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 An estimated 99% of native wet prairie has been lost in the Willamette Valley, 

Oregon, but a large number of seasonal wetlands remain on private lands dedicated to 

grass seed production within the historical wet prairie landscape.  Because agriculture 

is known to alter physical and chemical wetland conditions, I investigated if aquatic 

invertebrate communities differed among annual grass seed farmed wetlands, 

perennial grass seed farmed wetlands, and native wet prairie.  I sampled 30 southern 

Willamette Valley wetlands (n = 10 in each land use category) in spring of 2009 and 

resampled 28 in spring of 2010 that are hydrogeomorphically classified as Flats.  

Invertebrate community composition in native wet prairie differed from farmed 

wetlands (A-stats = 0.37, P < 0.001).  Specifically, taxa richness (26.2 ± 1.2 in 2009 

and 27.4 ± 1.0 in 2010) and diversity (3.0 ± 0.1 in 2009 and 3.1 ± 0.1 in 2010) were 

higher.  From Indicator Species Analysis, taxa representative of wet prairie included a 

flightless beetle (Apteraliplus parvulus), a cladoceran (Dumontia oregonensis), an 



isopod (Caecidotea sp.), Calanoida copepods, and Lymnaeidae snails.  Invertebrate 

density (individuals/m
2
) did not differ among land-use groups, but biomass (mg/m

2
) in 

perennial grass wetlands was greater than annual grass wetlands both years.  Biomass 

in perennial grass farmed wetlands was also higher than native wet prairie in 2009 and 

similar in 2010.  Wetland invertebrate composition was strongly associated with 

reduced vegetation cover and increases in water turbidity and conductivity with 

farmed sites having lower cover and higher turbidity and conductivity.  These findings 

suggest grass seed farming practices such as soil tillage and field leveling have affects 

on invertebrate communities by lowering diversity and richness and altering 

community composition.  However, farmed seasonal wetlands still provide habitat for 

aquatic invertebrates, contribute to the region‟s biodiversity, and are substantial food 

resources for wildlife.  This grass seed agricultural landscape is an important seasonal 

wetland habitat and needs to be incorporated into regional conservation plans. 
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Effects of Grass Seed Agriculture on Aquatic Invertebrate Communities in Seasonal 

Wetlands of the Southern Willamette Valley, Oregon 

 

INTRODUCTION 

 

 Wetland loss and degradation in western Oregon has been substantial over the 

last two centuries.  In 1850, Oregon‟s Willamette Valley contained an estimated 

243,003 ha of wetlands.  The most abundant wetland was wet prairie, which covered 

121,488 ha and included extensive tracts in the southern Willamette Valley (Christy et 

al. 2000, Taft and Haig 2003).  Since 1850, an estimated 67% of all wetlands and 99% 

of wet prairie have been lost through drainage and land conversion (Daggett et al. 

1998, Hulse et al. 1998, Taft and Haig 2003).  Because of these losses, wet prairie has 

been identified as a critically endangered ecosystem in the Willamette Valley (Noss et 

al. 1995).   

 Although native wet prairie habitat is rare, wetlands still occur where historic 

wet prairie existed in the southern Willamette Valley and are located on private lands 

that are primarily used for agriculture.  These farmed wetlands share the 

hydrogeomorphic (HGM) classification of Flats wetlands with wet prairie (Adamus 

2001).  This wetland class is identified by the occurrence of ponding from direct 

precipitation, shallow groundwater, and poorly drained soils that impede infiltration, 

and they usually have no surface connection to streams and rivers (Adamus 2001).  

Because farmed wetlands are seasonally inundated with wet phases lasting for several 

months (Brock et al. 2003), they are recognized as ecologically important landscape 

components.  In the Willamette Valley the wet phase begin as early as October and 
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lasting through late spring, and my project was one of many efforts being made to 

quantify their role in conservation and natural resource management (Hulse et al. 

1998, Central Valley Joint Venture 2006, Oregon Conservation Strategy 2006). 

 Farmed wetlands are potentially important habitat for aquatic invertebrates that   

are widely accepted as indicators of ecosystem health and water quality (Rosenberg 

and Resh 1996, O‟Malley 1999, Cummins and Merritt 2001).  These measures of 

biological and physical habitat conditions may help predict the value of wetlands to 

other species like native amphibians and migratory waterbirds (Batzer et al. 1993, 

Anderson and Smith 2000, Taft and Haig 2005, Pearl et al. 2005).  The composition of 

aquatic invertebrate communities in seasonal wetlands typically differs from that 

found in other aquatic systems because unique hydrologic and other physical 

conditions exist that restrict the presence of some species while selecting for 

specialized physiological and life history adaptations in others (Mackay and Wiggins 

1979, Wiggins et al. 1980, Williams 1987, King et al. 1996, Williams 1996, Cummins 

and Merritt 2001).   

Farming practices change physicochemical wetland conditions including 

vegetation structure and water quality.  Vegetation communities become simplified 

because crops are planted as a monoculture.  Vegetation also may not be present when 

wetlands are inundated, which is dependent on the timing of field planting or crop 

failure from ponding.  Water turbidity and conductivity can increase due to suspended 

sediments from tillage and chemical inputs from fertilizer application.  Soil tillage and 

field leveling also alters basin topography by eliminating “hummocky” 
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microtopography that is characteristic of unaltered wet prairies (Wilson 1998, Adamus 

2001).   

Information on aquatic invertebrate communities inhabiting seasonal farmed 

wetlands is limited.  Changes in wetland conditions from agriculture have been 

associated with significant reductions in invertebrate egg banks compared to those in 

relatively unaltered wetlands (Euliss and Mushet 1999).  Disking, tilling, and 

vegetation removal can lower diversity and change community assemblages 

(Kaminski and Prince 1981, Gray et al. 1999, de Szalay and Resh 2000, Kostecke et 

al. 2005, Davis and Bidwell 2008), but invertebrate abundance and biomass is 

generally not affected (Neckles et al. 1990, Elphick 2000).  In some farmed wetlands 

invertebrate communities are dominated by taxa more tolerant of poor water quality 

(Davis and Bidwell 2008); however, in others there are no strong relationships 

between wetland invertebrate communities and agricultural land-use (Tangen et al. 

2003).  The purpose of my research was to understand how grass crop types or 

cropping practices influence invertebrate communities. 

Seasonal Wetland Invertebrate Life Histories 

Altering seasonal wetland conditions through farming practices would likely 

exacerbate the stressors acting on aquatic invertebrates that are already subjected to 

certain tradeoffs to survive and persist.  Invertebrates in these habitats have the 

advantage of developing in a rich and highly nutritional detrital environment along 

with increased primary production that is often available with little competition 
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(Williams 1987, Williams 1996, Hall et al. 1999).  However, these organisms must 

cope with varying environmental conditions, particularly dry periods that pose a 

challenge to survival (Williams 1987, Schneider and Frost 1996, Williams 1996).  At 

an Order and Family scale, these constraining factors result in lowered diversity 

compared to permanently flooded wetlands (Wiggins et al. 1980, Williams 1996, 

Williams 1997). 

Those species that can exist in seasonal wetlands have evolved three broad 

categories of adaptations to deal with seasonal drying: migration, physiological 

tolerance, and life history modification (Williams 1997).  Migration can be divided 

into active and passive dispersal mechanisms.  Active migration away from drying 

wetlands and recolonization of newly flooded wetlands is used by those species that 

mature into winged adult insects.  Some species can move to nearby permanent water 

as seasonal wetlands dry and quickly recolonize newly flooded wetlands by 

ovipositing eggs where young can grow quickly with abundant food and little 

competition (Williams 1987, Batzer and Resh 1992, Williams 1996).  Others oviposit 

in drying wetlands where eggs or larvae aestivate during the dry phase and begin 

lifecycles the next wet phase (Wiggins et al. 1980).  A few Limnephilidae 

(Trichoptera) emerge, find terrestrial refugia as sexually immature adults, and reach 

reproductive maturity when wetland conditions are favorable again (Mackay and 

Wiggins 1979). 

In contrast, invertebrates without a winged adult stage, generally non-insects, 

use passive migration as a means of dispersal (Wiggins et al. 1980, Williams 1997).  
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Many species have evolved drought-resistant eggs (Wiggins et al. 1980, Williams 

1987, King et al. 1996, Gleason et al. 2003, Brock et al. 2003) that can be dispersed by 

wind or ingested, transported, and excreted by migrating waterbirds and flying insects 

(Taylor 1978, Williams 1997, Green et al. 2002, Beladjal and Mertens 2009).  

Wingless invertebrates are known to externally attach themselves to flying 

invertebrates and have been found on waterfowl, increasing the likelihood of being 

carried to another water body (Williams 1987, Green et al. 2002).  Both of these types 

of migration strategies (i.e., active and passive) are essential to of the persistence of 

communities in seasonal wetlands and help maintain genetic diversity.  

One of the more significant and widely documented adaptations is 

physiological tolerance to seasonal drying.  This adaptation is found in many species 

that have the ability to diapause, or suspend maturation at different life stages to avoid 

mortality during the dry season, especially since insects and non-insects can choose 

optimal resting sites in substrates (Wiggins et al. 1980, Williams 1987).  Certain 

copepods even encapsulate themselves in protective cysts as immature or mature 

adults (Williams 1987).  In Wisconsin ponds with 53 day wet periods, cyclopoid 

copepods were reported to have multiple diapause events that extended maturation to 

several years (Schneider and Frost 1996).  The production of drought resistant eggs is 

included as a physiological adaptation and important to overwintering residents with 

only passive migration (Wiggins et al. 1980).  Some organisms, such as Ostracoda, 

produce a strong protective covering to ensure survival from desiccation (Williams 

1987).  However, not all taxa invest this much energy in protecting eggs and 
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significant mortality can occur during dry conditions.  The ability to withstand such 

changes in environmental conditions by evolving physiological tolerances is common 

among different taxa and geographical ranges.  Its ubiquity suggests its effectiveness 

against exposure to high temperatures and significant body water loss. 

 Life history modification is associated with internal (physiology, behavior) 

and external (wetland conditions) pressures that limit community structure and select 

for certain traits (Williams 1997).  Since climatic dry-wet cycles can greatly affect the 

duration of flooding, the duration of the wet season varies among years.  This 

variability affects invertebrate adaptations such as strong active migration, capacity to 

enter diapause, and production of drought resistant eggs (Wiggins et al. 1980, 

Williams 1987, Schneider and Frost 1996, Williams 1997).  However, invertebrates 

with a fast growth rate, short generation time, small size, and generalist feeding habits 

have a great advantage and these traits also contribute to the persistence of populations 

in seasonal wetlands (Williams 1987, Batzer and Resh 1992, Williams 1996, 

Cummins and Merritt 2001).  Modifications are also found in invertebrate behaviors.  

For example, many crustaceans have developed burrowing behavior (Williams 1987), 

and burrowed adult beetles (Coleoptera: Dytisidae and Hydrophilidae) have been 

extracted from soil cores sampled at dry wetlands in Grizzly Island Wildlife Area, 

California (de Szalay and Resh 2000).  This behavior may give these species an 

opportunity to quickly oviposit eggs with little interspecific competition at the onset of 

wetland inundation (Williams 1987).   
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These broad categories of adaptations lead to predictions about how aquatic 

invertebrate assemblages may be affected by various agricultural practices used by 

grass seed growers.  Changes in invertebrate community composition have been 

associated with not only tillage practices, but also duration of wet cycles and 

alterations to vegetation structure in non-farmed seasonal wetlands (Kaminski and 

Prince 1981, Neckles et al. 1990, Gray et al. 1999, Schneider and Frost 1996, 

Williams 1996, Hall et al. 1999, Anderson and Smith 2000, de Szalay and Resh 2000, 

Kostecke et al. 2005, Davis and Bidwell 2008).  Grass seed farming changes plant 

community structure, and long term efforts, such as leveling fields and constructing 

drainage ditches, affect topography and alter historic flooding regimes by draining 

water off the landscape quickly. Therefore, farming practices such as tilling will most 

likely decrease some aquatic invertebrate reproductive and behavioral success (Euliss 

and Mushet 1999, Gleason et al. 2003). 

Objectives 

In this thesis, my primary objective was to quantify aquatic invertebrate 

community composition, richness, diversity, density, and biomass within and among 

three land-use practices of seasonal Flats wetlands in the southern Willamette Valley: 

1. Native wet prairie (REF) 

2. Farmed wetlands within perennial grass seed fields (PF) 

3. Farmed wetlands within annual grass seed fields (AF). 
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I predicted that native wet prairie community assemblage would differ from farmed 

wetlands and have the highest richness, diversity, density, and biomass estimates.  

Wetlands in annual grass seed fields, which have the highest frequency of soil 

disturbance from farming practices, would have an altered invertebrate community 

structure with lower richness, diversity, density, and biomass than wetlands in 

perennial grass seed fields.  These differences among land-use practices would also be 

associated with changes in physicochemical properties from farming practices that 

affect many invertebrate life history strategies.  
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STUDY AREA 

My study was located in the southern half of the Willamette Valley ecoregion 

in western Oregon, USA (Omernik 1987).  The Willamette Valley encompasses 9,100 

km
2 

of lowland plains (Benner and Sedell 1997) whose physiographic characteristics 

have been greatly influenced by the massive late Pleistocene Missoula Floods 

(Minervini et al. 2003) and Willamette River.  The Willamette River basin drains 

29,138 km
2
, including portions of the surrounding Cascades and Coast Range 

mountains (Sedell and Froggatt 1984).  The Willamette Valley is divided into two 

subecoregions, the Willamette River and Tributaries Gallery Forest, which is 

comprised of floodplain forests, and the Prairie Terrace, which is associated with 

meandering streams and historic seasonal wetlands (Pater et al. 1998).  Common soils 

associated with ponding on the Prairie Terrace include a range of poorly drained (e.g. 

Dayton and Concord silt loams, Conser, Awbrig and Bashaw silt clay loams), 

somewhat poorly drained (e.g. Amity and Holcomb silt loams) and moderately well-

drained (e.g. Woodburn silt loam 0-3% slope, Coburg silty clay loam) soil types (Soil 

Survey Staff 2009).  I refer to the area where I focused my research as the southern 

Willamette Valley, which extends from the city of Albany south to Eugene. 

Climate in the Willamette Valley includes a cool wet season typically 

beginning within the month of October and lasting through April.  In the southern 

Willamette Valley, mean annual rainfall (1971-2000) for Benton and Linn Counties is 

90-100 cm with 50% falling during the three month period from December to 
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February (Oregon Climate Service 2009).  Average high air temperatures are 18
o
C for 

October, 7.6
o
C in December, and 13.1

o
C in March.  Wet season average low air 

temperatures are coldest in December and January (1
o
C; Oregon Climate Service 

2009).   

Land use in the southern Willamette Valley is predominantly agricultural, 

supported by rural communities.  A variety of crops are part of the agricultural 

landscape, but grass seed production is a major commodity and makes up much of the 

cropland.  Linn County alone contains an estimated 80,000 ha of grass seed fields (M. 

Melbye, personal communication).  I sampled seasonal wetlands in grass seed fields 

and wet prairie on the Prairie Terrace within the lower Calapooia River and two 

Muddy Creek basins located in Linn and Benton Counties (Figure 1).   

Grass seed production included both annual and perennial crops.  Annual grass 

seed production is dominated by annual ryegrass (Lolium multiflorum).  These fields 

are typically planted in early fall before rains begin, grow through winter and spring, 

are harvested for seed in mid-summer, and tilled or disked in late summer prior to 

planting a new crop in fall.  Perennial grass seed production includes perennial 

ryegrass (Lolium perenne) and fescue (Festuca spp.) that have the same growing and 

seed harvesting season as annual grass.  The difference between these crops is that 

perennial grasses are usually left in production for three to fifteen years without tilling 

the soil.  

Since native wet prairie habitat is extremely rare in the Willamette Valley, I 

used native and restored wet prairie habitat at the William L. Finley National Wildlife 
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Refuge as the source of least disturbed wet prairie sites for reference sites (Brinson 

and Rheinhardt 1996) in my study.  The refuge includes the largest contiguous tract of 

native wet prairie in the Willamette Valley, and sites were located up to 25 km away 

from farmed study sites.  This area has no record of tillage, only minimal hydrologic 

manipulations have occurred, and the refuge does not manage hydroperiod (i.e., 

naturally flooded).  Restored wet prairie, which was taken out of agricultural 

production 13 years ago, was also included as a reference site.   
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Figure 1. Seasonal wetlands sampled to compare invertebrate communities among 

annual grass seed fields (AF), perennial grass seed fields (PF), and reference wet 

prairie (REF) in the southern Willamette Valley during spring 2009 and 2010.  The 

enlarged box in the upper left-hand corner illustrates sites sampled at William L. 

Finley National Wildlife Refuge.      
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METHODS 

Site Selection 

 Study sites consisted of ten seasonal wetlands in each of three land use 

categories: annual ryegrass (AF), perennial ryegrass (PF), and remnant or restored 

wetlands (REF).  The southern Willamette Valley wetlands that comprised my study 

population shared three characteristics.  First, they were all classified as Flats as 

defined within the hydrogeomorphic (HGM) system for Oregon developed by Adamus 

(2001).  Second, all were located on characteristic Willamette Valley terrace soils 

(Wilson 1998, Soil Survey Staff 2009).  Third, wetlands had no surface connection to 

streams, hydroperiod management, or known subsurface grass seed field tile drainage.   

Farmed wetland sites were located in grass seed producing fields and selected 

using USDA Agricultural Research Service land cover data to determine where annual 

and perennial grass seed fields were located on the landscape (G. Mueller-Warrant et 

al., in press) and digital satellite imagery to identify potential farmed wetlands by 

looking for evidence of ponding (e.g. discolored vegetation coverage, bare ground 

from crop failure) within fields.  Once a list of potential sites was compiled, an Oregon 

State University (OSU) Linn County Extension Service agent and a crop advisor from 

Crop Production Services were consulted to obtain property owner information and 

landowner contacts to gain permission for sampling. 

 Possible sites were scouted in January 2009 to ensure ponded water was 

present and that the field was in grass seed production.  If a site was dry or no longer 
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in grass seed production, a new site was located by travelling the study area looking 

for wetlands that fit my criteria.  Sites in the native wet prairie at William L. Finley 

National Wildlife Refuge were also selected in January by travelling through the 

Willamette Floodplain Research Natural Area to find ponded water, and sites were 

distributed throughout the entire area of the wet prairie.  Once all seasonal wetland 

sites were established by marking locations using a handheld GPS unit, I accessed the 

USDA Natural Resource Conservation Service Web Soil Survey to confirm 

hydrogeomorphic and soil characteristics (Soil Survey Staff 2009). 

Climatic Data 

I calculated climatic conditions during the wet season leading up to my 

sampling period for 2008-09 and 2009-10, and for a 30-year period from1971 to 2000 

to characterize climatic information for the southern Willamette Valley.  Mean 

minimum/maximum monthly temperatures, monthly rainfall totals, and degree 

growing days were compared for the months of October through March.  All climate 

data were obtained from observations recorded at Oregon State University‟s Hyslop 

Experimental Station located approximately 10 km northeast of Corvallis (Oregon 

Climate Service 2010).   

Seasonal Wetland Sampling 

Wetlands were sampled from 25 March to 9 April in 2009, and again during 22 

March through 31 March in 2010.  Two annual grass sites were not sampled in 2010 

(n = 28) because the landowners refused to grant access.  Seven sites had no standing 

http://websoilsurvey.nrcs.usda.gov/
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water on 23 March 2010, but I returned to sample them on 29 March and 31 March 

when the wetlands filled after a significant rain event.   

A consistent sampling protocol was applied at every wetland.  A water quality 

grab sample was collected in a pre-rinsed 500 mL amber polyethylene bottle or a 125 

mL pre-rinsed clear polyethylene bottle.  Water samples were collected near the 

wetland edge before any sampling activities to avoid sediment suspension and sample 

contamination.  The wetland was measured along the maximum wetted length and 

width with an open wheel meter tape to estimate wetland area.  I collected 

invertebrates from 10 locations within each wetland.  Sample points were determined 

by placing one main transect down the middle of each wetland that ran parallel to 

longest measured axis of the wetland.  The transect was divided into five equal length 

segments, and samples were collected at two locations within each segment along a 

secondary transect oriented perpendicular to the main transect and placed at the 

midpoint of each transect segment (Figure 2).  Specifically, I systematically moved 

along the wetland transect measuring to each segment‟s mid-point using a meter stick 

and temporarily marking it with a flagged stake.  Next, a sampling point was 

determined along the secondary perpendicular transect by using a computer generated 

random number as a percentage (0-100) distance away from the main transect towards 

the wetted edge.  Finally, I collected invertebrate samples and wetland habitat metrics 

at each sampling point, returned to the stake flag, and repeated this for the other side 

of the main transect.  The procedure was then followed along the remainder of the 

wetland transect.  This process resulted in minimum wetland disturbance.    
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To take invertebrate samples and record wetland habitat metrics at each 

random sampling point, a stainless steel stovepipe sampler (25cm diameter, 0.0491m
2 

sampling area) was firmly pressed into the soil, trapping a known volume of water and 

all aquatic invertebrates inside.  Stovepipe samplers have been shown to yield similar 

quantitative abundance and biomass estimates as a larger area dropframe sampler 

(Meyer et al. 2011), and they compare well with activity traps and sweep nets for 

estimating species richness (Turner and Trexler 1997).  I measured water depth 

(nearest 0.1cm) and live vegetation cover (nearest 5%) inside each stovepipe.  I then 

stirred the contents inside the stovepipe with a meter stick for 10 seconds to help 

suspend organisms on the benthos.  After suspension, a
 
manual bilge pump was used 

to pump out the water and contents inside the stovepipe into a 595 µm sieve bucket 

(Cook and Kennedy 2000, Batzer et al. 2001, Braccia and Voshell 2006).  

Invertebrates, vegetation, and detritus were rinsed from the sieve bucket with tap 

water into a labeled sample bag that included enough water to submerge the contents.  

All samples from each wetland were placed into a large freezer bag.  Samples were 

stored in a cooler until they were preserved by freezing (-13
o
 C) at the end of the field 

day.  The bilge pump was rinsed through with one gallon of tap water from a clean 

bucket between wetland sites to prevent cross contamination of aquatic invertebrate 

taxa.   
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Sample Processing 

Water Quality  

 The water quality grab samples were kept in a cooler while in the field, 

refrigerated immediately after returning from the field, and laboratory processed 

within 3-11 weeks after collection.  Turbidity was measured with a MicroTPW
™

 

turbidity meter, and conductivity was measured with an ECTestr
™

 conductivity pen.  

Meters were calibrated following manufacturer instructions and known standards.  For 

each site water sample, I poured a 20-30 ml into a 50 mL beaker previously rinsed 

with deionized water and submerged the conductivity meter probe for 20 seconds to 

allow for stabilization before reading the meter.  Turbidity was measured twice using 

another portion of the water grab sample.  If the two readings differed by more than 

10%, a third reading was made.  The turbidity readings were averaged together and 

recorded as the site turbidity.   

Aquatic Invertebrates 

 All samples remained frozen until processing occurred.  I used a frozen 

preservation technique because experiments have shown that formalin and alcohol 

have caused greater dry weight inaccuracies for a variety of invertebrate taxa 

(Howmiller 1972, Leuven et al. 1985).  All samples were thawed overnight in cold 

storage before aquatic invertebrates were sorted, identified, and enumerated.   

 Due to a lack of quantitative studies published about aquatic invertebrate 

communities inhabiting Willamette Valley seasonal Flats wetlands, there was no 
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definite way to know if I collected enough invertebrate samples to adequately 

represent the community.  Because of this uncertainty, an adaptive subsampling 

approach was used to process stovepipe samples.  The first 22 samples in 2009 (7 AF, 

8 PF, and 7 REF sites) were processed in the laboratory with an intensive approach 

where each individual stovepipe sample was counted separately.  The remaining 2009 

and all of the 2010 samples were processed with a more rapid, sample composite 

approach. 

 For the intensive approach, all samples were rinsed through a 500 µm sieve to 

remove excess sediment and split into halves using a Folsom Plankton Splitter 

(McEwen et al. 1954).  One half was randomly selected for complete processing 

(sorting, identification and counting).  If a minimum of 50 individuals were not found 

in the half sample, the other half of the sample was also completely processed.  If only 

half of the sample was processed, the other half was left in a 500 µm sieve and 

submerged in water to perform a large/rare (LR) search.  Submerging sample material 

in water helped locate invertebrates because many floated to the surface. 

The LR search was used to increase taxa identified within aquatic invertebrate 

communities.  Authors have suggested implementing LR searches for bioassessments 

before subsampling occurs (Courtemanch 1996, Vinson and Hawkins 1996).  I 

performed LR searches for three minutes per stovepipe sample after subsampling so 

densities could be calculated based on the number of individuals per sample (King and 

Richardson 2002).  I defined large as any invertebrate located by visually inspecting 

the sample without a microscope, and rare was defined as any taxa that were not 
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present in the fully processed half sample.  After the intensive processing of the first 

22 sites, I constructed taxa accumulation curves (Appendix 1) and used nonmetric 

multidimensional scaling and multi-response permutation procedure to run 

preliminary analyses with these data.  Accumulation curves showed that 10 stovepipe 

samples per wetland adequately characterized the invertebrate community; eight 

stovepipe samples per wetland consistently captured 90-100% of the total site taxa 

within each land-use practice.  Thus, there was no reason to continue to process each 

individual stovepipe sample and a more rapid composite subsampling protocol was 

developed. 

 For the rapid, composite processing approach, I combined all 10 stovepipe 

samples from each wetland site into a single composite sample and subsampled with a 

500 organism fixed-count method (Barbour and Gerritsen 1996).  Microcrustaceans 

(i.e., Diplostraca, Copepoda, and Ostracoda) and Nematoda were found in very high 

abundances and their minute size greatly increased handling time.  Therefore, the 

subsampling effort was allocated separately to process these taxa with a 200 organism 

fixed-count, and all other taxa were processed with a 300 individual fixed-count for a 

total of 500 organisms per composite.   

Each composited sample was subsampled on a gridded sieve (Caton 1991).  

Sample contents were spread evenly to cover the entire bottom of the gridded sieve, 

and I randomly selected gridded squares to sort, identify, and enumerate.  Each square 

was completely sorted and enumerated even if the fixed-count was reached so the 

known subsampled proportion could be used to calculate invertebrate density.  Once 
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subsampling was completed, the remaining material on the gridded sieve was 

submerged in water covering the sample and a LR search was carried out.  The 

definition and methodology of LR searches remained the same as previously 

described, but search time was increased to 30 minutes.  This kept the time of the LR 

search effort the same for both the intense and rapid processing protocols. 

I used a dissecting microscope at 10X magnification for all sorting, counting, 

and identification.  Sorting was completed by distributing portions of the wetland 

sample evenly across gridded Petri dishes and submerging the contents in water.  

Aquatic invertebrates were removed from the wetland sample by systematically 

searching each Petri dish.  Individuals were placed into a water-filled Petri dish until 

sorting was complete when taxa were identified and enumerated.  I identified 

invertebrates to the lowest practical taxonomic resolution.  Most taxa were at least 

identified to Family, many to Genus, and a few to Species using various dichotomous 

keys (Stonedahl and Lattin 1986, Wiggins 1996, Larson 2000, Smith 2001, Rogers 

2006, Merritt et al. 2008).  Due to time constraints, several taxa were only identified to 

Order; ostracods, nematodes, and aquatic mites were left at Phylum or Class.  Once 

processed, invertebrates were placed in aluminum drying tins, dried in an oven at 65
o
C 

for 24 hours to a constant weight and weighed to the nearest 0.0001 gram, and snails 

were removed from shells before drying. 

Oligochaeta were not quantified in my study due to poor body condition after 

thawing of frozen samples.  Specimens could not be enumerated because individuals 
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were not distinguishable and dry weights would not be accurate.  However, aquatic 

worms and earthworms were present in all seasonal wetland sites.   

Statistical Analyses 

 All subsampled invertebrate counts were multiplied by the inverse of the 

subsampled proportion to convert to an abundance estimate for the entire sample then 

converted to a density estimate (# of individuals/m
2
) by dividing by the total area 

sampled in each wetland (0.491 m
2
).  Density for each taxon was calculated per 

wetland and added together for a site total density.  I calculated densities for taxa from 

the LR search based on the number of individuals divided by total area sampled, and 

these were included with the site density estimates.  This was justified because taxa 

were only selected if they were not present in the rest of the sample and LR searches 

were performed after microscope subsampling.   

Aquatic invertebrate dry weights were used to calculate biomass estimates.  

Invertebrate dry weights were multiplied by the inverse of the subsampled proportion 

to make an estimate for each wetland site.  A standardized biomass estimate (mg/m
2
) 

was calculated by dividing total dry weight by the total area sampled in each wetland 

(0.491 m
2
).     

I originally wanted to report biomass estimates as values for each invertebrate 

taxa.  Occasionally taxa were not very abundant and they did not register on the digital 

scale (<0.0001 g).  When this occurred, I calculated an average individual invertebrate 

dry weight for each taxon by using known weights.  Averages were used from the 
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same wetland site whenever possible, but some averages had to be calculated from 

other sites.  Because these individual invertebrate dry weight averages were creating 

more error in biomass estimates, I combined all subsampled individuals into a single 

drying tin for the intensive subsampling approach.  For the rapid, composited 

approach, invertebrates were oven-dried by the fixed-count methodology used so 

biomass estimates could be calculated based on the subsampled proportion.  Aquatic 

invertebrate specimens from all LR searches were dried together in a separate drying 

tin and converted to biomass by dividing by the total area sampled. 

Analysis of Variance (ANOVA) Modeling 

  I used one-way analysis of variance (SAS Version 9.2; SAS Institute Inc. 

2004) to test if site diversity (Shannon Index: H’ = - ∑ (pi ln pi) where pi = ni / N), taxa 

richness (total number of taxa per site), total site invertebrate density (individuals/m
2
), 

and total site invertebrate biomass (mg/m
2
) estimates differed by land-use group.  

Values for Shannon Index (Shannon 1948) and taxa richness were calculated in PC-

ORD (McCune and Mefford 2009).  I will refer to Shannon Index as diversity 

throughout this thesis.  Density and biomass data were log10 transformed because of 

nonnormal distributions, skewness, and orders of magnitude differences in values 

(Ramsey and Schafer 2002) and reported as geometric means with upper and lower 

95% confidence intervals (95% CI).  Although some wetland habitat metrics were also 

transformed in statistical models, I report values as untransformed means and standard 

errors (± SE) to display them in more biologically meaningful way.  I conducted 
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ANOVAs separately by sampling year (i.e., 2009 and 2010) and used Bonferroni 

adjustments for all multiple pairwise comparisons.   

  Seasonal wetlands can be highly variable habitats from year-to-year due to 

environmental factors that may not be directly related to land-use practices.  I tested if 

invertebrate response among land-use groups changed between years, which would 

suggest a land use by year interaction.  One-way ANOVAs were run using the 

difference between 2010 and 2009 values as the dependent variable (e.g. 2009 

Richness − 2010 Richness) and land use as the main effect.  If the ANOVA was 

significant, it indicates that the change from 2009 to 2010 was not the same in all land 

use classes, a significant land use by year interaction.  If the ANOVA of the year to 

year difference was not significant, then any year to year changes were consistent 

across land use class and had no interaction. 

Wetland Invertebrate Autecology 

  Differences in invertebrate communities among land-use practices were 

investigated by defining autecological groups based on taxonomic composition and 

general migration strategies.  Taxonomic groups consisted of a Crustacean group 

(Copepoda, Diplostraca, Isopoda, Amphipoda, and Ostracoda), a Diptera group (12 

Families), an Other Insects group (Coleoptera, Trichoptera, Ephemeroptera, 

Plecoptera, Hemiptera, and Odonata), and an Other Non-insects group (Lymnaeidae 

snails, Nematoda, Collembola, and aquatic mites).  Migration strategies were divided 

into active and passive dispersers.  Active dispersers are invertebrate taxa that emerge 

as winged adults and are capable of migrating under their own power of flight.  
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Passive dispersers are wingless invertebrate taxa reliant upon wind, overland flow, and 

other species to migrate.  I calculated each group‟s percentage of total abundance for 

individual wetland sites and then averaged the percents for each land-use practice. 

Ordinations and Nonparametric Procedures 

 PC-ORD (PC-ORD Version 6; McCune and Mefford 2011) was used to look 

for patterns in invertebrate community composition separately for 2009 and 2010.  

Datasets for each year contained a main matrix consisting of taxa abundances as 

columns and sites as rows, and a second matrix populated with wetland and 

invertebrate metric variables as columns and sites as rows.  Taxa abundance data were 

log10 (x+1) transformed to account for orders of magnitude differences between taxa 

counts, to reduce average skewness of taxa to 2.8, and to adjust for zero values of taxa 

that were not present in a sample.  Transformations of datasets also reduced main 

matrix coefficients of variation to 168.9 for taxa (columns) and 41.3 for site (rows) in 

2009 and 159.0 (taxa) and 52.9 (site) in the 2010 data.  I did not remove any rare 

species or use relativizations for any of these data.  These decisions may have left 

more variation in my data, but numerical differences in abundance and diversity 

measures were important for my biological objectives.  Beta diversity (βw) was 

calculated following Whittaker‟s (1972) methods.  Beta diversity values were 2.7 in 

2009 and 2.8 in 2010, moderate values that supported using ordination techniques 

(McCune and Grace 2002).   
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Outlier analysis was run on the site by species matrix using all of the sample to 

sample Sorensen (Bray-Curtis) distances.  Any sample with a distance greater than 

two standard deviations from the grand mean of all sample to sample distances was 

flagged as an outlier.  The analysis identified one outlier in 2009 (3.73 standard 

deviations) and 2010 (4.32 standard deviations).  Both wetlands were in annual 

ryegrass fields.  I had no logical basis for removing either site, so both were retained 

for the analysis.          

The wetland habitat and invertebrate metric matrices contained variables from 

wetland habitat measurements (average percent vegetation cover, average sampled 

water depth, and wetland area), water chemistry data (turbidity and conductivity), and 

summarized invertebrate metrics (total site density, total site biomass, and percent 

Ostracoda, active dispersers, and passive dispersers of site total density) for each 

wetland site.  A categorical variable for the a priori land-use practice groups (AF, PF, 

and REF) was included in analyses as a grouping variable to test for differences 

among communities.  Quantitative variables were log10 transformed, which included 

wetland area, turbidity, conductivity, site invertebrate density, and site invertebrate 

biomass.  Other quantitative variables were proportional and arcsine square root 

transformed, which included vegetation cover, Ostracoda, and active/ passive 

dispersers.  Taxa richness and average sampled water depth were left as untransformed 

values.   

  A multi-response permutation procedure (MRPP) was used to test if 

invertebrate communities within land use categories were more similar than sites 
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among land use categories for each 2009 and 2010 datasets (Mielke 1984).  MRPP 

were run with Sørensen (Bray-Curtis) distance because it tends not to amplify the 

influence of outliers and has been gaining use with MRPP recently (McCune et al. 

2000, McCune and Grace 2002).  I selected the rank-transformed method because it 

corrected for the loss of sensitivity with increased community heterogeneity (McCune 

and Grace 2002).  The results reported a chance corrected within-group agreement A 

statistic (1=identical, 0=heterogeneous) and a p-value for between-group comparisons 

(McCune and Grace 2002). 

  I used nonmetric multidimensional scaling to explore patterns of invertebrate 

communities among seasonal wetlands (NMS; Kruskal 1964, Mather 1976).  This 

technique performs well with nonnormal distributions and heterogeneous community 

data and avoids assumptions of linearity because it uses ranked distances to draw out 

meaningful information (McCune and Grace 2002).  Using NMS autopilot option for 

each dataset, I selected Sørensen (Bray-Curtis) distance measure and chose the 

ordination run setting as slow and thorough.  This setting resulted in 250 runs with real 

data and 250 with Monte Carlo randomized data.  The autopilot selected random 

number starting configurations (McCune and Grace 2002).  I was satisfied with NMS 

solutions because final stress percentages were within a satisfactory range to interpret 

invertebrate communities (Clarke 1993, McCune and Grace 2002), instability criteria 

were met (< 0.0001), and scree plots (stress vs. number of iterations) were stabile.  All 

NMS ordination results are reported with values after I rotated axes to align with the 
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invertebrate metric taxa richness because this variable was important to explaining 

community patterns.   

   Indicator Species Analysis was run to identify individual invertebrate taxa that 

distinguished each specific land-use practice (Dufrêne and Legendre 1997).  The 

Indicator Species Analysis was run separately for each year using 4,999 Monte Carlo 

randomizations to test for significance of taxa indicator values.  Indicator values (IV) 

are calculated following these basic steps: 1) proportional abundance of a species in a 

group are compared to the overall abundance in all groups, 2) the proportional 

frequency is found in each group, and 3) the product of steps 1 and 2 are multiplied by 

100 to be expressed as a percentage (McCune and Grace 2002).  I only considered 

taxa as good indicators when IVs were statistically significant (P < 0.05). 
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Figure 2. Sampling design used to collect aquatic invertebrates in southern Willamette 

Valley, Oregon seasonal wetlands during spring of 2009 and 2010.  Dashed lines (---) 

represent random percent distances away from a transect towards the wetted edge.  

Arrows (→) demonstrate the direction sampling occurred in the wetland. 
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RESULTS 

Climatic conditions for the southern Willamette Valley varied between years.  

Compared to the long term averages for total rainfall (86.5 cm) and growing degree 

days (187), the winter of 2008-2009 was relatively dry (58.5 cm) and cool (156 degree 

days).  Winter 2009-2010 experienced average rainfall (85.8 cm) and even cooler 

temperatures (122 degree days), but I found seven sites drawn down to moist soil 

during the March sampling.  It is likely differences in timing of weather events 

throughout the wet season that affect air temperature, rainfall, and plant growth made 

drier conditions at these sites.  

Physicochemical Wetland Metrics 

The study wetlands averaged surface areas from 223 ± 40 to 622 ± 212 m
2
 and 

were generally shallow (Table 1).  The means of the average wetland depth among the 

different land use groups were not significantly different in either 2009 or 2010 and 

ranged from 5.0 ± 0.3 to 8.5 ± 1.3 cm deep.  Most other wetland physicochemical 

habitat metrics varied among land-use practices each year (Table 1).  Vegetation cover 

was greater in REF wetlands (>60%) than both AF and PF wetlands in 2009 (F2, 27 = 

32.1, P < 0.01) and 2010 (F2, 25 = 53.4, P < 0.01).  Similarly, conductivity differed 

among land-use groups in both 2009 (F2, 27 = 12.2, P < 0.01) and 2010 (F2, 25 = 7.8, P < 

0.01) and was lower in REF although not significantly from AF in 2010.  Turbidity 

also differed in 2009 (F2, 27 = 6.2, P < 0.01) and 2010 (F2, 25 = 27.3, P < 0.01) and was 

lowest in REF both years although not significantly from PF in 2009.  
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Aquatic Invertebrate Metrics 

Taxa richness and diversity were significantly higher in REF than either 

farmed wetlands in both years, but AF and PF were similar (Figure 3).  Mean ± SE 

taxa richness in REF was 26.2 ± 1.2 (2009) and 27.4 ± 1.0 (2010) compared to 14.1 ± 

1.6 and 12.6 ± 2.1 for PF, and 11.0 ± 1.1 and 7.8 ± 1.1 for AF.  Mean diversity in REF 

was 3.0 ± 0.1 (2009) and 3.1 ± 0.1 (2010).  Mean diversity in PF was 2.4 ± 0.1 and 2.2 

± 0.1, and AF was 2.1 ± 0.1 and 1.7 ± 0.2.  Invertebrate density did not differ among 

land-use groups in either year, but invertebrate biomass differed in both 2009 and 

2010 (Figure 3).  Geometric mean (95% CI) density ranged from 5,311 − 13,122 

individuals /m
2
 (2,553 – 27,052) in all three land-use practices for both years.  The 

highest 2009 geometric mean biomass was 1,331 mg /m
2
 (749 – 2,363) in PF and 

differed from AF and REF (~500 mg /m
2
).  Mean biomass in 2010 PF was 771 mg /m

2
 

(344 – 1,729) and did not differ from 658 mg /m
2
 (294 –1,475) in REF, but both 

differed from 183 mg /m
2
 (74 – 451) in AF.   

Most invertebrate metrics did not show a land-use by year interaction.  Year to 

year changes in taxa richness among land-use groups were not significantly different 

(F2, 25 = 2.8, P = 0.08).  Mean changes in density (F2, 25 < 0.1, P = 0.99) and biomass 

(F2, 25 = 3.4, P = 0.05) did not differ among land-use groups between years, which 

demonstrated no significant land-use by year interaction.  However, mean changes in 

diversity between 2009 and 2010 were significantly different among land-use 
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practices (F2, 25 = 4.7, P = 0.02) demonstrating that the diversity differences among 

land use groups were not consistent across years.   

Aquatic Invertebrate Community Composition 

A total of 72 invertebrate taxa were identified from seasonal wetlands in 2009 

and 2010.  Of the 64 taxa in 2009, I identified 57 taxa in REF, 36 in PF, and 31 in AF.  

There were 62 taxa identified in 2010 that included 58 taxa in REF, 33 in PF, and 19 

in AF.  Twenty three taxa were found in all land-use practice groups in 2009 and 15 

taxa in 2010.  There were 21 taxa in 2009 and 25 taxa in 2010 unique to REF 

wetlands.  Insects contributed to most of the REF taxa, which included Families of 

three beetles (Coleoptera), two caddis flies (Trichoptera), three mayflies 

(Ephemeroptera), a stonefly (Plecoptera), two dragonflies (Odonata), and six flies 

(Diptera).  Non-insects unique to REF included an isopod (Isopoda), an amphipod 

(Amphipoda), and a cladoceran (Diplostraca: Lynceidae).  Three genera of corixid 

water bugs and a Gerris water strider (Hemiptera) were exclusively found in AF.  Two 

genera of beetles and flies were unique to PF.  Many of these unique or exclusive 

insect taxa were in low densities and often only present at one or two sites.   

Invertebrate taxa that rely on passive dispersal were disproportionately 

abundant in all wetlands.  As a percent of total density, passive dispersers were 82% ± 

9 in REF, 79% ± 22 in PF, and 71% ± 32 in AF for 2009, and were 88% ± 5 in REF, 

91% ± 13 in PF, and 81% ± 31 in AF for 2010.  Active dispersers (winged insects) 
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comprised a much lower percent of total density than passive disperser in each land-

use practice did.   

Crustaceans were very common passive dispersers and made up the largest 

percentage of relative abundance in REF and PF (Figure 4).  Taxonomic composition 

of crustaceans was varied by land-use category.  REF were primarily comprised of 

Dumontia oregonensis (Diplostraca: Dumontiidae), Daphnidae (Diplostraca), 

Calanoida copepods, and Caecidotea (Isopoda).  Diplostraca ephippia, or drought 

resistant eggs, were present in ten REF sites in 2009 and eight sites in 2010, and 

ephippia were only found in one PF 2009 site and two 2010 sites.  Ostracoda made up 

the largest proportion of crustaceans in PF wetlands.  AF did not have a pattern of any 

particular taxa although crustacean relative abundance decreased from 60% to 45% in 

2010, and Diplostraca ephippia were completely absent in all AF sites.  The highest 

relative abundances of winged insects were mainly comprised of two Families of 

Diptera: Chironomidae and Ceratopogonidae and showed decreases in all land-use 

groups between years (Figure 4).  All other insects, primarily predacious diving 

beetles (Coleoptera: Dytiscidae) and water scavenger beetles (Coleoptera: 

Hydrophilidae), made up 3% and 4% of relative abundance in REF wetlands and less 

than 1% in AF and PF wetlands.  Caddis flies (Trichoptera: Limnephilidae) were also 

included with other insects and were present in all land-use groups, but were most 

abundant and diverse in REF.  Ephemeroptera, Plecoptera, and Odonata were rare and 

only found in REF, except for Leptophlebia (Ephemeroptera: Leptophlebiidae) 

presence in one PF site adjacent to the wet prairie. 



33 

 

 MRPP analyses showed that aquatic invertebrate community composition 

differed among land-use practices in both years (A-statistics = 0.37, P < 0.001).  The 

NMS ordinations obtained final solutions in 45 iterations in 2009 and 98 iterations in 

2010, and ended with final instabilities of < 0.00001 both years.  Both NMS 

ordinations had two dimensional best fit solutions that showed distinct differences in 

the community structure between REF and farmed sites.  These patterns were not 

dissimilar enough between AF and PF sites to have much separation of these groups 

so there was a great deal of overlap (Figure 5).  Axis 1 had the strongest positive 

correlations as taxa richness and vegetative cover increased, and this was where REF 

sites were clustered.  Axis 1 also had negative correlations as conductivity and 

turbidity values increased (Table 2).  Both PF and AF sites grouped together and had 

higher conductivity and turbidity than REF sites.  Sites with increased percent active 

dispersers showed the highest negative correlation with Axis 2 in 2009, and sites with 

increased total biomass and % Ostracoda density were among the highest positively 

correlated variables with Axis 2 in 2010.  Community structure in REF sites was much 

more similar to each other than farmed wetlands, and AF sites showed the greatest 

among-site variability of any land-use practice.  

Indicator Species Analyses (ISA) identified important invertebrate taxa that 

significantly distinguished land-use practices.  There were no taxa indicative of AF 

wetlands, and only Ostracoda was an indicator of PF wetlands.  Many taxa, however, 

were significant indicators of REF wetlands in both years.  These included 

invertebrate taxa that were either exclusive to, and/or more numerous in this land-use 
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group (Table 3).  Caecidotea and Crangonyx were completely absent from farmed 

wetland communities.  Calanoida copepods and Lymnaeidae snails were only found at 

one to two sites out of ten PF wetlands and not present in any AF sites.  Adult and 

larval beetles (Coleoptera: Haliplidae, Dytiscidae, and Hydrophilidae) were also found 

in most REF wetlands and in moderate numbers.  

Post hoc analyses of 2009 and 2010 invertebrate taxa richness, diversity, total 

density, and total biomass were conducted by removing two PF sites and one AF site 

that were adjacent to the REF sites.  At the onset of my study, I selected these sites to 

help account for the geographic separation between these land-use practices, but 

proximity to the wet prairie and the higher density of permanent wetlands and wildlife 

on the refuge could influence community assemblages.  This could be associated with 

increased migration opportunities for invertebrates to colonize these sites.  Only 2010 

biomass estimates changed to no differences among land-use groups by removing 

these sites.  However, PF mean taxa richness was lowered from 14.1 ± 1.6 to 12.5 ± 

1.1 in 2009 and 12.6 ± 2.1 to 9.6 ± 0.9 in 2010.  Removal of the sites also made 

farmed wetland community structure even more similar to each other because 

Calanoida copepods and Daphnidae cladocera were only present at those PF sites, and 

Coleoptera and Diptera diversity was reduced. 
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Table 1. Physical and chemical characteristics (means [SE]) of seasonal wetlands 

located in different land-use groups (annual grass seed fields, perennial grass seed 

fields, and reference wet prairie) recorded during of March 2009 and 2010 in the 

southern Willamette Valley, Oregon.  Row values with the different letters had 

statistically different means (P < 0.05 after Bonferroni adjustments).   

 

      Land-use Groups 

Metric Annual Fields Perennial Fields Wet Prairie 

2009 
   

Vegetation Cover (%)     29.6 (5.3)
A
         4.9 (4.4)

B
      62.5 (6.9)

C
 

Conductivity (µS)   220.0 (55.0)
A
     330.0 (60.0)

A 
     65.0 (8.0)

B
  

Turbidity (NTU)   112.1 (81.3)
A
       16.2 (4.4)

A,B
        4.5 (0.7)

B
 

Wetland Area (m²)   622.4 (212.3)
A
     225.7 (28.5)

A,B
    262.9 (119.4)

B
 

Average Depth (cm)       7.9 (1.0)
A
         5.0 (0.3)

A
        7.5 (1.1)

A
 

2010 
   

Vegetation Cover (%)       7.3 (3.9)
A
         4.4 (1.9)

A
      66.2 (6.3)

B
 

Conductivity (µS)   130.0 (45.0)
A,B

     310.0 (80.0)
A
      55.0 (4.0)

B
 

Turbidity (NTU)     62.7 (27.4)
A
     118.1 (33.6)

A
        2.6 (0.7)

B
 

Wetland Area (m²)   581.4 (333.9)
A
     223.2 (39.6)

A
    250.1 (139.5)

A
 

Average Depth (cm)       5.6 (0.6)
A
         5.9 (0.6)

A
        8.5 (1.3)

A
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Table 2. Pearson (r) and Kendall (tau) correlation coefficients relating wetland habitat 

and invertebrate summary metrics to NMS axis scores in 2009 and 2010 seasonal 

wetlands of the southern Willamette Valley, Oregon.  Correlations were calculated 

after the NMS plots were rotated to maximize the Axis 1 correlation with Taxa 

Richness. 

 
2009 2010 

 
 Axis 1  Axis 2  Axis 1  Axis 2 

Variable   r   tau   r   tau   r   tau   r   tau 

Taxa Richness   0.90   0.69   0.07 −0.02   0.96   0.84   0.01 −0.16 

Conductivity −0.66 −0.40 −0.37 −0.17 −0.33 −0.22   0.56   0.46 

Vegetation 

Cover 
  0.58   0.40   0.17   0.07   0.82   0.54 −0.22 −0.31 

Turbidity −0.56 −0.37 −0.02 −0.11 −0.69 −0.47   0.11   0.05 

Wetland Area −0.25 −0.20   0.39   0.26 −0.27 −0.19 −0.36   0.01 

Total Density   0.26   0.13   0.34   0.21   0.24   0.10   0.55   0.34 

% Active 

Dispersers 
−0.25 −0.04 −0.42 −0.27   0.02   0.33   0.44   0.15 

% Ostracoda  −0.22 −0.19   0.02 −0.01 −0.34 −0.11   0.53   0.51 

% Passive 

Dispersers 
  0.25   0.04   0.42   0.27 −0.15 −0.33 −0.44 −0.15 

Average Depth   0.17   0.05   0.18 −0.09   0.44   0.30   0.02 −0.01 

Total Biomass −0.13 −0.12 −0.20 −0.09   0.36   0.16   0.81   0.47 
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Table 3. Aquatic invertebrates indicative of seasonal wetland land-use practices (PF = 

perennial grass seed fields; REF = reference wet prairie) in the southern Willamette 

Valley, Oregon during spring of 2009 and 2010.  Taxa displayed had observed 

indicator values (IV) with p-values < 0.05 from Indicator Species Analyses. 

 

  

  

2009 2010 

  Taxa Group  IV p-value*  IV p-value* 

Ostracoda 
 

PF   41.3 <0.001   43.5   0.006 

Amphipoda Crangonyx REF  - -   40.0   0.026 

Arachnida (aquatic mite) REF   58.3   0.001   76.6 <0.001 

Calanoida 
 

REF   96.9 <0.001   93.8 <0.001 

Collembola 
 

REF  - -   48.6   0.003 

Gastropoda Lymnaeidae REF   82.1 <0.001   84.9 <0.001 

Isopoda Caecidotea REF 100.0 <0.001 100.0 <0.001 

Trichoptera Limnephilus REF  - -   50.0   0.007 

Coleoptera 
    

  

 

 

Apteraliplus parvulus
† REF   80.0 <0.001   42.4   0.017 

 

Berosus
†
 REF  - -   50.0   0.006 

 

Enochrus
†
 REF   40.0   0.026   48.0   0.005 

 

Haliplidae
††

  REF   60.0   0.001   56.0   0.002 

 

Helophorus
†
 REF   52.8   0.006   - - 

 

Hydroporinae
††

 REF   47.8   0.021   60.7 <0.001 

 

Hydroporus
††

 REF   38.3   0.029   - - 

 

Hydroporus/Neoporus
†
 REF   56.0    0.005   60.0   0.002 

 

Liodessus
†
 REF   54.0   0.003  - - 

 

Hydraena
†
 REF   46.6   0.011   44.9   0.014 

 

Hydrobius
†
 REF  - -   39.4   0.027 

 

Paracymus/Anacaena
†
 REF  - -   52.7   0.002 

 

Hydrophilidae
††

 REF  - -   48.1   0.015 

Diplostraca 
    

  

 

 

Daphnidae REF   56.3   0.002   57.0   0.004 

 

Dumontia oregonensis REF   64.7 <0.001   90.7 <0.001 

Diptera 

      

 

Aedes REF  - -   58.9   0.002 

  Culicidae (pupae) REF  - -   72.0 <0.001 

*p-value = (1 + # of randomized runs ≥ observed) / (1 + # of randomized runs) 
† 

Adult beetle     
††

 Larvae beetle 
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Figure 3. Comparison of aquatic invertebrate taxa richness (a), Shannon Index 

diversity (b), density (individuals/m
2
) (c), and biomass (mg/m

2
) (d) in seasonal 

wetlands located in different land-use categories (annual grass seed fields, perennial 

grass seed fields, and reference wet prairie) in the southern Willamette Valley, Oregon 

during spring 2009 and 2010.  Boxes display 25th/75th percentiles and medians, and 

whiskers show the data range.  Boxes with different letters had significantly different 

means (P < 0.05). 
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Figure 4. Relative abundance of aquatic invertebrate taxonomic group composition in 

three seasonal wetland southern Willamette Valley, Oregon land-use practices 

(perennial grass seed fields, reference wet prairie, and annual grass seed fields) during 

the spring of 2009 and 2010. 
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Figure 5. Nonmetric multidimensional scaling ordination plots showing seasonal 

wetland invertebrate community patterns in different southern Willamette Valley land-

use practices [annual grass seed fields (▼), perennial grass seed fields ( ), and wet 

prairie (●)] during the spring of 2009 (a) and 2010 (b).  Plots were rotated to 

maximize the correlation of axis 1 with Taxa Richness.  Axes were labeled with highly 

correlated variables to help explain gradients in invertebrate assemblages and marked 

with arrows (→) to show the correlation‟s direction.  Wet prairie sites were circled to 

display how invertebrate communities separated from farmed wetland communities.   
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DISCUSSION 

  Characteristics of aquatic invertebrate communities differed among reference 

wet prairie, perennial grass farmed wetlands, and annual grass farmed wetlands.  Wet 

prairie had higher taxa richness, diversity, and dissimilar assemblage composition than 

farmed wetlands.  However, in most cases farmed wetlands invertebrate density and 

biomass was similar or significantly greater than wet prairie.  My findings agree with 

other regional studies in Mississippi, Kansas, and Nebraska that have shown lower 

invertebrate richness and diversity and no difference in density and biomass between 

tilled and undisturbed or natural seasonal wetlands (Gray et al. 1999, Kostecke et al. 

2005, Davis and Bidwell 2008).  Invertebrate assemblage composition, diversity, 

density, and richness did not differ between annual and perennial grass farmed 

wetlands.  The only metric that differed between farmed wetlands was higher biomass 

in perennial grass farmed wetlands than annual farmed wetlands.    

 Many crustaceans, like those dominating my study sites, have life history 

strategies such as development of drought resistant eggs and diapause that allow them 

to persist in seasonal wetland soils during the dry phase (Wiggins et al. 1980, 

Williams 1987, Schneider and Frost 1996, Williams 1997).  A study in the Prairie 

Pothole Region found more cladoceran resting eggs, Ostracoda and snail shells in 

natural grasslands than in actively farmed wetlands (Euliss and Mushet 1999).  In the 

same study, more crustacean eggs were successfully hatched from grasslands than 

farmed wetlands, where they were almost nonexistent.  Because burying eggs with 
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only 0.5 cm of sediment can almost eliminate hatching Cladoceran Chydoridae, 

Daphnidae, and Macrothricidae, ostracods, and copepods (Gleason et al. 2003), 

reduced viability of egg banks, and reduced hatching may be important impacts of soil 

tillage.  Thus, impacts of soil tillage would help explain why crustacean communities 

differed between farmed grass seed wetlands and native wet prairie in the southern 

Willamette Valley.  Crustacean density in annual grass was almost two to three times 

less than reference wet prairie and perennial grass farmed wetlands, which supports 

that yearly tillage negatively affects these taxa by increasing the probability life 

history strategies will be disrupted.  In my study, cladocera ephippia were common in 

wet prairie wetlands, rare in perennial grass farmed wetlands, and absent from annual 

grass farmed wetlands (Appendix 5).  The presence of Calanoida copepods and 

Lymnaeidae snails were also common in wet prairie, rare in perennial grass, and 

absent from annual grass farmed wetlands.  Two mechanisms by which these 

crustaceans and snails survived depended on egg banks remaining viable, or 

individuals persisting through diapause in the soil.  A third possibility would have 

been passive dispersal events. 

 Differences in regional climate, invertebrate sampling methods, and sampling 

timing most likely led to richness and abundance differences between my study and 

Euliss and Mushet (1999), but this could also be related to regional agricultural 

practices such as tillage frequency, or depth, or chemical applications.  Since perennial 

grass farmed wetlands may not be tilled from three to over 15 years, egg banks have 

the opportunity to build up for multiple years and diapause would not always be 
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disrupted.  If agricultural crops in the Prairie Pothole Region are tilled and planted 

every year, we might expect annual grass seed fields to respond similarly.  Though not 

within the scope of the present study, more research is needed on effects of 

agricultural chemicals on wetland invertebrate taxa in the Willamette Valley.           

Differences in invertebrate communities between reference wet prairie and 

farmed wetlands were also related to physicochemical wetland conditions.  Wet prairie 

composition was associated with increased vegetation cover, which was much lower 

in farmed wetlands.  In previous studies, greater seasonal vegetation cover yielded 

higher invertebrate diversity and richness and altered community composition 

(Kaminski and Prince 1981, Batzer and Resh 1992, Batzer and Wissinger 1996, de 

Szalay and Resh 2000, Meyer 2011); lower values in seasonally reduced vegetation 

could have been the result of lower quality habitat structure and food availability.  In 

farmed wetlands during my study, higher turbidity and conductivity suggested that 

there were increased sediment and/or nutrient inputs, potentially altering community 

composition.  Due to high variability between farmed wetland sites, these measures 

were not always statistically significant; mean turbidity ranged from two to forty times 

higher, and mean conductivity ranged from two to five times larger than wet prairie.  

Studies in streams have shown that increased suspended sediments result in 

detrimental effects on filter feeding crustaceans and insects, which lowered their 

abilities to assimilate food, survive, and reproduce (Newcombe and MacDonald 1991).  

Increased tillage frequency in annual grass most likely added suspended sediments 

that contributed to lower crustacean densities and decreased insect diversity.  
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Since farmed wetlands are located within grass seed fields, farming practices 

that lower water quality would also have detrimental effects on the presence and 

abundance of intolerant taxa.  Conventionally tilling perennial grass seed fields have 

been shown to increase soil nitrate in the fall/winter rainfall months when the potential 

risk for leaching was highest and could decrease soil quality (Nelson et al. 2006).  A 

study in Washington found degradation of aquatic invertebrate indices of stream 

conditions occurred as agricultural intensity increased; these changes were related to 

increased conductivity, suspended sediments, nitrogen (nitrate, nitrite, and organic), 

and ortho-phosphates (Cuffney et al. 2000).  Similarly, agricultural land-use in 

Australia and Illinois also affected water quality/chemistry and led to more pollution-

tolerant taxa assemblages (Kay et al. 2001, Stone et al. 2005).  Studies related to my 

work in Oregon agricultural intermittent watercourses found lower fish and 

invertebrate richness related to increased conductivity and increased agricultural 

activity (Colvin et al. 2009, W. Gerth personal comm.).      

 While taxa richness and diversity was lower in farmed wetlands, in most cases 

density and biomass was similar or significantly greater than wet prairie.  Higher 

conductivity measures in farmed wetlands suggests increased nutrient loading, which 

may cause higher productivity that can boost populations of certain tolerant taxa.  

Higher levels of nitrate in a Minnesota stream nearest to agriculture was positively 

correlated with increased herbivore /detritivore invertebrate production (Krueger and 

Waters 1983).  Although I did not measure food available  to primary consumer 

invertebrates (e.g. chlorophyll a, organic matter), it is likely that abundant detritus, 
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increased nutrients from fertilizers, and lowered interspecies competition may have 

contributed to abundant large bodied Ostracoda, which made up 42% and 52% of total 

relative abundance.  It was common to find decaying straw residue covering wetland 

basin substrates from baling operations or intentionally left chopped to reduce soil 

erosion (Steiner et al. 2006).  Straw is commonly used as a growth medium for 

developing microbes consumed by cladocera (J. Li personal comm.).  If perennial 

grass fields provided increased food for primary consumers, invertebrate taxa like 

Ostracoda could be sustained at very high densities.  In contrast, neither invertebrate 

density nor biomass decreased when litter was reduced in a Manitoba seasonal 

wetland, leading authors to conclude that primary consumers were sustained at low 

levels of available food (Neckles et al. 1990).  In addition wetland invertebrates at 

high population growth rates had little impact on total amounts of detritus (Batzer and 

Wissinger 1996).  More investigation is needed to understand what was driving the 

high densities of Ostracoda in perennial grass farmed wetlands because this Class is 

known to tolerate a wide range of freshwater conditions (Smith 2001).  It is possible 

that if these taxa were identified to a lower taxonomic resolution, species with 

different tolerances might be found between farmed wetlands and wet prairie because 

some Ostracoda species are known to be sensitive to chemicals from herbicides and 

pesticides (Thorp and Covich 2010).  This could help explain Ostracoda dominance 

over other crustaceans in perennial grass farmed wetlands if certain taxa could persist 

with increased agricultural chemical application.   
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 Because invertebrate taxa respond to wetland conditions differently depending 

on a complexity of physiological tolerances and life history strategies (Wiggins et al. 

1980, Euliss et al. 1991, Williams 1997), community composition is an extremely 

important consideration when comparing land-use practices.  Non-insects with passive 

dispersal mechanisms (Wiggins et al. 1980, Williams 1997, Green et al. 2002, Beladjal 

and Mertens 2009) made up 80-90% of total invertebrate density in southern 

Willamette Valley seasonal wetlands.  The differences I found in passive disperser 

composition between wet prairie and farmed wetlands suggest some taxa may not 

tolerate conditions in some farmed wetlands.  Invertebrates identified as indicators of 

wet prairie, such as cladocera (Daphnidae, Dumontiidae: Dumontia oregonensis), 

Caecidotea spp. isopod, Calanoida copepods, Crangonyx spp. amphipod, and 

Lymnaeidae snails, may be intolerant taxa.  Whereas these taxa occurred in nearly all 

ten of the wet prairie sites, isopods and amphipods were completely absent in farmed 

wetlands, which are known to be sensitive to low oxygen levels and organic habitat 

enrichment (Thorp and Covich 2010).  The rest of the wet prairie indicator taxa only 

occurred infrequently in farmed wetlands.  Other crustaceans (i.e., Chydoridae, 

Ostracoda, and Harpacticoida and Cyclopoida copepods) were abundant and occurred 

in many farmed wetland sites, and share similar life history strategies (i.e., drought 

resistant eggs, diapause) as cladocera and Calanoida copepods.  The differences in 

crustacean composition between wet prairie and farmed wetlands may also be related 

to their foraging activities.  Crustaceans of farmed wetlands are associated with 

benthic feeding while crustacean indicators of wet prairie are typically considered as 
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water column feeders (Thorp and Covich 2010).  However, there was no difference in 

mean water depth among land-use practices in my study, and it is likely many factors 

are influencing crustacean composition.  More research is needed to understand why 

taxa indicative of wet prairie were not as prevalent in farmed wetlands. 

Taxa richness for active disperser (i.e., winged insects) was highest in 

reference wet prairie.  This included some Ephemeroptera, Plecoptera, and Trichoptera 

(EPT) not found in farmed wetlands.  Nemouridae stoneflies (Plecoptera) and two 

genera of Ephemeroptera (Leptophlebiidae: Leptophlebia and Siphlonuridae) that I 

found are known to enter diapause and/or oviposit drought resistant eggs (Lehmkuhl 

1971, Lehmkuhl 1973) so these taxa appear adapted to seasonal wetlands.  Why they 

were absent from farmed wetlands is unclear, but it could be related to poorer water 

quality as some stream EPT taxa are known to be sensitive (Yuan 2006).  Limnephilus 

spp. caddis flies (Trichoptera: Limnephilidae) did occur in farmed wetlands, but they 

were rare, and not all wetland EPT taxa are particularly sensitive to water quality 

(King and Richardson 2002).  The overall low occurrence of EPT taxa in these 

systems would make using them as metrics to indicate wetland impairment difficult.    

Other winged insects added more evidence to the community differences 

among land-use practices.  Annual grass farmed wetlands had the highest relative 

abundance of insects, almost exclusively comprised of Diptera taxa.  Chironomidae 

and Ceratopogonidae made up the vast majority of density in all land-uses.  Because 

particular species are known to exhibit differences in water quality tolerances, 

identifying these taxa to a higher taxonomic resolution would be very useful.  



52 

 

Perennial grass wetlands had similar genera of predacious diving beetles (Coleoptera: 

Dytiscidae) and water scavenger beetles (Coleoptera: Hydrophilidae) as wet prairie.  

In contrast, beetle richness in annual farmed wetland was half of wet prairie and 

almost nonexistent in 2010.  This suggests newly ponded habitats may not be selected 

as often by ovipositing adults (Williams 1987, Batzer and Resh 1992, Williams 1996), 

or beetle resting eggs are not surviving the dry phase due to increased soil 

disturbances that effect annual grass farmed wetland communities.   

Climatic Conditions and Landscape Characteristics 

 Some invertebrate compositional changes among land-use practices could be 

attributed to survival and colonization pressures from variable environmental and 

climatic conditions (Williams 1987, Schneider and Frost 1996, Williams 1996).  In 

particular, timing of rain events throughout the wet season and average monthly 

temperatures can influence aquatic invertebrate communities (Williams 1987).  Field 

tillage and leveling could be shortening wetland hydroperiod by increasing soil 

infiltration and runoff from ditching.  Variations in weather patterns and land-use 

practices are likely a main reason why one half of the annual grass farmed wetland 

sites dry in spring of 2010 before sampling.  These unpredictable conditions could also 

cause some active dispersers to avoid certain farmed wetlands for ovipositing eggs.     

 Wetland proximity to other water bodies may also explain why richness and 

diversity was lower in farmed wetlands than reference wet prairie.  An estimated 67% 

of all wetland types have been lost in the Willamette Valley since 1850, which has 
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fragmented the landscape.  Fragmentation of wet prairie in Illinois limited invertebrate 

dispersal, which has led to crustacean extinctions and may lead to more regional 

extinctions (Jenkins et al. 2003).  Wetland fragmentation in the Willamette Valley 

could also be adversely affecting passive dispersers such as crustaceans, and the 

concern that populations may wink out before we can discover them is real.  This 

study expanded the known range of a recently described cladocera, Dumontia 

oregonensis (Santos-Flores and Dodson 2003).  If windblown drought resistant eggs 

do not land in optimal wetland habitat, hatching will not occur and populations cannot 

increase.  It is also possible waterbirds and winged insects that transport passive 

dispersers (Williams 1997, Green et al. 2002, Beladjal and Mertens 2009) may not be 

visiting farmed wetlands as often due to landscape fragmentation and lower habitat 

quality.  Many active dispersers take refuge in permanent wetlands when seasonal 

wetlands dry (Wiggins et al. 1980, Batzer and Resh 1992, Williams 1996), thus 

location of a seasonal wetland relative to permanent wetland refugia could influence 

active and passive colonization of isolated farmed wetlands.  All of these factors are 

also likely playing some part in the differences between farmed wetlands and wet 

prairie communities.  

Conclusions and Management Implications 

Seasonal farmed wetlands in the southern Willamette Valley do support 

aquatic invertebrates and contribute to regional biodiversity.  Farmed wetlands in 

grass seed production should be recognized as important habitats for invertebrate 
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communities as well as other wildlife.  Incorporating farmed wetlands in regional 

conservation planning could play a role in managing these habitats.  Conservation 

farming practices such as no-till planting and volunteer crop re-seeding are 

increasingly being adopted by Willamette Valley grass seed growers, and it appears 

these practices can benefit aquatic invertebrates by reducing soil tillage.  Public land 

managers, such as wildlife refuges, that have farmed seasonal wetlands in annual 

ryegrass and perennial grass seed production may consider reducing tillage in these 

areas by either growing more perennial grass crops or adopting no-till practices, which 

could enhance invertebrate communities and in turn benefit other wildlife.   

Since aquatic invertebrate communities in seasonal wetland Flats differ in 

composition than other systems, widely accepted invertebrate metrics to measure 

stream impairment in permanent waters are not appropriate to evaluate these wetlands.  

Although development of regional metrics for bioassessments is in progress (The 

Xerces Society for Invertebrate Conservation 2011), there is no consensus on metrics 

for the seasonal Flats wetland class.  Some of the taxa I found to be indicative of 

reference wet prairie, such as the flightless beetle (Apteraliplus parvulus), cladocera 

(Daphnidae, Dumontiidae: Dumontia oregonensis), Caecidotea spp. isopod, Calanoida 

copepods, Crangonyx spp. amphipod, and Lymnaeidae snails, could be proposed as 

metrics rather than focusing on EPT presence and abundance for this system.  If better 

metrics are developed, they could also be a means of evaluating seasonal wetland 

restoration success as well (Marchetti et al. 2010).  Aquatic invertebrate research 
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should continue in native wet prairie and farmed wetlands to further investigate why 

differences were found among invertebrate communities in this study. 
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Appendix 1. Taxa accumulation curves of aquatic invertebrates collected from 22 

southern Willamette Valley seasonal wetlands in 2009.  Graphs are separated by land-

use:  a) annual grass seed agriculture (AF); b) perennial grass seed agriculture (PF); 

and c) wet prairie (REF).  
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Appendix 2. Monthly rainfall departures from the 30 year average (1971-2000) 

observed in 2008-09 and 2009-10 at Oregon State University‟s Hyslop Experimental 

Station located approximately 10 km northeast of Corvallis, Oregon. 
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a) 

b)  

    
 

Appendix 3. Observed air temperatures at Oregon State University‟s Hyslop 

Experimental Station located approximately 10 km northeast of Corvallis, Oregon.   

a) Monthly average high, and b) low temperatures were graphed based on departures 

from the 30 year average (1971-2000). 
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Appendix 4.  Aquatic invertebrate taxa seasonal wetland site frequency and mean 

density with standard errors (± SE) collected from three southern Willamette Valley 

land-use practices: Annual Grass Seed Fields (a), Perennial Grass Seed Fields (b), and 

Native Wet Prairie (c).  
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Appendix 4a.  Annual Grass Seed Farmed Wetland Invertebrates 

 

    2009 Sites (N = 10) 2010 Sites (N = 8) 

  TAXA Sites indiv/m
2
 Sites indiv/m

2
 

Diplostraca 
     

Chydoridae 
 

  2     251 (250) 3      39 (22) 

Daphnidae 
 

- - 1        2 (2) 

Dumontiidae 
     

 
Dumontia oregonensis   3  836 (828) - - 

Cyclopoida 
 

10   2297 (696) 8    955 (356) 

Harpacticoida 
 

  8  264 (116) 3    122 (105) 

Ostracoda 
 

  9   1132 (347) 6  2860 (2379) 

Nematoda 
 

  6   1015 (434) 4  2227 (1323) 

Arachnida (aquatic mite)   1         2 (2) - - 

Collembola 
 

  5         5 (2) 6      10 (4) 

Coleoptera 
     

Dytiscidae 
     

 
Agabus   8       21 (9) 2        9 (8) 

 
Hydroporus   1      <1 (<1) - - 

 
Hydroporus/Neoporus   1 <1 (<1) - - 

 
Liodessus   1 <1 (<1) - - 

 
Stictotarsus/Oreodytes   1 <1 (<1) - - 

 
Colymbetinae   1         1 (0) - - 

 
Hydroporinae   7       23 (10) 3        5 (4) 

Hydraenidae 
     

 
Hydraena   1      <1 (<1) - - 

Hydrophilidae 
     

 
Helophorus   4         3 (2) 5        3 (1) 

Diptera 
     

Ceratopogonidae 
 

  4  2149 (2051) 3   240 (226) 

Chironomidae 
 

10    952 (379) 7 1108 (598) 

Culicidae (pupae) - - 1       2 (2) 

 
Aedes   1        1 (1) 1       2 (2) 

 
Culiseta   1     <1 (<1) - - 
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Dixidae 
     

 
Dixella   1     <1 (<1) - - 

Dolichopodidae 
 

  6         5 (2) 2        2 (2) 

Tipulidae 
     

 
Tipula   5         7 (4) 3        2 (1) 

Hemiptera 
     

Corixidae Corisella   3         2 (1) 1     <1 (<1) 

 
Sigara   1      <1 (<1) - - 

Gerridae 
     

 
Gerris   1 <1 (<1) 1     <1 (<1) 

Notonectidae 
     

 
Notonecta   1 <1 (<1) - - 

Trichoptera 
     

Limnephilidae 
     

 
Limnephilus spp.   2        2 (2) - - 

 
L. occidentalis   2        3 (2) 2        1 (1) 

 
L. nogus   3        1 (1) - - 
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Appendix 4b. Perennial Grass Seed Farmed Wetland Invertebrates 

 

 
  

2009  2010  

 TAXA Sites indiv/m
2
 Sites indiv/m

2
 

Diplostraca 
     

Chydoridae 
 

    2       27 (21)    4   219 (106) 

Daphnidae 
 

    2     104 (103)    2   684 (464) 

Dumontiidae 
     

 
Dumontia oregonensis     4   2393 (2304)    1     61 (61) 

Calanoida 
 

    1         1 (1)    2       6 (6) 

Cyclopoida 
 

  10   1355 (406)  10 4346 (1332) 

Harpacticoida 
 

    6       42 (23)    6   133 (108) 

Ostracoda 
 

  10 10728 (3861)  10 8640 (3246) 

Nematoda 
 

    7   1418 (742)    8 1874 (1128) 

Arachnida (aquatic mite)     4       43 (41)    3     26 (23) 

Collembola 
 

    9       67 (25)    9   160 (56) 

Basommatophora 
     

Lymnaeidae 
 

    1         2 (2)    2       1 (1) 

Coleoptera 
     

Dytiscidae 
     

 
Agabus     7       13 (6)    9     31 (9) 

 
Hydroporus     1         3 (3)    1       1 (1) 

 
Hydroporus/Neoporus     2         1 (<1) - - 

 
Hygrotus -            -    1    <1 (<1) 

 
Liodessus     2         2 (2)    1       4 (4) 

 
Rhantus/Colymbetes     1         1 (1) - - 

 
Colymbetinae     3         3 (2)    1       1 (1) 

 
Hydroporinae     8       11 (5)    7     19 (8) 

 
Hydroporini     1         1 (1) - - 

Haliplidae (larvae) - -    1       1 (1) 

 
Apteraliplus parvulus - -    2       1 (1) 

Hydraenidae 
     

 
Hydraena     2       5 (5)    3       2 (1) 

Hydrophilidae (larvae) - -    3       3 (2) 
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Enochrus - -    2       1 (1) 

 
Helophorus     3       1 (1)    7       8 (3) 

 
Hydrobius     2        1 (<1)    1       1 (1) 

 
Paracymus/Anacaena - -    1    <1 (<1) 

Diptera 
     

Ceratopogonidae 
 

    8     545 (183)    5     46 (35) 

Chironomidae 
 

  10   1331 (414)  10   668 (196) 

Culicidae (pupae)     1         1 (1)    3       1 (1) 

Dixidae 
     

 
Dixella     1         1 (1) - - 

Dolichopodidae 
 

    7         7 (2) - - 

Empididae 
 

    1      <1 (<1) - - 

Ephydridae 
 

    1      <1 (<1) - - 

Muscidae 
 

    1         5 (5)    1       1 (1) 

Tipulidae 
     

 
Tipula     6         9 (4)    6       4 (2) 

 
Limoniinae     1         1 (1) - - 

Ephemeroptera 
     

Leptophlebiidae 
     

 
Leptophlebia - -    1       1 (1) 

Hemiptera 
     

Corixidae (larvae)     1       15 (0) - - 

Trichoptera 
     

Limnephilidae 
     

 
Limnephilus spp.     4       14 (9) - - 

 
L. occidentalis     8       16 (5)    2       1 (1) 

 
L. nogus     3         7 (5) - - 
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Appendix 4c. Native Wet Prairie Invertebrates 

 

       
  

2009 2010 

TAXA Sites  indiv/m
2
 Sites indiv/m

2
 

Diplostraca 
     

Chydoridae 
 

-         -    2      18 (13) 

Daphnidae 
 

   7 1301 (712)    8    802 (418) 

Dumontiidae 
     

 
Dumontia oregonensis  10 2401 (710)  10  1072 (321) 

Lynceidae 
 

   1       1 (1)    1      11 (11) 

Calanoida 
 

 10 1506 (442)  10  1138 (176) 

Cyclopoida 
 

 10 1010 (185)  10  3033 (830) 

Harpacticoida 
 

   9     87 (32)    9    335 (145) 

Ostracoda 
 

 10 1904 (720)  10    936 (419) 

Nematoda 
 

   9   723 (348)  10  1230 (606) 

Arachnida (aquatic mite)    9     20 (6)  10      31 (6) 

Collembola 
 

   9   150 (53)  10    351 (94) 

Basommatophora 
     

Lymnaeidae 
 

   9     31 (13)    9    302 (76) 

Amphipoda 
     

Crangonyctidae 
     

 
Crangonyx   2       1 (1)    4        6 (3) 

Isopoda 
     

Asellidae 
     

 
Caecidotea  10   276 (127)  10    297 (138) 

Coleoptera  
 

Dytiscidae  
 

 
Agabus   8     11 (3)    8      14 (5) 

 
Dytiscus   1    <1 (<1)    2        2 (1) 

 
Eretes   -         -    1     <1 (<1) 

 
Hydroporus   5     15 (7)    3        6 (4) 

 
Hydroporus/Neoporus   7       6 (2)    6        9 (5) 

 
Liodessus   7     11 (6)    4        1 (1) 

 
Rhantus/Colymbetes   2       1 (<1)    -          - 

 
Stictotarsus/Oreodytes   1       2 (2)    1     <1 (<1) 

 
Colymbetinae   2       1 (1)    4        3 (1) 

 
Hydroporinae   9     90 (22)  10      78 (19) 
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Hydroporini   1        1 (1)    1       2 (2) 

Haliplidae (larvae)   6      97 (65)    6     82 (62) 

 
Apteraliplus parvulus   8      10 (3)    5     42 (34) 

 
Peltodytes   -          -    1       1 (1) 

Hydraenidae 
     

 
Hydraena   7        5 (2)    6       9 (3) 

Hydrophilidae (larvae)   2        1 (1)    7       7 (2) 

 
Berosus   2        5 (4)    5       5 (3) 

 
Enochrus   4        1 (1)    6       6 (2) 

 
Helochares/Helocombus   1     <1 (<1)    3       4 (3) 

 
Helophorus   8      14 (5)    8       7 (3) 

 
Hydrobius   1        1 (1)    5       3 (1) 

 
Paracymus/Anacaena   -          -    6       3 (1) 

 
Tropisternus   1     <1 (<1)    -          - 

Scirtidae 
 

  1     <1 (<1)    -         - 

Diptera 
     

Ceratopogonidae 
 

  7      28 (16)    3      16 (11) 

Chaoboridae 
 

  -          -    1        1 (1) 

Chironomidae 
 

10 1733 (718)  10  1182 (399) 

Culicidae (pupae)   4       2 (1)    9      42 (20) 

 
Aedes   5       4 (2)    7      15 (6) 

Dixidae 
     

 
Dixella   4       4 (2)    1      <1 (<1) 

Dolichopodidae 
 

  6       3 (2)    2        4 (3) 

Empididae 
 

  1    <1 (<1)    1      <1 (<1) 

Muscidae 
 

  -          -    1        1 (1) 

Sciomyzidae 
 

  3       1 (1)    3        1 (1) 

Tabanidae 
 

  2       1 (1)    -          - 

Tipulidae 
     

 
Tipula   5       6 (2)    4        3 (1) 

 
Limoniinae   1     <1 (<1)    1        1 (1) 

Ephemeroptera 
     

Baetidae 
     

 
Procloeon/Centroptilum   -         -    1        1 (1) 

      
Leptophlebiidae 

     

 
Leptophlebia   3      2 (2)    -            - 
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Siphlonuridae 
 

  1      1 (1)    1     <1 (<1) 

      
Hemiptera 

     
Corixidae (larvae)   1      1 (1)    1        2 (2) 

 
Corisella   -        -    1        1 (1) 

 
Hesperocorixa   1    <1 (<1)    1      <1 (<1) 

Notonectidae 
     

 
Notonecta   1    <1 (<1)    -          - 

Odonata 
     

Lestidae 
 

  -         -    1        1 (1) 

Libellulidae 
 

  1    <1 (<1)    1        1 (1) 

Plecoptera 
     

Nemouridae 
 

  1      1 (1)    -           - 

Trichoptera 
     

Limnephilidae 
     

 
Limnephilus spp.   5      6 (2)    5        5 (2) 

 
L. occidentalis   6    10 (5)    6        4 (2) 

 
L. flavastellis   1    <1 (<1)    -           - 

 
L. nogus   3      1 (1)    1      <1 (<1) 

 
Grammatolaulius   1    <1 (<1)    1      <1 (<1) 
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Appendix 5.  Number of cladocera (Dumontiidae and Daphnidae) ephippia, or drought 

resistant eggs, present in annual grass seed farmed wetlands (AF), perennial grass seed 

farmed wetlands (PF), and native wet prairie (REF) sites from 2009 and 2010 southern 

Willamette Valley seasonal wetlands. 

 

 
2009 2010 

Wetland Site # of Ephippia # of Ephippia 

AF01 0 0 

AF02 0 0 

AF03 0 0 

AF04 0 0 

AF05 0 0 

AF06 0 0 

AF07 0 N/A 

AF08 0 0 

AF09 0 N/A 

AF10 0 0 

PF01 0 0 

PF02 0 0 

PF03 0 0 

PF04 0 0 

PF05 0 0 

PF06 0 0 

PF07 0 1 

PF08 0 0 

PF09          491            23 

PF10 0 0 

REF05 41 1 

REF06 11            16 

REF08  6 7 

REF09          101 0 

REF10 7 2 

REF11            39 1 

REF12            61 7 

REF13            19 0 

REF14          463 6 

REF16 7 7 

 


