
Proceedings of the South Dakota Academy of Science, Vol. 92 (2013) 31

ASSEMBLAGE STRUCTURE OF CHIRONOMIDAE 
(DIPTERA: INSECTA) FROM WADEABLE  

STREAMS OF THE NORTHERN GLACIATED 
PLAINS, SOUTH DAKOTA, USA

Arjun Kafle, Nels H. Troelstrup, Jr.*, Jacob R. Krause,  
and Katie N. Bertrand

Department of Natural Resource Management
South Dakota State University 

Brookings, SD 57007
*Corresponding author email: nels.troelstrup@sdstate.edu 

ABSTRACT

Chironomidae larvae are highly abundant and taxonomically and functionally 
diverse in prairie streams.  However, the contribution of Chironomidae to mac-
roinvertebrate community structure and their community composition have not 
been explored extensively in wadeable perennial streams of the northern plains.  
Our objectives were to 1) assess the contribution of Chironomidae assemblage 
structure, 2) characterize assemblage composition, guild structure and pollution 
tolerance of larvae and 3) quantify relationships with physical habitat and surface 
water quality within the Northern Glaciated Plains ecoregion of eastern South 
Dakota.  Reach-wide composite macroinvertebrate samples were collected using 
a D-frame net (500 μm) from 41 sites during 2010 and 2011.  Macroinverte-
brate samples were sorted and identified to genus. Chironomidae comprised 
from 2 to 93% (x = 39%) of total macroinvertebrate abundance and 19 to 60% 
(x = 39%) of total richness across all sites and sampling events.  Chironomini 
(52.3%), Tanytarsini (27.7%), and Orthocladiinae (8.7%) were most abundant 
across all sites.  Abundant genera included Polypedilum (19.8%), Paratanytar-
sus (11.4%), Chironomus (10.7%), Rheotanytarsus (8.0%), Stictochironomus 
(7.9%), Pseudochironomus (6.6%), and Cricotopus (6.1%).  Collector-gatherers 
and shredders contributed 49.7% and 28.3% of total feeding guild abundance, 
respectively.  Burrowers (33.4%) and climbers (28.0%) comprised the majority 
of habit guild abundance.  Tolerance to organic pollution (HBI) ranged from 
3.4 to 9.8 (x = 6.6) on a 10 point scale.  Percent Tanytarsini, climbers, shred-
ders, and HBI were significantly correlated with total suspended solids, dissolved 
oxygen, and percent fine substrates.  These results suggest that Chironomidae 
could be useful for prairie stream assessment because of their contribution to 
macroinvertebrate community structure and sensitivity to human disturbance 
within this ecoregion.
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INTRODUCTION

Northern prairie streams are ecologically important because of goods and 
services they provide to man and his environment (Dodds et al. 2004).  Despite 
their ecological significance, nearly 65% of South Dakota’s assessed streams fail 
to support all beneficial uses due primarily to intensive agricultural practices (SD 
DENR 2012).  Approximately 90% of prairie grassland area has been converted 
into farmland in the upper Midwest, USA (Samson and Knopf 1994).  These 
land use practices are both intensive and extensive, influencing assemblage 
structure of aquatic biota and consequently goods and ecosystem services they 
provide (Matthews 1988; Dodds et al. 2004; Heatherly et al. 2007).  Assess-
ment and monitoring are important because data generated from these activities 
can be used to evaluate stream health and aquatic-life uses. Macroinvertebrate 
assemblage structure has been used successfully to assess stream biological integ-
rity due to limited mobility of most invertebrate species, continuous exposure 
to contaminants, and relatively long life cycles of resident species (Resh and 
Unzicker 1975; Plafkin et al. 1989; Barbour et al. 1996; Larson and Troelstrup 
2001; Heatherly et al. 2007; Raymond and Vondracek 2011).

 One of the most abundant macroinvertebrate families is the Chironomidae 
(Class Insecta; Order Diptera).  This family is comprised of nearly 5000 species, 
many of which are cosmopolitan in distribution (Armitage et al. 1995; Fer-
rington 2007).  Chironomidae larvae are both taxonomically and functionally 
diverse in aquatic systems, represent most feeding and habit guilds, and have a 
wide range of tolerance values to varying environmental conditions (Armitage 
et al. 1995; Barbour et al. 1999; Helson et al. 2006; Vander Vorste 2010).  The 
larvae play important roles in aquatic ecosystems because of their high relative 
abundance, contribution to nutrient cycling, high productivity, diverse guild 
structure, and trophic position within aquatic food webs (Berg and Hellenthal 
1992; Anderson et al. 2012). 

Chironomidae are often considered to be indicators of polluted water (Thorne 
and Williams 1997; Heatherly et al. 2007; Brisbois et al. 2008), but species vary 
in their sensitivity to human impairment (Lenat 1983; Armitage et al. 1995; 
Ferrington 2007).  Genera of some subfamilies and tribes are adapted to inhabit 
impaired stream sites, but many are highly sensitive to impaired water quality 
and habitat conditions (Lenat 1983; Kleine and Trivinho Strixino 2005; Helson 
et al. 2006; Meng et al. 2009).  For example, Chironomus and Stictochironomus 
are generally more abundant from impaired streams (Janssens de Bisthoven and 
Gerhardt 2003; Simião-Ferreira et al. 2009).  These genera take advantage of 
depositional habitat and function as trophic generalists (Armitage et al. 1995).  
In contrast, Tvetenia, Orthocladius and Microspectra are sensitive to elevated lev-
els of organic pollution and are highly abundant in unimpaired streams (Janssens 
de Bisthoven and Gerhardt 2003; Vander Vorste 2010). 

 Before Chironomidae can be used to monitor regional stream health, 
baseline data are needed to characterize patterns in assemblage structure and 
relationships to water quality and habitat conditions.  Previous research in 
northern intermittent prairie streams and one wadeable perennial stream has 
demonstrated that Chironomidae contribute a significant proportion of total 
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macroinvertebrate abundance and richness and can be used as indicators of wa-
ter quality (McCoy and Hales 1974; Harris et al. 1999; Larson and Troelstrup 
2001; Lorenzen 2006; Vander Vorste et al. 2008).  However, these studies were 
not performed on larger wadeable perennial streams within an entire ecoregion.  
Thus, this effort was initiated to quantify Chironomidae contributions to total 
abundance, generic richness, taxonomic and functional diversity and sensitivity 
to organic pollution within wadeable perennial prairie streams of the Northern 
Glaciate Plains (NGP) ecoregion of South Dakota.  

The objectives of this study were to 1) assess the contribution of Chironomi-
dae assemblage structure relative to the total macroinvertebrate assemblage, 2) 
characterize composition, guild structure, and pollution tolerance of Chiron-
omidae larvae and 3) quantify relationships between assemblage characteristics, 
physical habitat, and surface water quality within the NGP ecoregion of eastern 
South Dakota.

STUDY AREA AND METHODS

Study Area—The Northern Glaciated Plains (NGP) ecoregion (Figure 1) 
extends from northern North Dakota to southern South Dakota mainly in the 

Figure 1.  A) The Northern Glaciated Plains ecoregion in eastern South Dakota and B) Locations 
of stream sampling sites (n=41) for sampling aquatic stream invertebrates.
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eastern half of these states and western Minnesota, USA (Omernik and Gallant 
1998).  Sampling sites (n = 41) were distributed throughout the NGP ecoregion 
(Figure 1).  The NGP occupies approximately 33% of the South Dakota land 
area and is located entirely in the eastern glaciated portion of South Dakota. The 
landscape is generally flat or with gently rolling topography.  The climate is warm 
(29 oC) in summer and cold (-23 oC) in winter.  Mean monthly temperatures 
range from 6 to 20 oC during the growing season, i.e., May to August (Bryce et 
al. 1998).  Annual precipitation ranges from 510 to 610 mm.  Agricultural crops 
(corn, soybeans, and wheat) and cattle grazing are major land use practices in 
the study area.  Mixed and tall grass prairie is the natural dominant vegetation 
(Bryce et al. 1998). 

Field sampling—Forty-one wadeable stream sites (Strahler stream orders 2nd 
to 4th ) (Figure 1) were sampled from mid-June to late August in 2010 and 2011.  
We sampled 8 sites classified as targeted impaired, 8 sites classified as targeted 
unimpaired, 16 sites selected at random and 10 sites classified by South Dakota 
Department of Environment and Natural Resources as candidate regional refer-
ence sites. This combination of site groupings ensured representation of stream 
sites along a full gradient of stream conditions. Site selection was based upon wa-
tershed scores derived from landscape attributes and violation of state surface wa-
ter quality standards (Krause et al. 2013).  Watershed scores were generated using 
the U.S. EPA Analytical Tools Interface for Landscape Assessment (ATtILA) 
coupled with ArcMap Geographical Information System (GIS).  Riparian condi-
tion (e.g., land cover within 30 m of the stream channel), landscape condition 
(land cover proportions within the surficial watershed), human stressors (e.g., 
nitrogen loading, phosphorus loading, human population and road density), and 
physical features (e.g., topographical gradient, elevation, annual precipitation) 
were used collectively to generate ATtILA watershed condition scores (Krause et 
al. 2013).  Scores were normalized and rescaled to fall within a range of 0 to 100 
with high values indicating watersheds in better condition.  Targeted impaired 
and unimpaired sites were selected randomly from those falling within the lower 
and upper quartiles of watershed condition scores, respectively.  All targeted im-
paired sites had multiple state water quality violations while targeted unimpaired 
sites had no history of water quality impairment (Krause et al. 2013).  Selected 
stream sites were replaced if they were located less than 5 km from a lake outlet 
or if they were above bankfull condition . Sampling sites were located at least 100 
m upstream from road crossings.

Field sampling was performed once at each site during the growing seasons 
of 2010 and 2011, but because of frequent rain and high stream water in 2010 
some sites were visited twice in 2011.  Wetted width of each stream was mea-
sured randomly at 10 points to determine the mean stream width (PMSW).  If 
PMSW was greater than 10 m, sample transects were spaced two PMSW apart 
with 11 total equidistant transects along the reach.  If PMSW was less than or 
equal to 10 m, transects were spaced three PMSW apart (SD DENR 2005).  
Macroinvertebrates were sampled with a D-frame net (500 μm) positioned left 
of center channel at the first downstream transect.  Bed substrate upstream of 
the net was disturbed for 30 seconds in moving water habitats, and the net was 
swept through the water column for 30 seconds in standing water habitats.  Col-
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lected material was transferred into a collection bucket, and the entire process 
was repeated at each upstream transect, zig-zagging between left center, center 
and right center locations across the channel.  Following the last (11th) transect, 
the net was thoroughly examined and all macroinvertebrates were transferred to 
a sample container and preserved with 95% ethanol.

Dissolved oxygen (DO), total suspended solids (TSS), and fine bed substrate 
are important indicators of prairie stream impairment within this ecoregion (SD 
DENR 2012), so these variables were measured in this study.  DO was mea-
sured on site from the center of the stream at the 11th transect (upstream) using 
a YSI Model 556 (Yellow Spring Inc.) prior to other sampling activities.  Water 
samples for TSS were collected from 20 cm depth in a pre-cleaned polyethylene 
bottle, stored on ice, shipped to the laboratory, and measured gravimetrically in 
the laboratory (Clesceri et al. 2005).  Stream bed substrates were measured at all 
11 transects starting from the first (downstream) to 11th transects (upstream).  At 
each transect, wetted width of the stream was divided into 10 equidistant cross-
channel points and dominant bed substrate size (in millimeters) was visually 
tallied and recorded using standard state protocol (SD DENR 2005).

Laboratory analysis—Invertebrate samples were subsampled, sorted and 
identified in the laboratory following the U.S. Environmental Protection Agency 
standard protocol (U.S.EPA 2004).  Sample materials from each container were 
poured onto a gridded tray.  Grids were randomly chosen, materials from the 
grid separated, and searched for macroinvertebrates until a minimum count 
of 500 organisms was obtained from each sample.  Chironomidae larvae were 
sorted separately and transferred to 70% ethanol.  If there were more than 100 
chironomid larvae, a random subsample of 100 larvae were selected for identifi-
cation.  Larvae were passed through a dehydration series of alcohol washes up to 
95% ethanol prior to mounting with Euparal.  Whole body mounts were made 
taking care to roll larvae ventral side up to allow examination of diagnostic char-
acteristics.  Larvae were identified to the genus level under magnification (400X) 
based on Weiderholm (1983) and Merritt et al. (2008).  Other macroinverte-
brates were identified under a dissecting microscope using regional taxonomic 
keys (Thorp and Covich 2001; Merritt et al. 2008) to the generic level except 
annelids which were identified to the family level.  Voucher specimens were 
retained for the South Dakota Aquatic Invertebrate Collection (South Dakota 
State University). 

Metric calculations—Final invertebrate counts were corrected for subsam-
pling and used to calculate metrics of community structure (Appendix A).  We 
assessed the composition of the Chironomidae assemblage by calculating relative 
abundance of subfamilies, functional feeding groups, habit guilds, and tolerance 
to organic pollution (Appendix A). The modified Hilsenhoff Biotic Index (HBI) 
was calculated for Chironomidae alone and the total invertebrate assemblage to 
assess tolerance to organic pollution (Hilsenhoff 1987).  The formula for HBI is:

HBI = ∑(NixTi)/N,

where Ni is the number of individuals within a particular genus (abundance), 
Ti is the tolerance value associated with that genus and N is the total abundance 
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of all genera within the sample.  Shannon Weiner Diversity (H) was used to 
measure overall generic diversity and the diversity of feeding and habit guilds.  
The formula for the Shannon-Wiener index is shown below:

H' = –∑(Ni/N) ln(Ni/N),

where Ni is number of individuals of a particular genus (abundance) and N is the 
total number of individuals of all genera (total abundance) in a sample. 

Data analysis—Summary statistics were generated from all sites and sampling 
events to quantify the contribution of the Chironomidae relative to the total 
macroinvertebrate assemblage.  A Shapiro-Wilk normality and equal variance 
test confirmed that most data were not normally distributed.  Thus, Spearman 
rank correlations (ρ) were performed to evaluate Chironomidae metric relation-
ships with stream DO, TSS, and fine bed substrate.  Water quality data from six 
candidate reference stream sites were not collected due to high water so these 
sites were excluded for the correlation test.  All statistical tests were performed 
using Statistix 9 (Analytical Software, PO Box 12185, Tallahassee FL 32317, 
USA). 

RESULTS

Habitat setting—Dissolved oxygen concentrations from sampled stream sites 
ranged from 0.2 mg/L to 13.9 mg/L (x = 6.0 mg/L) across all sites and sampling 
events. Dissolved oxygen was less than 5 mg/L from 30.3% of all sampling 
events.  The South Dakota minimum standard concentration of dissolved oxygen 
for warmwater fish life propagation is 5.0 mg/L. Total suspended solids (TSS) 
ranged from 2 mg/L to 255 mg/L with a mean of 45 mg/L across all sites and 
sampling events.  None of our TSS measurements exceeded the daily maximum 
state standard of 263 mg/L for marginal warmwater fish propagation.  Fine bed 
substrate ranged from 26% to 100% (x = 69%) across all sites and sampling 
events. Seventy percent of sample site channel bottoms had 50% or more fine 
bed substrate cover.

Chironomidae contribution—NGP macroinvertebrate communities were 
comprised of 5 Phyla, 8 Classes, 26 Orders and 77 Families. Chironomidae were 
collected from all study sites and sampling events. Total abundance ranged up 
to 20,643 individuals per sample and comprised 57 genera across all 41 stream 
sites and sampling events.  Chironomidae contributed from 2 to 93% (x = 39%, 
s = 20.7) of total macroinvertebrate abundance and from 19 to 60% (x = 39%, 
s = 10.4) of total macroinvertebrate generic richness across all sites and sampling 
events. Chironomidae represented five of seven functional feeding guilds and 
four of seven habit guilds shared by the total macroinvertebrate assemblage.  
Chironomidae did not represent piercer herbivore and piercer predator func-
tional feeding guilds and glider, skater, and swimmer habit guilds.  Chiron-
omidae generic tolerance values to organic pollution ranged from 2 to 10 while 
total macroinvertebrate assemblage tolerances ranged from 1 to 10.  The average 
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Chironomidae modified Hilsenhoff Biotic Index (HBI) score was 6.6 whereas 
the average total macroinvertebrate assemblage HBI score was 6.7.

Assemblage structure—We frequently observed Chironomini (Chironomi-
nae), Tanytarsini (Chironominae), Orthocladiinae, and Tanypodinae from our 
stream sites (Figure 2).  Chironomini were major contributors and comprised 
52% of total abundance within the assemblage.  Tanytarsini contributed nearly 
28% of total Chironomidae abundance (Figure 2).  Chironomini and Tanytar-
sini were represented by 22 and 5 genera, respectively.  Pseudochironomini was 
represented by one genus - Pseudochironomus.  Orthocladiinae, Tanypodinae, 
Diamesinae, and Prodiamsinae were represented by 15, 12, 1, and 1 genus, 
respectively.  Polypedilum, Paratanytarsus, and Chironomus were the three most 
abundant genera within the chironomid assemblage, contributing 19.8%, 
11.4%, and 10.7% of total abundance (Table 1). 

Mean functional feeding group (FFG) abundance across all sites and sampling 
events was represented most by collector-gatherers (49.7%), shredders (28.3%), 
and collector-filterers (14.4%) (Figure 3A).  Chironomus and Stictochironomus 
were major contributing collector-gatherers.  Polypedilum and Rheotanytarsus 
contributed the largest proportion of shredders and collector-filterers, respec-
tively.  Chironomidae represented four habit guilds, with burrowers (33.4%) 
and climbers (28.0%) being greatest in abundance (Figure 3B).  Burrowing 
larvae included Chironomus and Stictochironomus, while substrate climbers were 
represented by Polypedilum. 

Hilsenhoff Biotic Index (HBI) values ranged between 3.4 and 9.8 (x = 6.6, s 
= 1.5) across all sites and sampling events. Approximately 22% of genera were 
intolerant with values less than 4.0, while 50% of genera were tolerant with 
values equal to or greater than 7.0.

Figure 2.  Percent contribution of subfamilies and tribes of Chironomidae larvae at wadeable 
stream sites (n=41) sampled in 2010 and 2011within the Northern Glaciated Plains ecoregion, 
South Dakota.
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Table 1.  Mean relative abundance (% Abnd) and frequency of sites (%Freq) of invertebrate gen-
era from wadeable stream sites (n=41) in 2010 and 2011 within the Northern Glaciated Plains 
ecoregion, South Dakota.

Taxon %Abnd %Freq Taxon %Abnd %Freq

Chironomini Diamesinae
   Acalcarella <0.1 1.4    Sympotthastia 0.2 2.8
   Apedilum <0.1 1.4 Orthocladiinae
   Axarus 0.8 4.2    Acricotopus <0.1 2.8
   Chironomus 10.7 55.6    Brillia <0.1 6.9
   Cladopelma 0.1 12.5    Corynoneura 0.2 6.9
   Cryptochironomus 2.5 76.4    Cricotopus 6.1 62.5
   Cryptotendipes <0.1 1.4    Diplocladius <0.1 1.4
   Dicrotendipes 3.7 30.6    Epoicocladius <0.1 1.4
   Einfeldia 0.1 12.5    Eukiefferiella 0.9 29.2
   Endochironomus 0.8 34.7    Hydrobaenus <0.1 4.2
   Glyptotendipes 1.5 45.8    Nanocladius 0.3 19.4
   Microtendipes 1.7 34.7    Orthocladius <0.1 5.6
   Parachironomus 0.5 11.1    Paracricotopus <0.1 1.4
   Paracladopelma <0.1 4.2    Parametriocnemus <0.1 2.8
   Paralauterborniella <0.1 2.8    Psectrocladius <0.1 1.4
   Paratendipes 1.5 25    Thienemanniella 0.4 33.6
   Phaenopsectra <0.1 1.4    Tvetenia 0.3 13.9
   Polypedilum 19.8 83.3    Prodiamesa 0.1 2.8
   Robackia <0.1 1.4 Tanypodinae
   Saetheria 0.4 22.2    Ablabesmyia 0.5 25
   Stictochironomus 7.9 56.9    Labrundinia <0.1 2.8
   Zavreliella <0.1 2.8    Larsia 0.1 12.5
Tanytarsini    Macropelopia <0.1 2.8
   Cladotanytarsus 2.2 34.7    Paramerina 0.5 26.4
   Microspectra 1.4 19.4    Pentaneura <0.1 2.8
   Paratanytarsus 11.4 65.3    Procladius 1.9 43.1
   Rheotanytarsus 8 62.5    Psectrotanypus <0.1 1.4
   Tanytarsus 4.7 34.7    Tanypus 0.3 19.4
Pseudochironomini    Telopelopia <0.1 1.4
   Pseudochironomus 6.6 1.4    Thienema 1.0 44.4

   Zavrelimyia <0.1 4.2
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Assemblage correlation with habitat setting—Percent Tanytarsini displayed 
a strong negative correlation (ρ = -0.49, P < 0.01) with TSS, while percent shred-
ders (ρ = -0.35, P = 0.03) and percent climbers (ρ = -0.38, P = 0.02) displayed 
significant negative correlations with percent fine substrates.  HBI was positively 
correlated (ρ = 0.39, P = 0.02) with percent fine substrates.  Percent shredders 
(ρ = 0.41, P = 0.01) and percent climbers (ρ = 0.56, P < 0.01) demonstrated 
a strong positive correlation with DO, while a strong negative correlation (ρ = 
0.46, P < 0.01) was observed between HBI and DO (Table 2).

DISCUSSION

Chironomidae contribution—Of 77 families of freshwater invertebrates ob-
served from our study sites, Chironomidae were the most abundant and contrib-
uted the greatest generic diversity.  Chironomidae were also the most frequently 
observed family among all study sites.  Our results suggest that the average 
contribution of Chironomidae to total abundance and generic richness was 39% 
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Figure 3.  Chironomidae A) Functional feeding guild, and B) Habit guild relative abundance at 
wadeable perennial stream sites (n=41) sampled in 2010 and 2011 in the Northern Glaciated 
Plains ecoregion, South Dakota. Feeding guilds - CG: Collector-Gatherers, Shr: Shredders, CF: 
Collector-Filterers, Pre: Predators, Scr: Scrapers. Habit guilds – Bur: Burrowers, Clb: Climbers, Spr: 
Sprawlers, Clg: Clingers. Values on the top of bar graph show percentage mean contribution to 
total abundance.
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and often exceeded 50% in NGP streams.  These results are consistent with those 
previously reported from individual watersheds and surveys of headwater streams 
in this ecoregion (McCoy and Hales 1974; Harris et al. 1999; Larson 2001; 
Lorenzen 2006; Vander Vorste 2010).  The Northern Glaciated Plains ecoregion 
has relatively flat topography and many of the streams provide low gradient, 
depositional habitat suitable for a variety of Chironomidae (Harris et al 1999). 

Many water resource managers consider Chironomidae to be primarily collec-
tor-gatherers (Thorne and Williams 1997; Brisbois et al. 2008), but our results 
demonstrate nearly as many functional feeding guilds as represented by the total 
macroinvertebrate assemblage.  Chironomidae represented most functional feed-
ing guilds observed from the total assemblage except for piercer herbivores and 
piercer predators which is in agreement with Vander Vortse (2010) for intermit-
tent streams of the NGP, South Dakota.  The combined contribution of these 
latter two feeding guilds to the total invertebrate assemblage was approximately 
3%, and this lower percentage contribution is unlikely to strongly influence 
multimetric monitoring results.  Similarly, Chironomidae shared most habit 
guilds with the total macroinvertebrate assemblage except for swimmers, skaters, 
and gliders (Larson 2001; Kopp 2011).  The combined contribution of missing 
habit guilds to those of the total assemblage was 17%.  Skaters and gliders con-
tributed less than 2% of total abundance to the total assemblage, but swimmers 
were generally very abundant, so the absence of this habit guild would arguably 
have a more significant influence on a multimetric bioassessment.  At the fam-
ily level, Chironomidae are classified as burrowers (Thorne and Williams 1997) 
but we found many habit guilds (Rae 2004; De Bisthoven et al. 2005).  A high 
contribution of chironomid genera intolerant to organic pollution within our 
NGP streams clearly demonstrates that Chironomidae are not only pollution 
tolerant taxa as some have argued (Thorne and Williams 1997).  Chironomidae 
exhibited high structural and functional diversity within NGP streams, reflect-
ing their ecological significance in low gradient, prairie streams (Raymond and 
Vondracek 2011; Meng et al. 2009).

Taxonomic Assemblage—Of seven subfamilies and tribes collected in this 
study, Chironomini, Tanytarsini, and Orthocladiinae were highly abundant.  

Table 2. Spearman rank correlations (ρ) between percent Tanytarsini (%Tntrsni), percent shred-
ders (%Shr), percent collector-gatherers (%CG), percent burrowers (%Bur), percent climbers 
(%Clb), Hilsenhoff biotic index (HBI) of Chironomidae with dissolved oxygen (DO), percent fine 
sediments (% Fines), and total suspended solids (TSS) from wadeable streams of the NGP, South 
Dakota.  

Attributes %Tntrsni %Shr %CG %Bur %Clb HBI

DO    ρ = -0.30  ρ = 0.41  ρ = -0.19   ρ = -0.06    ρ = 0.56   ρ = -0.46
  P = 0.07 P = 0.01 P = 0.25 P = 0.72 P < 0.001 P = 0.005

% Fines ρ = 0.08  ρ = -0.35 ρ = 0.13 ρ = 0.05   ρ = -0.38 ρ = 0.39
P = 0.61 P = 0.03 P = 0.42 P = 0.74 P =0.02 P = 0.02

TSS ρ = -0.49 ρ = 0.44   ρ =  -0.42 ρ = 0.11 ρ = 0.22 ρ = -0.14
 P = 0.003 P = 0.007 P = 0.01 P = 0.66 P = 0.19   P = 0.40
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Prairie stream habitat in our study area, except the Prairie Coteau region, 
was comprised largely of depositional habitat.  These are conditions to which 
Chironomini genera are well suited (Harris et al. 1999; Stagliano and Whiles 
2002).  These observations are supported by previous studies of northern prairie 
streams (Harris et al. 1999; Larson 2001; Lorenzen 2006) and streams in Kansas 
(Ferrington et al. 1995).  Micropsectra, Tvetenia, Glyptotendipes, Hydrobaenus, 
Polypedilum, Cricotopus, Stictochironomus, Brillia, Chironomus, Pseudochirono-
mus, Tanytarsus, Rheotanytarsus, Paratanytarsus, Diamesa, and Prodiamesa are all 
commonly observed genera from the NGP ecoregion (McCoy and Hales 1974; 
Harris et al. 1999; Larson 2001; Lorenzen 2006; Vander Vorste 2010).  Most 
of these genera were also observed frequently from our sites but we rarely en-
countered Tvetenia, Hydrobaenus, Brillia, and Prodiamesa perhaps because our 
streams were larger than those previously studied or due to greater water quality 
and habitat impairment (Armitage et al. 1995). 

Functional assemblage—A wide range of chironomid functional feeding 
groups in our study suggests that NGP wadeable streams provide a variety of 
food resources capable of supporting a diverse trophic structure (Kleine and 
Trivinho Strixino 2005).  Functional feeding group analysis can be an effec-
tive tool to evaluate human disturbance on aquatic ecosystems (Armitage et 
al. 1995; Simião-Ferreira et al. 2009).  In our study, collector-gatherers, shred-
ders, and collector-filterers were dominant functional feeding groups.  Most 
collector-gatherers in our study were Chironomus and Stictochironomus.  These 
genera are trophic generalists and are well-adapted to slow moving depositional 
warm water habitats (Harris et al. 1999).  Collector-gatherers are well-adapted 
to streams with high quantities of fine particulate organic matter (FPOM).  
Intense agriculture practices within the riparian zone of streams in this region 
are major sources of FPOM to streams (Heatherly et al. 2007; Raymond and 
Vondracek 2011; SD DENR 2012).  Shredders were the second most abundant 
feeding group and were mostly represented by Polypedilum.  We observed coarse 
crop residue and macrophytic growth in our sample streams which may explain 
the higher abundance of shredders.  Shredders use coarse particulate organic 
matter as their principle food source (Armitage 1995).  Collector-filterers were 
also abundant and were represented by members of the tribe Tanytarsini.  Fine 
particulate matter originating from upstream and adjacent agricultural riparian 
zones may have provided enhanced food resources for these species (Armitage 
1995; Brisbois et al. 2008).

Habit guilds observed from our sites appeared to be linked well to general 
landform patterns within the ecoregion and the predominant land use patterns 
of the NGP.  Burrowers and climbers together contributed approximately 62% 
of habit guild abundance from our study sites.  Burrowers alone comprised 33% 
of total abundance.  High abundance of burrowers from our NGP sites is similar 
to that observed by Vander Vorste (2010) who found 42% of total abundance 
was contributed by burrowing genera from headwater streams in this ecoregion.  
Most burrowers in our study were Chironomus, Stictochironomus, and Pseudochi-
ronomus.  These genera are well adapted to slow moving depositional warm water 
stream reaches (Armitage et al. 1995; Harris et al. 1999; Stagliano and Whiles 
2002).  Burrowers can thrive under low oxygen conditions as some species 
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utilize hemoglobin to efficiently extract dissolved oxygen (Franquet 1999).  Silt 
and sediment from bank erosion and upland sources make their way to nearby 
streams and cover interstitial spaces between coarser bed substrate.  This provides 
favorable habitat for burrowers (Matthews 1988; Dodds et al. 2004; SD DENR 
2012).  Climbers, which prefer substrates which extend up into the water col-
umn (De Bisthoven et al. 2005; Helson et al. 2006), were also an abundant habit 
guild observed from stream sites in this study.  This guild contributed 28% of 
total habit guild abundance.  Most climbers in this study were Polypedilum and 
Tanytarsini genera which is consistent with other studies (Larson 2001; Vander 
Vorste et al. 2008).  Macrophytic vegetation and exposed stones in riffle areas of 
our streams would provide good habitat for this habit guild.

Assemblages with higher HBI values are dominated by genera with high toler-
ance to organic enrichment.  Chironomidae assemblage HBI values from our 
study streams ranged from 3.4 to 9.8 and averaged 6.6 which may indicate that 
streams in our study area had a wide range of organic enrichment.  Generally, 
our HBI analysis was consistent with that of Vander Vorste (2010) who found 
a region-wide average above 6.0.  Excess nutrients and sediments from intensely 
cultivated farmland enter stream channels during runoff events (Nerbonne and 
Vondracek 2001; Raymond and Vondracek 2011).  Many low gradient prairie 
streams have low concentrations of dissolved oxygen because of low gradient 
and inputs of organic load from anthropogenic activities (Larson and Troelstrup 
2001; Dodds et al. 2004).  Organic matter loading and decomposition of abun-
dant channel primary production in these low gradient streams reduce avail-
ability of oxygen to aquatic macroinvertebrates.  In poor oxygen environments, 
highly tolerant taxa are dominant, resulting in high HBI scores (Heatherly et al. 
2007).  Genera intolerant to organic pollution contributed nearly 22% of total 
Chironomidae abundance while genera with high tolerance values contributed 
50% of total abundance.  Intolerant genera from our sites included Sympotthas-
tia, Nanocladius, Prodiamesa and Polypedilum while tolerant genera consisted of 
Chironomus, Stictochironomus, Procladius and Glyptotendipes.  Because dissolved 
oxygen depression is a common water quality impairment and chironomid 
genera in our study possessed a wide range of tolerance values, we feel that this 
metric would be an important indicator of aquatic life use impairment. 

Correlation with physicochemical settings—Existing monitoring efforts 
suggest that many water quality impairments to wadeable streams of the NGP 
are due to elevated total suspended solids, low dissolved oxygen, and high preva-
lence of fine deposited sediment (SD DENR 2012).  Chironomid assemblage 
metrics were found to be highly correlated with these water quality and habitat 
parameters (Helson et al. 2006).  In our study, Tanytarsini genera were negatively 
correlated with total suspended solids.  Larson (2001) observed lower abundance 
of Rheotanytarsus spp. from impaired reaches of Bachelor Creek in eastern South 
Dakota.  Sediment deposition covers bed substrate, creating unfavorable habitat 
for case-making genera and reduces access to coarser substrate for attachment.  
In our study, percent shredders and percent climbers were positively correlated 
with dissolved oxygen and negatively correlated with fine bed substrate which 
is consistent with De Bisthoven et al. (2005) and Rae (2004).  Shredders rely 
on coarser organic materials originating from intact riparian canopies or aquatic 
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vegetation as food resources.  Unimpaired stream reaches have higher physical 
habitat quality and intact riparian zones, which impede input of nutrients and 
sediments from nearby farmland into streams.

Chironomidae contributed a large proportion of total macroinvertebrate abun-
dance and generic richness in NGP streams.  This single family also displayed 
a broad range of functional feeding and habit guild structure and possessed a 
wide range of tolerance to organic pollution.  Several chironomid metrics were 
found to be significantly correlated with commonly impaired water quality and 
stream habitat variables.  Despite their ecological significance, many water qual-
ity managers consider Chironomidae to be a family of pollution tolerant species 
(Thorne and Williams 1997; Brisbois et al. 2008).  Others have suggested that 
Chironomidae contribute little to regional water quality assessment (Rabeni and 
Wang 2001).  However, our results indicate that this single family displays a 
disproportionate share of stream invertebrate taxonomic and functional diversity 
within northern prairie streams.  Thus, we suggest that a multimetric index of 
biotic integrity focused on the Chironomidae might be useful to evaluate the 
integrity of ecologically important prairie streams (Meng et al. 2009).
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Appendix A: Chironomidae assemblage metrics evaluated from wadeable prairie streams of the 
Northern Glaciated Plains ecoregion.

Metric Class Metric Metric Definition

Abundance %Chironomini Proportion of Chironomini abun-
dance to total Chironomidae abun-
dance 

%Diamesinae Proportion of Diamesinae abundance 
to total Chironomidae abundance 

%Orthocladiinae Proportion of Orthocladiinae abun-
dance to total Chironomidae abun-
dance 

%Prodiamesinae Proportion of Prodiamesinae abun-
dance to total Chironomidae abun-
dance 

%Pseudochironimini Proportion of Pseudochironomini 
abundance to total Chironomidae 
abundance 

%Tanypodinae Proportion of Tanypodinae abun-
dance to total Chironomidae abun-
dance 

%Tanytarsini Proportion of Tanytarsini abundance 
to total Chironomidae abundance 

Total Abundance Abundance total Chironomidae taxa

Diversity Chironomini Diversity Shannon Wiener diversity of Chi-
ronomini genera

Chironomini Evenness Shannon Wiener evenness of Chi-
ronomini genera

Diamesinae Diversity Shannon Wiener diversity of Diamesi-
nae genera

Orthocladiinae Diversity Shannon Wiener diversity of Ortho-
cladiinae genera

Prodiamesinae Diversity Shannon Wiener diversity of Prodi-
amesinae genera

Pseudochironimini Diversity Shannon Wiener diversity of Pseudo-
chironomini genera

Pseudochironimini Evenness Shannon Wiener evenness of Pseudo-
chironomini genera

Richness Chironomini Number of genera of Chironomini
Richness Diamesinae Number of genera of Diamesinae
Richness Orthocladiinae Number of genera of Orthocladiinae
Richness Prodiamesinae Number of genera of Prodiamesinae
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Richness Pseudochironomini Number of genera of Pseudochirono-
mini

Richness Tanypodinae Number of genera of Tanypodinae
Richness Tanytarsini Number of genera of Tanytarsini
Richness Total Total number of genera of Chiron-

omidae
Shannon Diversity Shannon Wiener diversity of all Chi-

ronomidae genera
Shannon Evenness Shannon Wiener evenness of all Chi-

ronomidae genera
Tanypodinae Diversity Shannon Wiener diversity of Tanypo-

dinae genera
Tanytarsini Diversity Shannon Wiener diversity of Tanytar-

sini genera
Tanytarsini Evenness Shannon Wiener evenness of Tanytar-

sini genera
Functional Guilds %Predators Proportion of Predators to all func-

tional guilds
%Scrapper Proportion of Scrappers  to all func-

tional guilds
%Shredders Proportion of Shredders to all func-

tional guilds
%Collector-Filterers Proportion of Collector- Filterers to 

all functional guilds
%Collector-Gatherers Proportion of Collector-Gatherers to 

all functional guilds
Abundance Collector-Filterers Abundance (total sum) of Collector-

Filterers 
Abundance Collector-Gatherers Abundance (total sum)  of Collector-

Gatherers
Abundance Predators Abundance (total sum) of Predators
Abundance Scrappers Abundance (total sum) of Scrappers
Abundance Shredders Abundance (total sum) of Shredders
Feeding Guilds Diversity Shannon Wiener diversity of func-

tional guilds
Feeding Guilds Evenness Shannon Wiener evenness of func-

tional guilds
Richness Collector-Filterers Number of Collector-Filterers genera
Richness Collector-Gatherers Number of Collector-Gatherers gen-

era
Richness Predators Number of Predators genera
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Richness Scrappers Number of Scrappers genera
Richness Shredders Number of Shredders genera

Habit Guilds %Burrowers Proportion of Burrowers to all habit 
guilds

%Climbers Proportion of Climbers to all habit 
guilds

%Clingers Proportion of Clingers to all habit 
guilds

%Sprawlers Proportion of Sprawlers to all habit 
guilds

Abundance Burrowers Abundance (total sum) of Burrowers 
Abundance Climbers Abundance (total sum) of Climbers
Abundance Clingers Abundance (total sum) of Clingers
Abundance Sprawlers Abundance (total sum) of Sprawlers
Habitat Guilds Diversity Shannon Wiener diversity of all habit 

guilds
Habitat Guilds Evenness Shannon Wiener evenness of all habit 

guilds
Richness Burrowers Number of Burrowers genera
Richness Climbers Number of Climbers genera
Richness Clingers Number of Clingers genera
Richness Sprawlers Number of Sprawlers genera

Tolerance %Intolerance Proportion of tolerance values <4 to 
total abundance

%Tolerance Proportion of tolerance values<7 to 
total abundance

HBI Modified HBI, refer to lab analysis 
section

Richness Intolerance <4 Number of genera with < 4 tolerance 
values

 Richness Tolerance >7 Number of genera with >7  tolerance 
values


