation

TRAP A TRAP B TRAP C TRAP D TOTAL TRAP E TRAP F TRAP G TRAP H TOTAL

Collembola 1 1 1 1 2 6 10

Baetidae-Callibaetis sp. 30 1 5 36 1 1 6 5 13

Libellulidae - 1 1 2 2 4

Coenagrionidae 1 6 7 6 6

Notonectidae-Notonecta sp. 1 1

Cicadellidae-Helochara sp. 1 1 2 6 12 17 136 171

Terrestrial Hemiptera 1 1

Hydroptilidae 90 49 73 17 229 20 20 3 2 45

Limnephilidae 1 - 1 1 5 2 1 9

Leptoceridae-Mystacides sp. 1 3 4 1 1 2

Rhyacophilidae - - 1

Hydrophitidae 1 1

Staphytinidae- Stenus sp. 2 2 1 5 2 2 2 4 10

Chrysomelidae-Donacia sp. 3 1 3 7 1 1 4 6

Curculionidae - - 2 1 1 4

unknown Coteoptera 1 1 2 1 3

Diapriidae 5 5 10 20 34 55 37 199 325

Braconidae 4 1 8 11 24 21 16 16 55 108

Tipulidae 13 13 1 27 18 24 1 43



Appendix 2 (cont'd)

Open Water Vegetation

TRAP A TRAP B TRAP C TRAP D TOTAL TRAP E TRAP F TRAP G TRAP H TOTAL

Culicidae-Culex sp. 1 1 - 2 4 - - 8 8

Psychodidae 1 6 2 3 12 92 118 12 3 225

Ceratopogonidae 68 43 39 91 241 166 183 190 53 592

Chironominae 6418 3996 5340 3597 19351 894 452 255 359 1960

Tanypodinae 76 126 162 51 415 8 15 33 129 185

Orthocladiinae 171 137 53 34 395 297 286 77 228 888

Dixidae 1 - - - 1 - - 3 3

Dolichopodidae 26 19 2 10 57 23 36 1 114 174

Empididae 6 6 2 3 2 3 10

Syrphidae - 8 - - 8

Phoridae - - - 3 1 - 4

Ephydridae 7 115 1 2 125 21 29 12 23 85

Ephydridae-Hydrellia sp. 1 1 - - 2 - 2 7 9
Muscidae 36 13 9 4 62 10 14 - - 24

Agromyzidae 19 14 4 35 72 13 23 6 1 43
Anthomyzidae - - - - - - 2 2 4

Chtoropidae 1 1

Lonchopteridae-Lonchoptera sp. - - - - 25 25

Micropezidae 1 1 2 1 1 - 2
Mycetophilidae - - - - - 3 - 3

Sciaridae 1 4 5 10 5 14 3 1 23

unknown Diptera 1 2 8 2 12 7 5 - 12

unknown Diptera 2 2 - 1 - 3 - 2 2 4
unknown Diptera 3 - - - 1 1

Hymenoptera-terrestrial - - - 1 1

Psocoptera 5 1 4 10 3 4 2 1 10

Strepsiptera - - - 3 3

Thysanoptera 2 1 2 1 6 1 2 5 15 23

TOTALS 6987 4564 5704 3897 1655 1349 691 1397

21152 5092



Appendix 2 (cont'd)

BENTHIC DATA

Open Water Vegetation

CORE A CORE B CORE C CORE D TOTAL CORE E CORE F CORE G CORE H TOTAL

Cottembota 1 1 2 1 2 3

Baetidae-Cattibaetis sp. 19 5 5 11 40 12 28 31 30 101

Libeltutidae 2 4 6 16 6 7 10 39

Coenagrionidae 2 1 4 6 13 60 52 59 161 332

Corixidae 12 1 6 19 1 9 4 24 38

Immature Hemiptera - 2 1 3

Macroveliidae - 1 1

Notonectidae-Notonecta sp. 1 1

Cicadellidae-Hetochara sp. 2 2 3 4 11

Hydroptitidae-Oxyethira sp. 4 4 -

Leptoceridae-Mystacides sp. 5 5 1 1 2

Leptoceridae-Oecetis sp. 1 1 1 - 1

Haliplidae-Hatiplus sp. 1 3 2 6

Hatiplidae-Pettodytes sp. - 2 - 2

Dytiscidae 2 1 1 4 6 8 3 10 27

Hydrophitidae 4 2 8 14 28
Chrysomelidae-Donacia sp. 2 2

Siatidae-Siatis rotunda 4 2 6 15 21 9 9 54

Tipulidae 1 1 - - - 4 4

Cuticidae-Culex sp. - 3 7 9 6 25

Ceratopogonidae 14 11 26 45 96 187 152 455 96 890
Chironominae 2969 1244 2290 1109 7612 241 92 448 433 1214

Tanypodinae 66 41 62 62 231 53 59 74 298 484

Orthoctadiinae 16 11 0 1 28 6 11 26 10 53

Chironomidae pupae 63 40 55 26 184 10 3 4 6 23

Dixidae - - - - 6 6
Ephydridae-larvae 2 9 3 6 20
Ephydridae-pupae 1 1 - 1 1 8 10

Muscidae 1 1

Higher Diptera pupae - 2 1 3



Appendix 2 (cont'd)

BENTHIC DATA

Hydridae

Open Water Vegetation

CORE A CORE B CORE C CORE D TOTAL CORE E CORE F CORE G CORE H TOTAL

1 1

Nematoda/Nematomorpha 9 5 1 3 18 4 7 3 10 24

Oligochaeta 7 8 2 12 29 53 67 234 28 382

Hyallela azteca 3 1 1 18 23 28 33 24 3 88

Corophium salmonis 15 114 29 51 209 1 1 1 3

Hydracarina 3 3 18 40 64 7 18 4 26 55

Physidae 3 24 27

Planorbidae 3 1 4

Sphaeriidae 1 1 2 2

TOTALS 3206 1487 2501 1403 721 595 1417 1237

8597 3970


