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Terrestrial Invertebrate Diversity and Occurrence in 
Restored Hardwood Forest Floodplains, Indiana, United 
States, June–August 2016

By Janice L. Albers, Mark L. Wildhaber, Matthew A. Struckhoff, Daniel J. Westrich, Nicholas S. Green,  
Barry C. Poulton, and Michael J. Hooper

Abstract

This report provides a summary of terrestrial inverte-
brates collected at old field, mature, and restored hardwood 
forest floodplain sites in northeast Indiana. Invertebrate 
populations were sampled at selected sites using walking 
butterfly transects, pitfall-enhanced Malaise invertebrate traps 
(PEMITs), and sweep nets. We identified a total of 19 taxo-
nomic groups of butterflies, with 1, 11, and 18 groups from the 
old field, mature, and restored sites, respectively. Samples col-
lected with PEMITs captured 26 different invertebrate taxa and 
4 vertebrate taxa on mature and restored sites (24 invertebrate 
taxa, each, on mature and restored sites; 3 and 2 vertebrate 
species on mature and restored sites, respectively). Sweep 
net sampling of restored sites captured 18 invertebrate taxa, 
including mantids (Mantodea), which were not detected using 
PEMITs. These data were collected in anticipation of assessing 
the progress of restored hardwood forest communities towards 
conditions associated with mature seasonally inundated flood-
plain forests in northeast Indiana.

Introduction

The U.S. Geological Survey (USGS) surveyed ter-
restrial invertebrates within hardwood forest floodplains in 
northeast Indiana, United States (Albers and others, 2021). 
Invertebrate populations were sampled in old field, mature, 
and restored habitats at four different sites: Bluffton Native 
Habitat Waterway along the Wabash River in Bluffton, Wells 
County, Indiana (long. 85.1466° W, lat. 40.7323° N); the 
Deetz Nature Preserve along the Maumee River in New 
Haven, Allen County, Ind. (long. 85.0352° W, lat. 41.0796° N; 
fig. 1); and the Bell (long. 84.8376° W, lat. 41.4861° N); and 
Holden (long. 84.8401° W, lat. 41.5479° N) tracts along Fish 
Creek near Hamilton, in DeKalb and Steuben Counties, Ind., 
respectively (all coordinates are World Geodetic System 1984 
[WGS84]).

Old fields were habitats that were previously used for 
agriculture, but in which there had been little or no restoration 
other than opportunistic planting. Mature forests had many 
mature trees and a closed canopy, with no evidence of previ-
ous restorative planting efforts. Restored habitats were previ-
ously agricultural fields on which restoration projects such as 
native prairie or native tree plantings had been implemented 
between 1994 and 2009.

Detailed descriptions of the sites and habitat types are 
in supplement 1 of Green and others (2020). Data were col-
lected using three survey techniques: walking visual but-
terfly transects, pitfall-enhanced Malaise invertebrate traps 
(PEMITs), and walking invertebrate sweep transects. This 
report describes the methodology used for data collection and 
provides tables containing a summary of the invertebrates 
found. Detailed data are available in a USGS data release 
(Albers and others, 2023). Final taxonomic assignment fol-
lows the International Taxonomic Information System (ITIS; 
https://www.itis.gov, accessed February 2023).

Methods
Multiple types of equipment and techniques were used 

to sample the terrestrial invertebrates at the three sites. Each 
method had a target group of insects, but considered together 
give an overall assessment of species diversity.

Butterflies

Adult butterflies were sampled using visual observa-
tion transect protocols described in Van Swaay and others 
(2015) and identified using Belth (2013). While avoiding 
mowed hiking trails, a total of 61 transects were sampled 
over all the habitats (table 1; Albers and others, 2021), with 
old fields having only one sampling event owing to logisti-
cal time constraints. Each transect either started or ended 
at a randomly generated point location on the site, was a 
minimum of 100 meters (m) long, and was sampled between 

https://www.itis.gov
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Figure 1. Illustration of the invertebrate survey data collected from the Deetz Nature Preserve to demonstrate potential mapping 
uses of the dataset (referred to as “Deetz” on the image). Inset map shows labels for each survey type and location as well as taxon 
identification for each butterfly observed.
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Table 1. Taxa observed in butterfly transect sampling on northeast Indiana study sites.

[n, number of butterfly transects sampled; spp., species; --. no data]

Taxon group
Taxonomic 

level
Common name

Old field 
(n=1)

Mature 
(n=9)

Restored
(n=51)

Boloria bellona Species Meadow fritillary No No Yes
Chlosyne/Phyciodes spp. Genus Pearl crescent (P. tharos), silvery checkerspot 

(C. nycteis)
No Yes Yes

Colias spp. Genus Sulphurs No Yes Yes
Danaus plexippus Species Monarch No No Yes
Hesperiidae spp. Family Skippers No Yes Yes
Limenitis arthemis astyanax Species Red-spotted purple No No Yes
Lycaena hyllus Species Bronze copper No No Yes
Nymphalis antiopa Species Mourning cloak No No Yes
Papilio cresphontes Species Giant swallowtail No Yes Yes
Papilio glaucus glaucus Species Eastern tiger swallowtail No Yes Yes
Papilio polyxenes asterius Species Black swallowtail No No Yes
Papilio troilus Species Spicebush swallowtail No Yes No
Phoebis sennae Species Cloudless sulphur No No Yes
Pieris rapae Species Cabbage white No Yes Yes
Polygonia spp. Genus Question mark (P. interrogationis), eastern 

comma (P. comma), gray comma (P. progne)
No Yes Yes

Satyrinae/Apaturinae spp. Subfamily Hackberry emperor (A. celtis), northern  
pearly-eye (E. anthedon), satyrs

Yes Yes Yes

Speyeria cybele Species Great spangled fritillary No No Yes
Theclinae/Polyommatinae spp. Subfamily Hairstreaks and blues No Yes Yes
Vanessa spp. Genus Painted lady (V. cardui), American lady  

(V. virginiensis)
No Yes Yes

Unknown -- -- No Yes Yes

0800 and 1700 hours (h) on sunny, non-windy days between 
June 21 and August 12, 2016. One person walked the transect 
with a mean speed of 0.423±0.106 meter per second (mean 
± standard deviation, number of observations [n] = 59) and 
documented all observed butterflies within 5 m of the transect 
and as much as 10 m in front of the observer. Mean transect 
length was 247.49±135.79 m, and the mean transect area was 
2,574.92±1357.90 square meters (m2) (n=61). A geographic 
positioning system (GPS; Trimble Juno 3B, Survey Supplies 
Ltd, Liverpool, United Kingdom) was used to record the 
transect start location and time, transect route, and transect 
end location and times. While sampling the transect, the GPS 
was also used to record the time and location of each butterfly 
encounter, visually identified taxa, and number of individuals 
in each taxon.

Live butterflies were identified to species level using 
visual observations of the individuals, except for groups of 
species similar in color, shape, and flight behavior, which 

prevented positive species-level identification. We grouped the 
following species: silvery checkerspot (Chlosyne nycteis) and 
pearl crescent (Phyciodes tharos) into the Chlosyne/Phyciodes 
spp. group; all small sulphurs (Coliadinae) into the Colias 
spp. group; all skippers (Hesperiidae) into the Hesperiidae 
group; all Satyrinae subfamily and two other species in the 
Nymphalidae family, hackberry emperor (Asterocampa celtis), 
and northern pearly-eye (Lethe anthedon anthedon) into the 
Satyrinae/Apaturinae spp. group; all question mark (Polygonia 
interrogationis), eastern comma (P. comma), and gray comma 
(P. progne) into the Polygonia spp. group; all Theclinae sub-
family (hairstreaks) and Polyommatinae subfamily (blues) into 
the Theclinae/Polyommatinae spp. group; and all painted lady 
(Vanessa cardui) and American lady (V. virginiensis) into the 
Vanessa spp. group.
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Invertebrates

Passive and active sampling techniques were used for 
invertebrate collections on study sites (table 2). Passive sam-
pling methods are designed to catch a representative sample 
of all invertebrate functional groups in the sampled habitats 
(Leather, 2005), whereas active methods yield data only on 
invertebrates that are present within the sample area at the 
time of sampling.

For passive invertebrate sampling, we deployed 18 
PEMITs (6 at Bluffton Native Habitat Waterway, 6 at Deetz 
Nature Preserve, 4 at Bell, and 2 at Holden) that consisted of 
a sea, land, and air Malaise trap (SLAM; BioQuip Products, 
Inc., Compton, California; 1.1 × 1.1 × 1.1 m), with additional 
pitfall traps as described below. The SLAM is fabricated 
with a white roof (108 × 32 mesh per square inch) and black 
Polyester no-see-um fabric (96 × 26 mesh per square inch; 
fig. 2). Each of the two perpendicular interception areas are 
165 × 110 centimeters (cm), and a 500-milliliter (ml) collec-
tion bottle is attached at the peak of the trap. For this study, the 
large insect excluder was not used. The collection bottle con-
tained 250 ml of soapy water (unscented, undyed dish soap) 
at a ratio sufficient to remove surface tension and increase 
invertebrate collection success. Plastic collection trays con-
taining additional soapy water were positioned under the two 
crossed walls of the trap to collect falling invertebrates that 
encountered the fabric and as pit fall traps for ground crawling 
invertebrates. We dug two perpendicular trenches and inserted 
the trays into the ground so that the lip of the tray was even 
with ground surface and had good soil-tray contact. Individual 
plastic trays were 29.2 × 19.1 cm, contained soapy water that 
was at maximum 5.7 cm deep, and had a 250-micrometer 
(μm) mesh overflow screen in case of precipitation. The 
SLAM was aligned over the 14 trays that covered an area of 
0.781 m2 below the trap (fig. 2). After sampling, all trap water 
was filtered with a 250-μm mesh to collect invertebrates. 
Invertebrates from the top collector and bottom trays were 
combined into one sample for the sampling day. All specimens 
were preserved in 70-percent ethanol.

Traps were randomly placed within each of only two 
habitats (mature and restored) on studied sites owing to 
logistical time constraints (table 2). The traps were deployed 
between 0800 and 1200 h, and invertebrates were collected 
approximately every 24 h for 2 days. Traps were deployed 
three times at each site from June 21 to August 12, 2016, at 
approximately 2-week intervals. Mean trap first day deploy-
ment was 23.1±0.50 h (n=18), and mean trap second day 
deployment was 23.5±0.62 h (n=18).

Active sampling for terrestrial invertebrates employed 
seven sweep net transects in only the restored habitat owing 
to logistical time constraints (table 2). We used a net that was 
0.38 m wide, 0.41 m high, and 0.64 m deep, with a 0.91-m 
handle and 24 count mesh (MidLakes Corporation, Knoxville, 
Tennessee). Sweep transects were 1.82 m wide, at approxi-
mately 1.6 sweeps per second or 80 sweeps per 50-m tran-
sect. Each sweep transect started from a random point and 
proceeded in a random direction. Direction was randomized 
by the sampler looking at the second hand on a clock. The 
sampler walked about 50 m while sweeping all vegetation and 
collecting all invertebrates within approximately 0.91 m of the 
transect between 1200 and 1700 h from July 17 to August 11, 
2016. Mean transect length was 44.1±8.86 m, and the mean 
transect area was 81.8±16.20 m2 (n=7). Invertebrates were 
euthanized with gaseous acetone while still in the net and then 
were removed and preserved in 70-percent ethanol.

Biaggini and others (2007) suggest that identification 
of individual invertebrates to order is adequate to determine 
differences in invertebrate communities owing to land use 
changes. Consequently, all terrestrial invertebrate specimens 
were identified to order or the lowest taxonomic level pos-
sible following keys in Borror and White (1998), Bouchet 
and others (2005), Chu (1949), Cupul-Magaña and Flores-
Guerrero (2016), Ramel (2017), Sierwald (2007), Stehr (1987, 
1991), Treadwell (1996), and Triplehorn and others (2005). 
Identifications were made in the invertebrate taxonomy labora-
tory at the U.S. Geological Survey Columbia Environmental 
Research Center in Columbia, Missouri.
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Table 2. Taxa caught in pitfall-enhanced Malaise invertebrate traps and sweep netting on northeast Indiana study sites.

[n, number of pitfall-enhanced Malaise invertebrate traps or sweep net transects sampled]

Taxon group
Taxonomic 

level
Common name

Pitfall-enhanced Malaise 
invertebrate traps

Sweep netting

Mature 
(n=6)

Restored 
(n=12)

Restored 
(n=7)

  Invertebrate groups

Acariformes Order Mites Yes Yes Yes
Araneae Order Spiders Yes Yes Yes
Basommatophora Suborder Snails Yes Yes Yes
Coleoptera Order Beetles Yes Yes Yes
Collembola Subclass Springtails Yes Yes Yes
Diplura Order Two-pronged bristletails No Yes No
Diptera Order Flies Yes Yes Yes
Ephemeroptera Order Mayflies Yes No Yes
Haplotaxidae Order Haplotaxid annelid worms Yes Yes No
Hemiptera Order True bugs Yes Yes Yes
Hymenoptera Order Sawflies, wasps, bees, ants Yes Yes Yes
Isopoda Order Crustaceans Yes Yes No
Julida Order Millipede Yes Yes No
Lepidoptera Order Butterflies, moths Yes Yes Yes
Lithobiomorpha Order Stone centipedes Yes Yes No
Mantodea Order Mantids No No Yes
Mecoptera Order Scorpionflies, hangingflies, allies Yes Yes No
Neuroptera Order Lacewings, antlions, mantidflies Yes Yes Yes
Odonata Order Dragonflies, damselflies No Yes Yes
Opiliones Order Harvest men Yes Yes Yes
Orthoptera Order Grasshoppers, crickets, katydids Yes Yes Yes
Polydesmida Order Flat-backed millipedes (P. angustus) Yes Yes No
Pseudoscorpiones Order Pseudoscorpion Yes Yes No
Psocoptera Order Barklice, booklice, parasitic lice Yes Yes Yes
Siphonaptera Order Fleas Yes No No
Thysanoptera Order Thrips Yes Yes Yes
Trichoptera Order Caddisflies Yes Yes Yes

Non-invertebrate groups

Blarina brevicauda Species Northern short-tailed shrew Yes Yes No
Sorex cinereus Species Masked shrew Yes No No
Anaxyrus americanus Species American toad No Yes No
Plethodon cinereus Species Red-backed salamander Yes No No
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Figure 2. Pitfall-enhanced Malaise invertebrate trap used for passive invertebrate collections. The trap 
was deployed at the Deetz Nature Preserve site, New Haven, Indiana. Collection trays (arrows) containing 
soapy water inset into the ground act as pitfall traps beneath the above ground Malaise trap. Photograph 
by J. Albers, U.S. Geological Survey.

Results
Detailed data collected from butterfly, PEMITs, and 

sweep net sampling were compiled, together with relevant 
metadata, in a USGS data release (Albers and others, 2023). 
We identified a total of 19 taxonomic groups of butterflies, 
with 1, 11, and 18 known groups from the old field, mature, 

and restored sites, respectively (table 1). PEMITs captured 
26 different invertebrate taxa and 4 vertebrate taxa on mature 
and restored sites (24 invertebrate taxa, each, on mature 
and restored sites; 3 and 2 vertebrate species on mature and 
restored sites, respectively; table 2). Sweep net sampling of 
restored sites captured 18 invertebrate taxa, including mantids 
(Mantodea), which were not detected using PEMITs (table 2).
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Summary
This report provides a summary of terrestrial inverte-

brates collected at old field, mature, and restored hardwood 
forest floodplain sites in northeast Indiana. Invertebrate 
populations were sampled using different equipment types 
and techniques at the three sites, including walking but-
terfly transects, pitfall-enhanced Malaise invertebrate traps 
(PEMITs), and sweep nets. Each method targeted a group of 
insects, either actively or passively collecting insects, and used 
together, gave an overall assessment of species diversity.

A total of 19 taxonomic groups of butterflies were identi-
fied, with 1, 11, and 18 groups from the old field, mature, and 
restored sites, respectively. Samples collected with PEMITs 
captured 26 different invertebrate taxa and 4 vertebrate taxa 
on mature and restored sites (24 invertebrate taxa, each, on 
mature and restored sites; 3 and 2 vertebrate species on mature 
and restored sites, respectively). Sweep net sampling of 
restored sites captured 18 invertebrate taxa, including mantids 
(Mantodea), which were not detected using PEMITs. These 
data were collected in anticipation of assessing the progress of 
restored hardwood forest communities toward conditions in 
mature seasonal floodplain forests in northeast Indiana.
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