
Benthic Invertebrates at CICEET Study Sites 
Prepared by Ayesha Gray, Cramer Fish Sciences  

 

Citation: Gray, Ayesha. 2011. Benthic Invertebrates at CICEET Study Sites. Appendix 11 in 
Brophy, L.S., C.E. Cornu, P.R. Adamus, J.A. Christy, A. Gray, M.A. MacClellan, J.A. Doumbia, 

and R.L. Tully. 2011. New Tools for Tidal Wetland Restoration: Development of a Reference 

Conditions Database and a Temperature Sensor Method for Detecting Tidal Inundation in Least-

disturbed Tidal Wetlands of Oregon, USA. Prepared for the Cooperative Institute for Coastal and 

Estuarine Environmental Technology (CICEET), Durham, NH.  

 

Introduction 

Macroinvertebrates have been used to characterize ecosystems and infer ecological health by 

comparing abundance, and taxonomic and functional composition between reference and 

restored conditions. Since invertebrates have a variety of physiological needs, their presence or 

absence reflects the condition of the surrounding environment, and for this reason they have been 

thought of as integrators of ecosystem variability and possible descriptors of ecosystem function. 

Biotic metrics have been used to assess the condition of freshwater aquatic environments (Karr 

and Chu 1999) and groups of indicator species, or assemblages, have been used to determine 

biotic integrity (Karr 1987). Invertebrates, as biotic indicators, represent popular “litmus” tests 

for determining ecosystem status and state, and have been widely applied with a variety of taxa 

in many different ecosystems (Carignan and Villard 2002). Dufrene and Legendre (1997) 

developed analysis techniques to determine wetland characteristics with invertebrate indicators. 

Invertebrates may make useful indicators of reference tidal wetland condition as they are 

strongly influenced by environmental variation and react mainly to disturbances on fine spatial 

scales (Carignan and Villard 2002). Invertebrate communities have often been used to compare 

conditions among disturbed, restored and reference wetland sites (Greenwood et al. 1991; 

Lerberg et al. 2000; Zajac and Whitlatch 2001; Craft et al. 2002). Single species and 

assemblages of a variety of insects have been used to determine environmental condition and 

change in habitats ranging from forests to grasslands to urban areas and mine sites (McGeoch 

1998). Determining reference conditions in terms of invertebrate assemblage characteristics may 

help natural resource managers in the Pacific Northwest better understand restoration targets and 

success. 

This study was a component of a larger project (Brophy et al. 2011) which tested innovative 

methods to measure key habitat drivers (elevation, inundation regime, salinity, groundwater 

level) and related those habitat conditions to physical and biological characteristics (soil 

characteristics, vegetation cover, woody stem density and basal area, and invertebrate 

assemblages) of the study sites. These datasets are of significant value, particularly for scrub-

shrub and forested intertidal wetlands (“tidal swamps”), for which physical and biological data 

are almost completely lacking (Brophy 2009, Brophy et al. 2011). The tidal swamp data gap is a 

significant problem for restoration practitioners, since tidal swamps constitute important 

restoration targets due to their disproportionate loss to coastal development (Graves et al. 1995, 

Brophy 2005).   



Interpretation of macroinvertebrate community composition and abundance depends on robust 

experimental design and careful statistical analysis, as these communities are known to have 

extreme spatial and temporal variability. This study of macroinvertebrates in least-disturbed tidal 

wetlands on the Oregon coast helped meet the larger project’s objectives by determining 

relationships between key habitat drivers and biological structure at each site, and by 

contributing to a pilot reference conditions database for use by future restoration practitioners. 

Methods 

Experimental Design and Field Sampling 

In July 2007, we collected 15 replicate samples (90 total) from four habitat types (low marsh, 

high marsh, scrub-shrub, and forested tidal wetlands) at the six CICEET study sites described in 

Brophy et al. (2011). One benthic invertebrate sampling module (10 X 10 m) was established 

within each habitat type at each site; sampling modules were located near permanent study plots. 

Our sampling procedures followed the Estuarine Habitat Assessment Protocol (Simenstad et al. 

1991) for benthic invertebrates. Benthic invertebrates were sampled from dewatered channel 

sediments using a 6.35-cm diameter plastic corer. Cores were taken to a depth of 5 cm for a total 

volume of 160.8 cm
3
. Exact sampling location was randomized within the module boundaries 

using a random number table and grid, and location of the grid was recorded using a Trimble 

ProXR GPS. We retained samples in labeled sample jars, and fixed them in the field with a 10% 

solution of buffered formalin. We analyzed the number of taxonomic groups represented in our 

replicated samples following methods described in Hurtubia (1973) to determine the optimum 

number of samples for each site. In July 2008, we collected 12 replicate samples (72 total) from 

5 of the 6 sites sampled in 2007, using the same methods as in 2007. The 2008 sampling omitted 

the Blind Slough scrub-shrub wetland since the nature of the substrate (dense root fibers) made it 

impossible to find appropriate substrate from which to collect core samples. 

Laboratory Setup and Processing 

In September 2007, two experienced laboratory technicians were given a 1 ½ day refresher 

course conducted by Ayesha Gray (Cramer Fish Sciences) at the South Slough NERR Estuarine 

and Coastal Lab in Charleston, OR. Training included proper handling of samples, identification 

of invertebrates, microscope photography and graphic file exchange (to verify identification), 

and database development. In the laboratory, sample contents were washed through a 0.5 mm 

sieve to remove fine particulates and retain macrofauna. Samples were then be transferred to 

water or isopropanol (depending on length of time until organism identification), and stained 

with Rose Bengal (a biological dye). After 24 hours in dye, using a light dissecting scope, all 

organisms were counted and identified to the finest taxonomic resolution possible without 

dissection, generally family or species identification for most common estuarine invertebrates. 

Unknown organisms were photographed and identified by Cramer Fish Sciences personnel or 

Jeff Cordell (University of Washington) from images and voucher specimens. 

Statistical Analysis 

In total 162 samples were processed (90 from 2007 and 72 from 2008). Data were collated and 

stored in a Microsoft Access database and analyzed as described below. Statistical analysis 

focused on characterizing total abundance, taxonomic richness, percent composition, assemblage 

structure and presence of indicator taxonomic groups. Abundance results were determined as the 



number of invertebrates per sample, and taxonomic richness was measured as the total number of 

taxonomic groups (separating life stages) per sample. Invertebrate assemblage characteristics 

were explored using multivariate statistics: nonmetric multidimensional scaling (NMDS) and 

analysis of similarity (ANOSIM) using PRIMER 6.0 (Clarke and Gorley 2006). Among 

multivariate statistics, NMDS is an especially powerful technique for determining assemblage 

differences among ecological data. Data are log transformed and taxonomic groups accounting 

for less than 3% of any sample are discounted. NMDS graphically plots differences in 

invertebrate assemblages in ordination space (axes with no scale) based on the Bray-Curtis 

similarity matrix.  

ANOSIM ("analysis of similarities") looks for differences between groups of community 

samples (defined a priori), using permutation/randomization methods. ANOSIM is a statistical 

test to determine significant differences among groupings delivered by NMDS, and returns a p-

value (similar to ANOVA); p < 0.10 represents significance at the 90% confidence level. An R 

value, scaled between -1 and +1, is also reported, with 0 representing no difference and a value 

of 1 representing biological difference among samples. Following standard practice, we 

considered comparisons with R values over 0.4 and p-values < = 0.1 to be significantly different, 

and those with R values under 0.4 and p-values < = 0.1 were considered to have no significant 

difference. Indicator analysis (INDVAL) developed by Dufrene and Legendre (1997) was used 

to identify “indicator species” using PC-ORD software (McCune et al. 2002). Indicators can be 

compared among sites and with indicators of ecosystem state as identified in Gray (2005). 

Specific indicators may provide information on site characteristics in terms of invertebrates. 

Results 

Based on data obtained from 162 processed samples, we have evaluated total abundance, 

taxonomic richness, percent composition, invertebrate assemblage patterns, and indicator 

species. Total abundance, taxonomic richness, and percent composition were summarized by 

year and site (Figures 1 and 2). Total abundance was highest at Hidden Creek Low Marsh in both 

sampling years, and lowest in the shrub and forested wetlands. Taxonomic richness was also 

highest in the Hidden Creek Low Marsh, but comparable with all other sites except Coal Creek 

Forested Wetland, where taxonomic richness was lower. Taxonomic richness at the Coal Creek 

site was low due to the predominance of New Zealand mudsnails (Potamopyrgus antipodarum; 

non-native, invasive). New Zealand mudsnails made up over 50% of the sample in 2007, and 

over 90% in 2008 (Figure 2). 

A statistical comparison of percent composition is provided by the multivariate statistics and 

NMDS plots for both years (Figure 3). NMDS plots showed that assemblage structure was 

similar for high and low marshes, while the shrub and forested wetlands were significantly 

different from each other and from the high and low marshes. Based on ANOSIM (Table 1), 

most pair-wise site comparisons showed significant differences in invertebrate assemblages. 

Non-significant comparisons were the Hidden Creek High Marsh compared with the Millport 

Slough High Marsh and Siletz Keys Low Marsh, the Millport and Siletz Keys sites compared to 

each other, and the Blind Slough shrub wetland compared with the Blind Slough forested 

wetland.   

The INDVAL analysis provided repeatable indicators across the two sample years at all sites, 

except for Siletz Keys Low Marsh (Table 2). New Zealand mudsnails were identified as the only 

indicator at the Coal Creek site in both years. Indicators at Blind Slough Plot 1 (forested 



wetland) included the common bivalve, Macoma spp., and the brackish-water isopod, 

Caecidotea spp. Indicators at the two high marsh sites were different with Hidden Creek having 

isopods and the non-native amphipod Grandidierella japonica, and Millport Slough having 

flatworms and polychaetes. Several indicators were identified in the Hidden Creek Low Marsh 

sites, including nematodes, the free-living estuarine anemone, and diptera larvae. Only the 

ostracod was identified as an indicator (2008) at the Siletz Keys Low Marsh sites. No indicators 

were found in 2007 at the scrub-shrub Blind Slough Plot 2 (scrub-shrub wetland), and this 

wetland was not sampled in 2008.  
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Benthic Invertebrate Taxonomic Richness by Year
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Figure 1. Total abundance (above) and taxonomic richness (below) in each sampling year. Note: Blind 

Slough Plot 2 (scrub-shrub wetland) was not sampled in 2008.  
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Benthic Invertebrate Percent Composition - 2008
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Figure 2. Average percent composition of benthic invertebrate samples from 2007 and 2008. Note: Blind 

Slough Plot 2 (scrub-shrub wetland) was not sampled in 2008. 
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Figure 3. NMDS multivariate analysis plots the relative position (in terms of abundance and composition 

of taxonomic groups) of each sample in 2007 (above) and 2008 (below). Site abbreviations: Hidden 

Creek High Marsh (P3 and P4)=HCHM; Hidden Creek Low Marsh (P1 and P2)=HCLM; Millport 

Slough High Marsh=MSHM; Siletz Keys Low Marsh=SKLM; Blind Slough Scrub Wetland (P2)=BSSW; 

Blind Slough Forested Wetland (P1)=BSFW; and Coal Creek Forested Wetland=CCFW. 

 



Table 1. ANOSIM results for NDMS analysis. Bold type indicates pairwise comparisons that are not 

significantly different. Abbreviations: Hidden Creek High Marsh (HCHM); Hidden Creek Low Marsh (HCLM); 

Millport Slough High Marsh (MSHM); Siletz Keys Low Marsh (SKLM); Blind Slough Scrub-shrub Wetland 

(BSSW); Blind Slough Forested Wetland (BSFW); and Coal Creek Forested Wetland (CCFW). 

 

                      2007 2008 

Groups R value P value R value P value 

HCHM, CCFW  0.819 0.1 0.994 0.1 

HCHM, BSSW 0.814 0.1   

HCHM, BSFW 0.555 0.1 0.997 0.1 

HCHM, HCLM 0.699 0.1 0.769 0.1 

HCHM, MSHM 0.291 0.1 0.731 0.1 

HCHM, SKLM  0.225 0.1 0.477 0.1 

CCFW, BSSW 0.526 0.1   

CCFW, BSFW    0.507 0.1 0.996 0.1 

CCFW, HCLM      0.763 0.1 0.981 0.1 

CCFW, MSHM     0.812 0.1 0.925 0.1 

CCFW, SKLM      0.746 0.1 0.939 0.1 

BSSW, BSFW   0.319 0.6   

BSSW, HCLM      0.651 0.1   

BSSW, MSHM     0.756 0.1   

BSSW, SKLM      0.631 0.1   

BSFW, HCLM    0.536 0.1 0.996 0.1 

BSFW, MSHM   0.559 0.1 0.941 0.1 

BSFW, SKLM    0.530 0.1 0.888 0.1 

HCLM, MSHM     0.775 0.1 0.841 0.1 

HCLM, SKLM      0.618 0.1 0.766 0.1 

MSHM, SKLM     0.069 7.7 0.330 0.1 



Table 2. INDVAL indicators identified at each sampling site, highlighted names were consistent indicators 

between years. 

 

2007 INDVAL Indicators (value >40%) 

Coal Creek 
Forested 
Wetland 

Blind Slough 
Forested Wetland 

Hidden Creek 
High Marsh 

Hidden Creek 
Low Marsh 

Millport Slough 
High Marsh 

Siletz Keys 
Low Marsh 

NZMS Macoma spp. 
Polychaeta: 
Spionidae 

Nematoda Turbellaria  

 
Isopoda: 
Caecidotea spp. 

Isopoda Anemone 
Polychaeta: 
Nereidae 

 

  
Amphipoda: 
Grandidierella 
japonica 

Tanaidae 
Polychaeta: 
Hobsonia florida 

 

   
Diptera: 
Ceratopogonidae 
Pupae 

  

   
Diptera: 
Ceratopogonidae 
Larvae 

  

   Acarina   

   Hydrozoa   

 
2008 INDVAL Indicators (value >40%) 

Coal Creek 
Forested 
Wetland 

Blind Slough 
Forested Wetland 

Hidden Creek 
High Marsh 

Hidden Creek 
Low Marsh 

Millport Slough 
High Marsh 

Siletz Keys 
Low Marsh 

NZMS Macoma spp. 
Amphipoda: 
Eogammarus 
spp. 

Nematoda Turbellaria Ostracoda 

 
Isopoda: 
Caecidotea 

Isopoda 
Polychaeta: 
Capitellidae 

Polychaeta: 
Nereidae 

 

 
Diptera: 
Ptychopteridae 

Amphipoda: 
Grandidierella 
japonica 

Polychaeta: 
Spionidae 

Polychaeta: 
Hobsonia florida 

 

 
Diptera: 
Bittacomorphella 
spp. 

 Anemone Cumacea  

   
Diptera: 
Ceratopogonidae 
Larvae 

  

   Acarina   

   Nemertea   

   Hydrozoa   

 



Discussion 

This study used macroinvertebrate assemblages to describe ecosystem structure, contributing to 

the larger study’s use of innovative methods to assess key habitat drivers (Brophy et al. 2011). 

Results from this two-year study indicated differences in assemblage structure at reference tidal 

wetlands and identified repeatable indicators for each site which may be useful in characterizing 

reference wetland conditions (Dufrene and Legendre 1997). Better understanding of reference 

conditions may help restoration practitioners interested in recovering habitat function of 

degraded or impacted tidal wetlands in the Pacific Northwest. While the results are promising, 

much additional study is needed to conduct a robust characterization of these tidal wetland 

habitats in terms of macroinvertebrates. 

While univariate measures such as total abundance and taxonomic richness demonstrated some 

differences among sites, i.e. higher abundance and taxonomic richness in emergent tidal marshes 

versus forested and scrub-shrub wetlands; the multivariate statistical techniques were more 

powerful at detecting differences in biological structure among sites with similar physical 

structure. For example, NMDS was able to detect differences among high marsh habitats with 

similar physical structure in two geographic locations. By looking at overall patterns in 

assemblage composition a better characterization of habitats may be accomplished and it may be 

more instructive in determining site-specific environmental differences than univariate measures 

(Heino 2003). INDVAL was also a useful metric for characterizing biological structure, as it 

identified specific taxa (indicators) responsible for community level differences. Repeatable 

indicators determined using this statistical method provided a simple metric for characterizing 

reference sites and a target for those interested in restoring ecosystem structure, as the procedure 

can be used to assess restored sites and make comparisons with reference conditions.  

Several ecological assessment protocols evaluate macroinvertebrate response to restoration in 

estuarine marsh environments as they are sensitive indicators of wetland condition (Simenstad et 

al. 1991; Zedler 2001). Similarities in macroinvertebrates have been found by some studies at 

restored and reference sites, although differences in other organisms such as fish still exist (Moy 

and Levin 1991). Some species of macroinvertebrates recover in a relatively short time frame (< 

5 years), but others (e.g., the snail Melampus) may require decades to reach reference densities 

(Warren et al. 2002). Warren et al. (2002) determined that invertebrate populations recover at 

different rates depending on the individual marsh, and that recovery rates are not necessarily 

related to changes in vegetation. Indicators have been useful in detecting conditions in wetland 

environments in restored and reference sites (Dufrene and Legendre 1997; Gray 2005). Using 

studies of macroinvertebrates enables researchers to assess and pinpoint mechanisms of 

assemblage change when studies are conducted over long periods of time. Few studies have 

attempted to characterize reference condition of tidal marshes, even though important 

information on ecosystem condition may be available with detailed study. 

Using the indicator assemblage to assess reference wetlands revealed specific characteristics 

undetected by other methods of evaluation. Coal Creek Forested Wetland was dominated by 

New Zealand mudsnails in both years of the study; this invasion by a non-native species may 

have a significant effect on ecosystem function. Kelley (2008) found that mudsnails serve as 

prey for benthic feeders such as sculpins, but Bersine et al. (2008) found that Chinook salmon 

consumed only very low numbers of mudsnails in the Columbia River estuary. Indicators from 

the other forested wetland site (i.e., Blind Slough) thought to be unaffected by New Zealand 

mudsnail invasion were unique from the other sites and may represent more natural condition for 



these habitat types. Non-native species (i.e., Grandidierella japonica) were also detected as 

indicators at the Hidden Creek High Marsh distinguishing it from the conditions found at the 

Millport Slough High Marsh (two sites nearly identical in physical structure). However, the 

impact of invasion from this species may not be as high, because Grandidierella function as a 

prey resource for fish, similar to Corophium spp., the native equivalent. Millport Slough High 

Marsh indicators included polychaetes and flat worms. Indicators at the Hidden Creek Low 

Marsh also differed from the adjacent high marsh revealing the power of the INDVAL analysis 

to detect minute differences in biological structure between neighboring sites. No repeatable 

indicators were detected at the Siletz Keys Low Marsh, indicating more study may be needed to 

characterize differences in low marsh macroinvertebrate communities. 

To inform restoration, a better understanding of reference conditions for tidal marshes is needed. 

Although many resource managers, funding agencies, policy-makers and scientists often view 

restoration ecology as more an art than a science -- relying on intuition rather than well-

documented knowledge (Michener 1997) -- baseline data will provide information on target 

conditions for recovery actions and thus improve efforts to restore ecosystem function. 

Establishing data on reference conditions in tidal marshes is important and requires detailed, 

robust studies. Macroinvertebrates may be especially difficult to characterize due to their 

inherent variability and the need for sufficient replication to obtain statistically significant 

results; however information on community structure in invertebrates may provide a more 

sensitive descriptor of biological structure and give better inferences on ecosystem function. 

Ecology-based management of wetland habitats will require long-term monitoring efforts, 

replicated controls and treatments, and projects designed with definable questions, specific 

hypotheses, and robust and repeatable measurements (Simenstad et al. 2000). An investment in 

innovative techniques for habitat characterization is important to achieve these goals, and this 

project provides some pilot information on how analyses of macroinvertebrate community 

structure may aid restoration practitioners aiming to better understand reference conditions. 

These methodically collected and analyzed data represent the continuing development of new 

approaches that can be used to discover useful patterns and links among abiotic and biotic 

environmental factors. 
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