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Abstract 
When the entrainment and deposition of fine sediment by flowing waters is 

allowed to operate unhindered, exposed riverine sediments (ERS) become distributed as a 

mosaic of seasonally-available, terrestrial habitats composed of bars and islands.  

Habitats in the form of ERS have received attention by scientists only since the late 

1990s.  Such attention is primarily due to threatened and endangered species that inhabit 

ERS in Europe.  Because of the extreme vulnerability of ERS to river channelization and 

regulation, natural forms of these habitats have become critically imperiled throughout 

much of North America and Europe.  This study set out to synoptically survey the 

macroarthropod communities of ERS on an unregulated U.S. river so as to create an 

initial database from which further research could be performed.  I used pitfall traps to 

sample the surface-active macroarthropod community of ERS of the Sipsey River in 

Tuscaloosa County, AL, USA.  Pitfall traps were deployed for 48-hour periods in 5 

different ERS habitats from late June to early October of 2010 (8 sampling dates total).  

Although 189 taxa were identified, only four species comprised nearly 50% of the total 

individuals captured (>18,000): Velarifictorus micado (Gryllidae, Orthoptera), 

Tetragonoderus fasciatus (Carabidae, Coleoptera), Solenopsis invicta (Formicidae, 

Hymenoptera), and Pardosa sp. (Lycosidae, Araneae). Patterns of both abundance and 

community structure changed dramatically with season, with the highest levels of 

abundance and taxa richness occurring in August and/or September and the lowest levels 

occurring in early July and October.  Although distance from the water explained patterns 

of distribution for some taxa in some ERS habitats, the overall pattern was too variable to 

support generalizations.  Finally, invasive species comprised >50% of individuals 

collected, with V. micado and S. invicta together comprising 42.5% of specimens. It is 



thus possible that such invader species may have a significant negative impact on the 

community, perhaps rivaling that of anthropogenic disturbance. 



Introduction 

Exposed riverine sediments (ERS) are formed by the entrainment and 

deposition of fine sediment by unregulated flowing waters.  Distribution of these habitats 

occurs as a seasonally-available mosaic of terrestrial bars and islands along a river’s edge 

(Tockner and Stanford 2002).  Such a shifting topography results in high levels of habitat 

heterogeneity as a consequence of variations in inundation frequency, food availability, 

vegetation cover, and sediment size and sorting (Paetzold et al. 2005, Sadler et al. 2004, 

Bates et al. 2007), thus supporting relatively diverse macroarthropod communities (Ward 

et al. 1999, 2002, Naiman et al. 2005).   

Habitats in the form of ERS have received attention by scientists only since the 

late 1990s.  This neglect of ERS communities could partially be due to an assumption of 

floodplain and riparian areas as containing the most diverse communities.  Recent 

attention on ERS is thus, not surprisingly, primarily due to the recognition of threatened 

and endangered species inhabiting ERS in Europe (Tockner and Stanford 2002).  Because 

flooding frequently disturbs ERS, they are relatively free of permanent vegetation and 

may provide true ecotonal habitats for rare and endangered riparian arthropods (Durham 

Biodiversity Action Plan, Hering 1998, Boscaini et al. 2000, Eyre et al. 2001a, 2001b, 

Sadler et al. 2004).   

Beetles of the families Carabidae (ground beetles) and Staphylinidae (rove 

beetles), and spiders (Araneae) are the most abundant members of the macroarthropod 

communities of ERS, although there have been few comprehensive studies of entire ERS 

macroarthropod communities.  Other than ground beetles, rove beetles and spiders, 

notable taxa associated with ERS include endangered grasshoppers in the UK and the 



Northern Alps of Central Europe (Stelter et al. 1997, Tockner et al. 2006) and a variety 

of phytophagous beetle species on vegetated ERS in the UK (Eyre et al. 2002). 

The vast majority of ecological studies of ERS have taken place in Europe with 

relatively few in the United States.  This research gap needs to be rectified due to the 

extreme sensitivity of these habitats to ever-increasing anthropogenic disturbances such 

as dams and channelization as well as natural changes such as drought that alter natural 

riverine processes.  When dams block or alter river flow, sediments are not deposited in 

sufficient quantities to produce substantive ERS habitats or, alternatively, only larger 

sediments are transported and deposited, creating ERS that are of little conservation value 

due to a lack of appropriate conditions for vegetative succession to occur (Sadler et al. 

2004).  Because of the prevalence of dams and their importance for commercial transport 

as well as hydroelectric power production, ERS are highly endangered in many locations 

(Tockner et al. 2006).   

This study examines the macroarthropod communities of ERS in the Sipsey River 

of west-central Alabama in the southeastern USA.  Because the discharge regime of this 

river is unaffected by dams, the goal of this study was to produce a synoptic database 

describing the baseline community structure for arthropods occurring in ERS habitats in a 

river with a channel form maintained by relatively natural geomorphologic processes. 

The Sipsey River’s unmodified flow regime is key to maintenance of these habitats that 

require unaltered flow simply for their development.  In addition to compiling a synoptic 

database, I also quantified a suite of biotic and abiotic variables describing ERS habitat 

attributes and used these data to assess factors most closely correlated with measures of 

macroarthropod community structure. 



 

Methods 

Study Area 

The Sipsey River is an unregulated river in the East Gulf Coastal Plain 

geomorphic province of Alabama, USA (Benke and Cushing 2005).  Its drainage is 

covered primarily by temperate deciduous forest with less than 1% of its land cover 

considered urban.  Swamps and floodplain forests characterize the riparian wetland 

habitats.  The Sipsey River is known for its high diversity of fish and mollusks (Benke 

and Cushing 2005).  Because it is unregulated and free-flowing, the main channel of the 

Sipsey River is maintained by a relatively natural hydrological regime.  In the reach of 

the river where my study took place (Sipsey River Forever Wild tract, Tuscaloosa 

County), the river channel has wide, looping meanders that are punctuated by extensive 

ERS habitat in the form of point bars composed of sand. 

Study Sites 

Google Earth® imagery was used to locate potential study sites along the 

Sipsey River within the Alabama Forever Wild Land Trust’s Sipsey River Swamp 

Recreation Area and Nature Preserve near Buhl, Alabama (Tuscaloosa Co.).  Possible 

study sites were identified as light patches (assumed to be sand) along the river’s banks.  

These sites were then reconnoitered and five, ranging from point bars to lateral bars, were 

selected for study on the basis of accessibility (Figs. 1, 2, and 3).  Distance between sites 

ranged from as little as 70 m to as much as 1952 m. 

All the study sites were submerged during winter and spring.  When the river 

stage declined during early summer the study sites became exposed.  At this time these 



ERS habitats were largely free of herbaceous vegetation.  Sparse sedges and grasses were 

apparent at some sites, however.  Additionally, some sites were shaded by overhanging 

trees.  As summer progressed, herbaceous cover increased.  One site, a lateral bar in the 

middle of the river that was essentially a semi-permanent island, had both woody and 

herbaceous vegetation as well as a few trees and remained moderately to densely covered 

during the entire study. 

 

Macroarthropod sampling 

Macroarthropod sampling was conducted between June and October of 2010 

when river flow was sufficiently low for significant exposure of ERS.  Sampling began in 

late June when river discharge fell to 8.7 m3/s.  I chose to sample only surface-active 

arthropods to best reflect which species were regularly using this habitat.  Arthropods 

were thus sampled with pitfall traps consisting of 270-ml clear plastic cups containing 

120 ml of water and 1 drop of unscented soap.  A grid of 12 (3 X 4) traps per site was 

deployed so that as much exposed sediment as was available at that site was included 

within the grid.  This resulted in different sized grids depending on the size of the site.  

Each trap was placed between 1 and 4 m apart.  Transects spanned from about 1 m from 

the forest’s edge to about 1 m from the water’s edge.  Traps were deployed for 48 hours 

and their contents were collected on a 250-μm sieve.  All arthropods on the sieve were 

removed and placed in 50 ml polyethylene centrifuge tubes containing 75% ethyl alcohol 

and returned to the laboratory for identification.  Initially, arthropods were identified by 

morphotyping, and then voucher specimens of these morphotypes were identified to the 

lowest practical taxonomic level, usually to genus, but also to the species level in some 



cases.  Any specimens that could not be identified remained classified as morphotypes.  

Sources used for identification included Arnett and Thomas (2000), Arnett et al. (2002), 

Capinera et al. (2004), Fisher and Cover (2007), Merritt et al. (2008), and Cushing and 

Ubick (2009). 

 

Habitat attributes 

Sampling date, river discharge (m3/s, USGS 2010) at time of collection, and 

distance of pitfall trap from the water (m) were recorded for each sample.  Distance from 

the water was calculated as an average of the distances between the outside of the pitfall 

trap and the edge of the water when the traps were both deployed and collected.  Percent 

vegetation cover was qualitatively assessed by sight using a 4-level scale (bare, sparse, 

moderate, dense).  Bare ERS had no vegetation.  Sparse ERS had some herbaceous 

vegetation with some bare patches.  Moderate ERS had denser cover of herbaceous 

vegetation and possibly some woody vegetation with sparse patches.  Dense ERS were 

completely covered in herbaceous and woody vegetation with no sparse patches.  

Elevation (m above sea level) for each site was determined by locating each site’s GPS 

coordinates on a LIDAR image of the Sipsey River Forever Wild tract, and then taking 

the average of 5 points on each site.  Area for each site was measured on each sampling 

date and then averaged across sampling dates. 

  

Statistical Analysis 

To examine the makeup of the ERS communities, I calculated simple diversity 

measures including abundance and taxa richness (Pielou 1977) and community structure 



as defined by a data matrix incorporating both presence and abundance data for each 

species (PRIMER v6/2006, PRIMER-E, Plymouth).  Multivariate techniques including 

analysis of similarities (ANOSIM), similarity percentages (SIMPER), and nonmetric 

multidimensional scaling tests (MDS plots) were used to analyze the relationships 

between community structure and abiotic ERS variables (PRIMER v6/2006).  Before 

calculating the ANOSIM, I generated a dissimilarity matrix from untransformed 

abundance data of all species using the Bray-Curtis coefficient (Bray and Curtis 1957). 

 This coefficient has been identified as very robust in calculating ecological distance 

between similarities of samples (Faith et al. 1987). I then used ANOSIM to compare the 

previously derived average rank similarities of samples between sampling date and site. 

ANOSIM calculations produce an R test statistic between 0 and 1 (Clarke 1993).  R 

statistics were considered significant when they were above 0.4 and marginally 

significant when above 0.35.  In this instance, a higher R statistic indicated a greater 

difference between site community structures. Because my dataset contained a number of 

zeros, especially the abundance data, any assumption of normality was violated.  

ANOSIM, as a nonparametric permutation test, was thus preferable to parametric tests 

that assume normality (Clarke and Warwick 2001).   SIMPER was then used to 

determine percent contributions of each species to overall dissimilarity between 

communities identified by sampling date and site (Clarke and Warwick 2001).  I used 

MDS plots to produce a graphical representation of the different communities when 

grouped by sampling date, site, and categorical distance from the water (m) (Clarke and 

Warwick 2001).  



To analyze differences in diversity (abundance and taxa richness) relative to date, 

site, and distance from water, I conducted two-way ANOVAs and simple linear 

regressions (SPSS Student Version 18.0 statistical software, v6/2010, Prentice Hall, 

Chicago). The two-way ANOVA analyses allowed the detection of interactions between 

sampling date and site.  Tukey HSD post-hoc analyses were then conducted on site and 

sampling date within each two-way ANOVA to determine which dates and sites differed 

significantly from each other.  Simple linear regressions were performed to reveal any 

positive or negative patterns with the two diversity measures and distance from water.  

Abundance and taxa richness data were log+1 transformed prior to ANOVA and 

regression analysis.  

 

Results 

Habitat characteristics 

 The five ERS habitats (Sites 1-5) ranged from a semi-permanent island to 

longitudinal sand bars well connected to the surrounding forest.  Their topography ranged 

from steep to very gradual slopes toward the river.  The sediments composing the 

different sites were predominantly sand.  Sediment at Sites 2 and 5, however, also 

consisted of organic soil patches, and at Site 4, fairly large patches of relatively coarse 

gravel near the river’s edge were present (Table 1). Most sites were bare at the beginning 

of the study (June) but moderate levels of vegetation cover developed towards the end of 

the study (October).  Site 3 remained sparsely vegetated the longest while Site 5 

remained densely vegetated the longest (Table 1). 



Water level of the river generally decreased from July to October with discharge 

being the highest in mid-July (9.37 m3/s) and the lowest in October (1.73 m3/s) (Fig. 4).  

Since river discharge was different on each sampling date and both variables were 

essentially two facets of the same descriptor, sampling date was used in all analyses 

rather than river discharge.  

 

Community Synopsis 

A total of 18,312 individual arthropods representing 189 taxa were collected 

during this study (Appendix Table 1).  Thirty-six percent of these were Solenopsis 

invicta (Formicidae, Hymenoptera), 6.7% were Pardosa sp. (Lycosidae, Araneae), 5.6% 

were Tetragonoderus fasciatus (Carabidae, Coleoptera), and 6.5% were Velarifictorus 

micado (Gryllidae, Orthoptera).  These four taxa comprised more than half of all 

individuals collected.  In terms of taxonomic richness, coleopterans contributed 44% of 

taxa, hemipterans contributed 20%, the Araneae contributed 19%, orthopterans 

contributed 9%, and the ants (Hymenoptera, Formicidae) contributed 9%.  Only 68 of the 

189 taxa identified, however, were represented by >10 individuals.  This assemblage of 

68 “relatively abundant” taxa was composed of coleopterans (41% of taxa), hemipterans 

(19%), orthopterans (15%), Araneae (13%), and formicids (Hymenoptera, 11.8%). 

 

Temporal Patterns 

MDS analysis revealed a distinct pattern in which ERS community structure 

differed visibly between July and October so despite these two months sharing low 

numbers in abundance and taxa richness, the actual species making up the communities 



of each of these months was quite different.  August and September ERS communities 

were spread out between those of July and October (Fig. 5). 

Abundance and taxa richness showed an overall trend of low numbers in July and 

October and peak numbers in August. 

Abundances in July were significantly lower than on any other sampling dates for 

the full community (12.1-14.6 individuals/trap), formicids (0.6-1.8 individuals/trap), 

orthopterans (only for July 1: 1.7 individuals/trap), and hemipterans (0.1-0.2 

individuals/trap; excepting September 3 with 0.4 individuals/trap) (2-way ANOVA, 

Tukey HSD; full community all p<0.001 except July 24/October 1, July 30/October 1, 

July 1/October 8 p<0.01, July 30/October 8 p<0.05, Fig. 6; formicids and orthopterans all 

p<0.001; hemipterans all p<0.001 except October 1/July 30 p<0.01, Fig. 7).  Taxa 

richnesses in July were significantly lower than for any other sampling dates for 

formicids (0.4-0.8 taxa/trap) and hemipterans (0.1-0.2 taxa/trap, excepting September 3 

with 0.3 taxa/trap) (2-way ANOVA, Tukey HSD; formicids all p<0.001; hemipterans all 

p<0.001 except August 23/July 30 p<0.01; Fig. 9).   

Similarly, abundances in October were significantly lower than in any other 

months for coleopterans (22.5-25.1 individuals/trap) and orthopterans (1.5-1.9 

individuals/trap) (2-way ANOVA, Tukey HSD; coleopterans all p<0.001; orthopterans 

all p<0.001 except October 1/July 24 and October 1/ July 30 p<0.01; Fig. 7).  Only 

coleopteran taxa richness was significantly lower in October than for any other sampling 

dates (1.1 taxa/trap) (2-way ANOVA, Tukey HSD; all p<0.001, Fig. 9).   

Abundances and taxa richnesses on August 23 were significantly higher than on 

any other sampling date for the full community (55.6 individuals/trap, 13.0 taxa per trap; 



excepting September 10 with 37.4 individuals/trap, 10.5 taxa/trap), coleopterans (20.5 

individuals/trap, 5.2 taxa/trap), and orthopterans (10.8 individuals/trap, 4.2 taxa/trap; 

excepting September 3 with 8.4 individuals/trap, 3.3 taxa/trap) (2-way ANOVA, Tukey 

HSD; full community abundance all p<0.001 except August 23/September 3 p<0.05, Fig. 

6; full community taxa richness all p<0.001, Fig. 8; coleopteran abundance all p<0.001, 

Fig. 7; coleopteran taxa richness all p<0.001 except August 23/September 3 p<0.05, Fig. 

9; orthopteran abundance and taxa richness all p<0.001, Fig. 7, Fig. 9).   

The Araneae on the other hand, had significantly higher abundances on August 23 (2.7 

individuals/trap) only as compared to abundances in the latter part of July (1.1-1.3 

individuals/trap) and October (1.1-1.4 individuals per trap) (2-way ANOVA, Tukey 

HSD; August 23/July 24 and August 23/October 8, p<0.001, August 23/July 30 p<0.01, 

August 23/October 1 p<0.05, Fig. 7).   

Trends for Araneae taxa richness did not follow any broad pattern (Fig. 9). 

Community structure showed marginally significant differences by sampling date 

(ANOSIM, Global R = 0.362).  Solenopsis invicta (red imported fire ant) contributed the 

most percent dissimilarity, compared to any other species, among samples grouped by 

sampling date (SIMPER, Table 2).  On September 3, the contribution of Solenopsis 

invicta to the similarity of samples was 42% and thus greatly contributed to the 

dissimilarity between samples collected on this date and all previous dates.  This trend 

continued for all subsequent sampling dates when compared to previous dates as 

Solenopsis invicta continuously increased in defining what made samples from a certain 

date similar.  So while Solenopsis invicta did play a large part in the make up of every 

sampling date except July 1 and July 31, the successive increase in the percentage of this 



species within each date’s community caused a measurable community shift as the study 

progressed.   

August 23 showed an additional trend as the only date with a higher percentage of 

Xylosandrus crassiusculus defining similarity of the community (26%). This species thus 

contributed to dissimilarity between August and all other sampling dates.  The only other 

species that contributed a large degree to dissimilarity between sampling dates were 

Stenolophus lecontei, Velarifictorus micado, and Pardosa sp.   

The communities sampled on July 25 and July 31 were the most defined by the 

presence of V. micado, but this species only contributed to dissimilarity between these 

sampling dates and July 1 and September 3.  Additionally, Stenolophus lecontei and 

Pardosa sp. contributed to dissimilarity between July 1 and July 25 and 31, with July 1 

being comparatively more so defined by Stenolophus lecontei and Pardosa sp. 

 

Spatial Patterns 

Abundance and taxa richness patterns in regards to site were very taxa group 

dependant with the only community wide trend on Site 5 being higher abundances than 

all other sites for 3 out of the 5 taxa groups as well as the full community. 

Generally, abundances at Site 5 were significantly greater than at all other sites 

for the full community (30.0 individuals/trap), coleopterans (7.9 individuals/trap, 

excepting Sites 2 and 4), hemipterans (1.2 individuals/trap, excepting Site 1), and the 

Araneae (2.7 individuals/trap, excepting Site 4) (2-way ANOVA, Tukey HSD; full 

community all p<0.01, Fig. 10; coleopterans, hemipterans, and Araneae p<0.001, Fig. 

11).  Contrastingly, abundances of orthopterans were significantly lower at Site 5 (2.4 



individuals/trap) than all other sites except Site 3 (2-way ANOVA, Tukey HSD; all 

p<0.001, Fig. 11). Similar to their abundances, coleopteran (2.9 taxa/trap, excepting Site 

3) and hemipteran (0.9 taxa/trap) taxa richnesses at Site 5 were significantly higher than 

taxa richness at all other sites (2-way ANOVA, Tukey HSD; coleopterans all p<0.05; 

hemipterans all p<0.001 except 1/5 p<0.01; Fig. 13).   

At Site 3, taxa richness of the full community (5.9 taxa/trap) was significantly 

lower than at all other sites (2-way ANOVA, Tukey HSD; all p<0.001 except 3/4 p<0.01, 

Fig. 12).  Contrastingly, formicid abundances at Site 3 (10.1 individuals/trap) were 

significantly higher than all other sites (2-way ANOVA, Tukey HSD; all p<0.001 except 

3/5 p<0.01, Fig. 11).   

Taxa richnesses at Site 2 were significantly higher than at all other sites except 

Site 4 for formicids only (1.5 taxa/trap) (1.1 taxa/trap, 2-way ANOVA, Tukey HSD; 2/1 

and 2/3 p<0.001, 2/5 p<0.01, Fig. 13).  Additionally, Orthopteran taxa richnesses at Sites 

1 (2.5 taxa/trap) and 2 (2.4 taxa/trap) were significantly higher than taxa richness at all 

other sites (2-way ANOVA, Tukey HSD; all p<0.001, Fig. 13). 

Araneae taxa richness did not differ between sites (Fig. 13). 

When community structure of samples was grouped by site, there were no 

significant differences between sites (ANOSIM, Global R = 0.162).  The following 

SIMPER results are thus a purely qualitative look at the community similarities and 

differences by site (Table 3).  Similarities between samples collected on Site 3 were 

predominately due to Solenopsis invicta (67% of similarity between Site 3 samples was 

due to this one species).  Solenopsis invicta thus was the driving species leading to 

dissimilarity between Site 3 and all other sites.  Sites 1, 2, and 4 all shared Solenopsis 



invicta, V. micado, and Pardosa sp. as 3 of the top species contributing to community 

similarities within these sites.  Site 2 was additionally defined by Stenolophus lecontei 

and Site 4 by Xylosandrus crassiusculus.  On Site 5, Solenopsis invicta, Pardosa sp., and 

Stenolophus lecontei contributed the most to sample similarity.  As can be seen on all 

sites as a whole, Solenopsis invicta was a predominant component of all ERS 

communities studied.  In regards to dissimilarity between sites, the abundance of 

Solenopsis invicta resulted in the majority of site differences, but not due to its absence 

on certain sites.  Instead, the differences in abundance of this species resulted in the 

dissimilarity seen between all sites, except between Site 4 and Sites 1 and 3.  Site 4’s 

community being defined in large part by V. micado (23% compared to S. invicta at 21%) 

resulted in this species also driving dissimilarity between Site 4 and Sites 1 and 3. 

MDS analysis also did not show any significant patterns for samples grouped by 

site (Fig. 14). 

 

Spatial Patterns in Relation to Distance from Water 

Abundance and taxa richness in regards to distance from water did not reveal 

consistent trends for any taxa groups and none of the relationships were very strong.  It 

should also be noted that due to the previously mentioned results based on site, different 

sites had slightly different communities to begin with, therefore precluding the possibility 

that taxa groups would reveal consistent trends in relation to distance from the water. 

At Site 1, abundance increased with increasing distance from water for the full 

community, coleopterans, formicids, orthopterans, and hemipterans (Linear regression; 

full community p<0.001, R2=0.200; coleopterans p<0.01, R2=0.081; formicids p<0.01, 



R2=0.107; orthopterans p<0.01, R2=0.088; hemipterans p<0.01, R2=0.102).  Taxa 

richness at Site 1 increased with increasing distance from the water for the full 

community, formicids, orthopterans, and hemipterans, but decreased with increasing 

distance from the water for coleopterans (Linear regression; full community p<0.01, 

R2=0.107; formicids p<0.01, R2=0.075; orthopterans p<0.05, R2=0.041; p<0.05, 

R2=0.042; coleopterans p<0.05, R2=0.058). 

At Site 2, full community, coleopteran, orthopteran, and Araneae abundances 

decreased with increasing distance from the water while formicid abundance increased 

with increasing distance from the water (full community p<0.05, R2=0.044; coleopterans 

p<0.001, R2=0.243; orthopterans p<0.05; Araneae p<0.05, R2=0.043; R2=0.044; 

formicids p<0.01, R2=0.073).  Full community, coleopteran, and orthopteran taxa 

richnesses decreased with increasing distance from the water while formicid taxa richness 

increased with increasing distance from the water at Site 2 (Linear regressions; full 

community p<0.01, R2=0.1002; coleopterans p<0.001, R2=0.240; orthopterans p<0.01, 

R2=0.085; formicids p<0.05, R2=0.043).  

At Site 3, abundances of the full community, formicids, and the Araneae and taxa 

richness of hemipterans increased with increasing distance from the water (Linear 

regression; full community p<0.01, R2=0.103; formicids p<0.01, R2=0.121, Araneae 

p<0.01, R2=0.122; hemipterans p<0.05, R2=0.044). 

At Site 4, abundances of the full community and formicids and taxa richness of 

formicids increased with increasing distance from the water (Linear regression; full 

community p<0.001, R2=0.138; formicids p<0.01, R2=0.104, p<0.01, R2=0.121).  



On Site 5, orthopteran and Araneae taxa richness and Araneae abundance 

decreased with increasing distance from the water (Linear Regression; orthopterans 

p<0.05, R2=0.065, Aranea p<0.01, R2=0.071). 

Community structure was not significantly affected by distance from the water’s 

edge (ANOSIM, Global R = 0.072). 

MDS analysis of samples grouped by categorical distance from the water did not 

show any obvious pattern (Fig. 15). 

 

Discussion 

In terms of dominant macroarthropod taxa, the ERS habitats of the Sipsey river 

are relatively similar, with Solenopsis invicta (Formicidae, Hymenoptera) and Pardosa 

sp. (Lycosidae, Araneae), each being one of the most common species at all sites sampled 

in this study (Table 3).  Secondarily, Velarifictorus micado (Gryllidae, Orthoptera) and 

Tetragonoderus fasciatus (Carabidae, Coleoptera) were each one of the most common 

species at 3 out of the 5 sites (V. micado on 1,2, 4 and T. fasciatus on 3, 4, 5) (Table 3).  

V. micado’s lack of abundance on Sites 3 and 5 could be due to these 2 sites being the 

least connected to the surrounding forest and so the least connected to available open 

grassy areas. 

My findings at the Sipsey River parallel similar findings from other studies of 

ERS habitats elsewhere in North America and Europe.  For example, Kearsley et al. 

(2006) examined riparian macroarthropod communities along the Colorado River in the 

southwestern USA and used Indicator Species Analysis to show that this habitat 

contained a community dominated by gryllids (ground crickets), carabids (ground 



beetles), and ground spiders. Horn and Ulyshen (2009) examined ERS macroarthropod 

communities in the southeastern USA and found that carabid beetles contributed 28.2% 

and spiders 18.6% to total abundance.  These two taxa were also two of the three most 

prominently occurring taxa in ERS habitats in Europe. 

 

Biology of ERS macroarthropods 

Gryllidae (ground crickets) and Tridactylidae (pygmy mole “crickets”) were the 

families of orthopterans most abundant in ERS habitats at the Sipsey River (Table 3).  

Gryllidae in general have been noted as inhabiting the soil surface and shallow burrows 

dug into dirt or sand (Alexander 1968).  The mating practices of Velarifictorus micado 

have been studied extensively, and it has been found that they construct burrows from 

soft sediment (such as sand) with hooded entrances from which they call to females 

(Alexander 1961).  Tridactylidae are known to inhabit wet areas including riparian zones 

where they feed on algae by burrowing into moist sand along riverbanks to reach algae 

trapped in the sediment (Bastow et al. 2002, Deyrup 2005).   

The Carabidae and Curculionidae comprised the dominant beetles of ERS habitats 

at the Sipsey River (Table 3).  The carabids in general require moist soil conditions 

(Kearsley et al. 2006), and T. fasciatus in particular was found to be one of the significant 

indicator species of the shoreline habitat by Kearsley et al. (2006) as well as my study.  

The curculionid that dominated the community was X. crassiusculus (the Asian Ambrosia 

Beetle), which is an exotic species discussed more in depth below.  



As mentioned previously, one species of ant, Solenopsis invicta, was found to 

dominate the community more so than any other species. S. invicta has not surprisingly 

been noted as quite hydrophilic (Table 3) (Tschinkel 1988, Kearsley et al. 2006).   

The only spider family that dominated the ERS community was the Lycosidae 

(wolf spiders).  These spiders are commonly found in riparian areas because of their need 

for emerging aquatic insects as food (this is discussed more in depth below) (Table 3). 

As an ecotone representing a spatially dynamic interface between aquatic and 

terrestrial habitats, ERS may contain abundant prey for terrestrial macroarthropods in the 

form of emerging aquatic insects.  Paetzold et al. (2005), for example, found that 

emerging aquatic insects made up 50% of the diet of Pardosa and 100% of the diets of 

carabids in riparian habitats in Italy. Taxa such as these may thus dominate ERS habitats 

due to abundant and vulnerable prey (Foelix 1996, Paetzold et al. 2005).  A study of 

Coleoptera in ERS habitats in Germany (Hering and Plachter 1997) explained higher 

numbers of beetles in May and June on basis of the seasonal availability of emerging 

aquatic insects as food.  Paetzold et al. (2006) experimentally manipulated aquatic 

resource subsidies and found that increasing subsidies increased ERS macroarthropod 

abundance by 110% and decreasing subsidies decreased ERS macroarthropod abundance 

by 51%.  These findings further emphasize the importance of aquatic-terrestrial 

interconnections that are fundamental to the ERS habitat.   

Contrary to what I expected to find based on previous literature, neither the 

Araneae nor the Coleoptera in my study showed any trend in regards to distance from the 

river as, depending on site, their abundance and taxa richness was both positively and 

negatively related to distance from the river.  This could have been due to a topographic 



effect, which caused some sites to allow easier access to aquatic subsides while others 

allowed easier access to subsidies from the surrounding forest.  

 

Community dynamics of ERS macroarthropods 

Community structure of the ERS macroarthropods showed strong seasonal 

changes (Fig. 5). As a whole, the macroarthropod community of ERS on the Sipsey River 

appears to be most abundant and taxa-rich in August and least abundant and taxa rich in 

July and October (Figs. 6, 7, 8, 9).  These diversity measures may have been low in July 

because the water levels were still very high.  Once water levels fell, species could begin 

colonizing ERS until they reached maximum abundance numbers in August.  From 

September until October numbers may have decreased due to individuals dying off once 

their life cycles had come to completion.   

Unlike previous studies, which showed that spiders and ground beetles drove 

temporal community dynamics, I found S. invicta (a formicid) to have the most dominant 

effect (Table 2).  S. invicta’s absence on the first sampling date and then successive 

increase in abundance as the study continued, eventually led to its being the only 

dominating species besides Pardosa sp. and another ant species, Dorymyrmex sp., by 

October.  One factor in August 23 having the highest abundance was the predominance 

of X. crassiusculus on this date compared to all other dates (Table 2).  Taxa richness in 

August was comparatively high because of the coleopteran and orthopteran populations 

on this date consisting of a wide variety of species (Fig. 9).   

 

Invasive species and ERS habitat 



Surprisingly, several invasive species of macroarthropods were found to be 

dominant members of the ERS community of the Sipsey River.  Collectively, three exotic 

species made up nearly 50% of all macroarthropods sampled (9085 of 18,312 

individuals).  Solenopsis invicta composed 36% of all macroarthropods collected and 

80.3% of all formicids collected.  Velarifictorus micado composed 6.5% of all 

macroarthropods collected and 39.3% of all orthopterans collected. Similarly, the Asian 

Ambrosia Beetle (X. crassiusculus) accounted for 6.2% of all macroarthropods collected 

and 22% of all coleopterans collected.  The presence of exotic macroarthropods in ERS 

communities has been previously reported, however.  Kearsley et al. (2006) for example, 

showed that exotic arthropods tended to occur in habitats closest to the Colorado River 

and suggested that the high level of disturbance experienced by shoreline environments 

was responsible for the high abundance of exotic species here.  

Two of the three exotic species found to dominate the ERS communities of the 

Sipsey River have the potential to have significant effects on native taxa.  Xylosandrus 

crassiusculus does not pose any threat to ERS flora directly, but their habit of boring into 

and inoculating native trees with fungus could pose a threat to the surrounding forest 

(Coyle et al. 2005, Dute et al. 2002, Oliver and Mannion 2001).  Solenopsis invicta, 

however, has the potential to have very significant direct effects to ERS.  In a study 

conducted in Texas, USA (Porter and Savignano 1990), S. invicta had strong negative 

effects on both the species richness and abundance of native ant fauna.  Sites colonized 

by S. invicta also had a much greater abundance of ants.  While total species richness of 

arthropods was found to significantly lower in the presence of S. invicta, ground crickets 

were actually found to increase in abundance (Porter and Savignano 1990).  



Unfortunately, little is known about the ecology of Velarifictorus micado. Regardless, 

exotic species are a potentially serious problem as they could compete with native species 

for food and habitat (Kearsley et al. 2006). 

 

Summary 

This study reveals the truly dynamic and diverse nature of the ERS habitat.  As a 

habitat that is extremely vulnerable to anthropogenic disturbance such as channelization 

and regulation it is also a habitat of concern.  The ecotonal nature of the ERS habitat 

provides a vital linkage to the food resource of emerging aquatic insects for a number of 

predatory riparian arthropods.  Finally, the macroarthropod abundance of ERS habitats of 

the Sipsey River is dominated by exotic species (>50% of total abundance).  It is thus 

possible that such invader species may have a negative impact on the community rivaling 

that of anthropogenic disturbance. 
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Table 1.  Selected habitat attributes for each study site. 

 
Site Approx. 

Elevation 
(m above 
sea level) 

Relative 
Vegetation 
Index 

Qualitative 
vegetation 
description 

Area 
(m2) 

Latitude (N)/ 
Longitude 
(W) 

General 
topography 
description 

1 164.8 sparse - 
moderate 

Patchy 
herbaceous 
vegetation 

97.11 33.212900°/     
-87.793711° 

Mound-
shaped, very 
steeply 
sloped, all 
sand 

2 163.6 bare - 
moderate 

2 trees, 
woody 
debris, 
patchy 
herbaceous 
vegetation 

120.71 33.215768°/     
-87.792280° 

Flat, gradually 
sloped, sand 
and soil 

3 145.8 bare - 
sparse 

Mostly 
bare, very 
few 
patches of 
herbaceous 
vegetation 

74.53 33.226889°/     
-87.781798° 

Slightly 
separate from 
the forest, 
projecting 
into the river, 
fairly steeply 
sloped, all 
sand 

4 155 bare - 
moderate 

Several 
trees, some 
woody 
debris, 
patchy 
herbaceous 
vegetation 

210.90 33.232919°/     
-87.777033° 

Flat, 
extremely 
gradually 
sloped, sand 
and gravel 

5 149.4 moderate - 
dense 

Several 
trees, some 
woody 
debris, 
dense 
herbaceous 
vegetation 

341.21 33.232222°/     
-87.777331° 

Semi-
permanent 
island, fairly 
gradually 
sloped, sand 
and soil 

 



Table 2.  Taxa contributing the most to similarity (>5%) within sampling dates at ERS 

sites on the Sipsey River, Tuscaloosa Co., Alabama (SIMPER). 

 
Sampling Date Order Family Genus 

Species 
Average 
Abundance 

% 
Contributing 
to similarity 

July 1 Coleoptera Carabidae Stenolophus lecontei 4.01 32.04 
July 1 Coleoptera Carabidae Elaphropus sp. 1.87 16.30 
July 1 Orthoptera Gryllidae Velarifictorus micado 1.31 5.24 
July 1 Araneae Lycosidae Pardosa sp. 2.55 30.43 
July 1 Orthoptera Acrididae Arphia sp. 1.00 5.85 
July 24 Orthoptera Gryllidae Velarifictorus micado 4.13 30.22 
July 24 Araneae Lycosidae Pardosa sp. 3.07 14.79 
July 24 Hymenoptera Formicidae Solenopsis invicta 2.12 11.05 
July 24 Coleoptera Carabidae Stenolophus lecontei 1.37 10.09 
July 24 Coleoptera Carabidae Tetragonoderus fasciatus 1.03 7.89 
July 24 Coleoptera Carabidae Elaphropus sp. 1.00 5.11 
July 31 Orthoptera Gryllidae Velarifictorus micado 4.12 31.42 
July 31 Araneae Lycosidae Pardosa sp. 1.87 16.26 
July 31 Coleoptera Carabidae Stenolophus lecontei 1.93 10.88 
July 31 Hymenoptera Formicidae Solenopsis invicta 1.47 8.49 
July 31 Coleoptera Carabidae Elaphropus sp. 1.08 8.02 
July 31 Coleoptera Carabidae Tetragonoderus fasciatus 1.23 7.52 
August 23 Hymenoptera Formicidae Solenopsis invicta 16.23 26.77 
August 23 Coleoptera Curculionidae Xylosandrus crassiusculus 12.55 25.65 
August 23 Araneae Lycosidae Pardosa sp. 4.03 9.18 
August 23 Orthoptera Gryllidae Velarifictorus micado 3.10 7.84 
August 23 Coleoptera Carabidae Tetragonoderus fasciatus 6.23 5.22 
September 3 Hymenoptera Formicidae Solenopsis invicta 15.36 42.34 
September 3 Orthoptera Gryllidae Velarifictorus micado 4.05 12.21 
September 3 Araneae Lycosidae Pardosa sp. 2.59 10.48 
September 3 Coleoptera Carabidae Tetragonoderus fasciatus 3.80 6.22 
September 10 Hymenoptera Formicidae Solenopsis invicta 33.37 56.25 
September 10 Coleoptera Curculionidae Xylosandrus crassiusculus 5.08 12.62 
September 10 Araneae Lycosidae Pardosa sp. 1.92 7.17 
September 10 Orthoptera Gryllidae Velarifictorus micado 1.92 6.03 
October 1 Hymenoptera Formicidae Solenopsis invicta 20.38 79.86 
October 1 Araneae Lycosidae Pardosa sp. 1.45 6.46 
October 8 Hymenoptera Formicidae Solenopsis invicta 20.07 84.03 
October 8 Araneae Lycosidae Pardosa sp. 1.17 5.57 

 

 



Table 3.  Taxa contributing the most to similarity (>5%) within ERS sites on the Sipsey 

River, Tuscaloosa Co., Alabama (SIMPER). 

Site Order Family Genus 
Species 

Average 
Abundance 

% Contributing 
to similarity 

1 Hymenoptera Formicidae Solenopsis invicta 10.68 36.4 
1 Orthoptera Gryllidae Velarifictorus micado 2.59 12.81 
1 Araneae Lycosidae Pardosa sp. 1.12 10.75 
1 Orthoptera Acrididae Arphia sp. 1.05 7.88 
1 Orthoptera Tridactylidae Ellipes minuta 1.02 5.54 
2 Hymenoptera Formicidae Solenopsis invicta 4.66 20.52 
2 Coleoptera Carabidae Stenolophus lecontei 2.95 15.49 
2 Orthoptera Gryllidae Velarifictorus micado 2.13 11.04 
2 Araneae Lycosidae Pardosa sp. 2.84 10.73 
2 Coleoptera Carabidae Elaphropus sp. 1.83 7.62 
2 Orthoptera Tridactylidae Ellipes minuta 1.27 7.14 
2 Hymenoptera Formicidae Formica sp. 1.69 6.45 
3 Hymenoptera Formicidae Solenopsis invicta 27.31 66.8 
3 Araneae Lycosidae Pardosa sp. 1.61 9.81 
3 Coleoptera Carabidae Tetragonoderus fasciatus 1.27 5.53 
4 Orthoptera Gryllidae Velarifictorus micado 4.56 22.79 
4 Hymenoptera Formicidae Solenopsis invicta 7.12 21.43 
4 Araneae Lycosidae Pardosa sp. 2.37 17.71 
4 Coleoptera Carabidae Tetragonoderus fasciatus 4.71 13.63 
4 Hymenoptera Formicidae Dorymyrmex sp. 4.02 9.26 
5 Hymenoptera Formicidae Solenopsis invicta 13.21 29.62 
5 Araneae Lycosidae Pardosa sp. 3.83 26.56 
5 Coleoptera Carabidae Stenolophus lecontei 3.46 12.48 
5 Coleoptera Carabidae Tetragonoderus fasciatus 3.63 8.49 

 



Figure captions 

Figure 1.  Google Earth® image of Sipsey River study area.  Study sites indicated by 

green arrows. 

Figure 2.  Photograph of site 1 pre-sampling.  (Photographed by M. E. Wilson) 

Figure 3.  Photograph of an ERS habitat across the river.  Displays context of ERS in the 

Sipsey River system.  (Photographed by M. E. Wilson 

Figure 4.  Sipsey river daily discharge, in m3/s, for June through October of 2010.  

Discharge on sampling dates indicated by triangles. 

(http://waterdata.usgs.gov/usa/nwis/uv?site_no=02446500) 

Figure 5.  MDS plot of samples grouped by sampling date from July 1 to October 8  

2010. 

Figure 6.  Mean abundance of the full community for samples collected on July 1, July 

24, July 30, August 23, September 3, September 10, October 1, and October 8 of 

2010.  Letters above bars refer to significant differences. 

Figure 7.  Mean abundance of selected taxa for samples collected on July 1, July 24, July 

30, August 23, September 3, September 10, October 1, and October 8 of 2010.  

Letters above bars refer to significant differences. 

Figure 8.  Mean taxa richness of the full community for samples collected on July 1, July 

24, July 30, August 23, September 3, September 10, October 1, and October 8 of 

2010.  Letters above bars refer to significant differences. 

Figure 9.  Mean taxa richness of selected taxa for samples collected on July 1, July 24, 

July 30, August 23, September 3, September 10, October 1, and October 8 of 2010.  

Letters above bars refer to significant differences. 

http://waterdata.usgs.gov/usa/nwis/uv?site_no=02446500


Figure 10.  Mean abundance of the full community for samples collected at sites 1-5 

during summer 2010.  Letters above bars refer to significant differences. 

Figure 11.  Mean abundance of selected taxa for samples collected at sites 1-5 during 

summer 2010.  Letters above bars refer to significant differences. 

Figure 12.  Mean taxa richness of the full community for samples collected at sites 1-5 

during summer 2010.  Letters above bars refer to significant differences. 

Figure 13.  Mean taxa richness of selected taxa for samples collected at sites 1-5 during 

summer 2010.  Letters above bars refer to significant differences. 

Figure 14.  MDS plot of samples grouped by site. 

Figure 15.  MDS plot of samples grouped by categorical distance from the water (1 = 0–

2 m from the water, 2 = 2.1-4 m, 3 = 4.1-6m, and 4 = 6.1+ m). 
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Appendix 

Table 1.  All species collected on ERS habitats of the Sipsey River during the summer of 

2010 along with the total abundance of each. 

Family Sub-family Genera Species Abundance 
COLEOPTERA     
Carabidae Trechinae Elaphropus  445 
Carabidae Harpalinae Stenolophus  lecontei 848 
Carabidae Harpalinae Stenolophus ochropezus  
Carabidae Harpalinae Selonophorus  35 
Carabidae Harpalinae Chlaenius sericeus 110 
Carabidae Harpalinae Chlaenius tricolor 20 
Carabidae Harpalinae Tetragonoderus fasciatus 1033 
Carabidae Harpalinae Cylindrocharis 

(Pterostichus) 
rostratus 5 

Carabidae Harpalinae Apristus  19 
Carabidae Cicindelinae Cicindela repanda 

repanda 
31 

Carabidae Cicendelinae Cicindela punctulata 
punctulata 

2 

Carabidae Cicendelinae Tetracha carolina 8 
Carabidae Scaritinae Semiardistomis  133 
Carabidae Scaritinae Aspidoglossa subangulata 2 
Carabidae Scaritinae MF  3 
Carabidae Scaritinae MH  4 
Carabidae Scaritinae ML  1 
Carabidae Scaritinae Scarites  15 
Carabidae Scaritinae Clivina ferrea 14 
Carabidae Scaritinae Clivina bipustulata 4 
Carabidae Scaritinae Dyschirius analis 1 
Carabidae Brachininae Brachinus  97 
Carabidae Omophroninae Omophron americanum 95 
Carabidae MQ   1 
Elmidae Elminae Macronychus  16 
Elmidae Elminae Stenelmis  5 
Coccinellidae Coccinellinae Psyllobora  1 
Scarabaeidae Scarabaeinae Pseudocanthon perplexus 132 
Scarabaeidae Scarabaeinae Canthon  8 
Scarabaeidae Aphodiinae Ataenius  71 
Scarabaeidae Aphodiinae Aphodius  100 
Scarabaeidae Melolonthinae Phyllophaga phyllophaga 2 
Elateridae Elaterinae Glyphonyx  8 
Elateridae Elaterinae MJ  1 
Elateridae Negastriinae Negastrius  52 
Elateridae Negastriinae Paradonus  3 
Elateridae Agrypninae Conoderus bellus 8 
Elateridae Agrypninae Rismethus  2 
Elateridae Cebrioninae Selonodon  2 
Eucnemidae  Deltometopus amoenicornis 2 
Gyrinidae  Dineutus discolor 1 
Chrysomelidae Galerucinae Chaetocnema  301 



Chrysomelidae Galerucinae Altica  3 
Chrysomelidae Galerucinae Longitarsus  170 
Chrysomelidae Galerucinae Capraita  1 
Chrysomelidae Galerucinae Strabala rufa 1 
Chrysomelidae Galerucinae Kuschelina  4 
Chrysomelidae Eumolpinae Metachroma longicolle 4 
Chrysomelidae Eumolpinae Paria  4 
Melyridae Rhadalinae Rhadalus  2 
Histeridae Saprininae Hypocaccus  30 
Curculionidae Cyclominae Listronotus  8 
Curculionidae Scolytinae Xyleborus  1140 
Curculionidae Dryophthorinae Sphenophorus  5 
Curculionidae Erirhininae Tournotaris bimaculatus 13 
Curculionidae Ceutorhynchinae Rhinoncus  1 
Curculionidae DE   2 
Curculionidae FN   2 
Curculionidae MR   1 
Curculionidae MU   1 
Nitudilidae Nitidulinae Stelidota  13 
Dytiscidae Copelatinae Copelatus  2 
Anthicidae Anthicinae Acanthinus scitulus 5 
Anthicidae Notoxinae Notoxus murinipennis 3 
Anthicidae Anthicinae Sapintus  2 
Anthicidae MI   1 
Anthicidae MN   1 
Staphylinidae Paederinae Lobrathium  15 
Staphylinidae Steninae Stenus  15 
Staphylinidae J   31 
Staphylinidae MO   1 
Staphylinidae MP   2 
Heteroceridae  Tropicus  2 
Erotylidae Erotylinae Triplax  1 
Unknown KN   4 
Unknown LZ   6 
Unknown MA   1 
Unknown MB   5 
Unknown MC   1 
Unknown MD   1 
Unknown MG   1 
Unknown MS   1 
Unknown MT   1 
HEMIPTERA     
Cercopidae  Prosapia bicincta 11 
Gelastocoridae  Gelastocoris oculatus 28 
Coreidae Coreinae AY  1 
Hydrometridae  Hydrometra  1 
Blissidae  Blissus  206 
Nepidae  Ranatra  2 
Cicadellidae DY   4 
Cicadellidae FZ   17 
Cicadellidae GP/HZ   29 
Cicadellidae HX   8 
Cicadellidae KM   33 



Rhyparochromidae IB   25 
Rhyparochromidae JH   1 
Rhyparochromidae KJ   6 
Aphididae IR   22 
Aphididae IU/JU   48 
Aphididae IV   13 
Aphididae LW   1 
Cicadoidea GV/JL   18 
Cicadoidea EA   1 
Cicadoidea FO   3 
Cicadoidea DU/LD/FS   13 
Pentatomidae Pentatominae Mormidea lugens 1 
Notonectidae  Notonecta  1 
Cercopidae LB   1 
Miridae LU   2 
Unknown JM   1 
Unknown DP   2 
Unknown IA   25 
Unknown JQ   2 
Unknown JX   1 
Unknown LC   1 
Unknown LV   2 
Unknown LX   1 
Unknown LY   1 
ARANEAE     
Lycosidae  Pardosa 1 1218 
Lycosidae  Pardosa 2 5 
Lycosidae  Pardosa 3 5 
Lycosidae  Pardosa 4 11 
Lycosidae MM   10 
Lycosidae  Schizocosa  2 
Lycosidae CI Pirata 1 1 
Lycosidae DM Pirata 2 10 
Lycosidae GY/HL/KE   18 
Lycosidae  Rabidosa  10 
Lycosidae IX   3 
Thomisidae BD   2 
Thomisidae JF   1 
Thomisidae FJ   1 
Thomisidae MZ   1 
Salticidae CS   11 
Salticidae DV   1 
Salticidae ED   1 
Araneidae JI   2 
Tetragnathidae MY   1 
Unknown EG   5 
Unknown EI   2 
Unknown EM   3 
Unknown EN   1 
Unknown HD   1 
Unknown HN   1 
Unknown IC   1 
Unknown KA   4 



 

Unknown KQ   2 
Unknown MX   1 
Unknown CZ   1 
Unknown CX   1 
Unknown R   17 
Unknown L   1 
Unknown SS   3 
Unknown CD   77 
FORMICIDAE     
Formicidae Myrmicinae Crematogaster  55 
Formicidae Myrmicinae Solenopsis invicta 6537 
Formicidae Myrmicinae Pheidole  3 
Formicidae Myrmicinae Tapinoma  345 
Formicidae Myrmicinae Myrmecina  2 
Formicidae Formicinae Myremcocystus  211 
Formicidae Formicinae Camponotus 1 79 
Formicidae Formicinae Camponotus 2 10 
Formicidae Formicinae Camponotus 3 4 
Formicidae Formicinae Formica  1 
Formicidae Formicinae Paratrechina  13 
Formicidae Ponerinae Hypoponera  1 
Formicidae Amblyoponinae Amblyopone  3 
Formicidae Dolichoderinae Dorymyrmex  875 
Formicidae Pseudomyrmecinae Pseudomyrmex  1 
Formicidae HF ???  2 
ORTHOPTERA     
Acrididae Oedipodinae Arphia nymph??  330 
Acrididae Hyalopteryginae Metaleptea brevicornis 61 
Acrididae Romaleinae Romalea guttata 2 
Tridactylidae  Ellipes minuta 365 
Tridactylidae  Neotridactylus apicalis 133 
Gryllidae Gryllinae Velarifictorus micado 1186 
Gryllidae Gryllinae Gryllus firmus 287 
Gryllidae Gryllinae Miogryllus saussurei 279 
Gryllidae Nemobiinae Allonemobius socius 59 
Tetrigidae Batrachideinae Tettigidea lateralis 77 
Gryllotalpidae  Neocurtilla  1 
Unknown P Unknown  221 
Unknown LJ ???  3 
Unknown LM ???  1 
Unknown LN ???  3 
Unknown CH ???  5 
Unknown EZ ???  7 
     


