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Abstract

The adult caddisfly assemblages of Drummond Island, a Michigan island in Lake
Huron near the Canadian border, were sampled in 2021-2022 from 3 sites on Lake Huron,
8 inland lakes, 2 vernal pools, and 1 stream. Adult caddisflies from each site were sampled
in spring, summer, and autumn using ultraviolet blacklight traps. A total of 89 species
representing 37 genera and 12 families was collected, including several not seen in Mich-
igan for 50-70 years and the first confirmation of the rare species Beothukus complicatus
(Banks) (Phryganeidae) from the state. A non-metric multidimensional scaling ordination
determined distinct species assemblages between lakes, vernal pools, and the stream, but
no difference between inland lakes and Lake Huron sites. Based on total organic biomass,
all 4 habitat types were dominated (60-90%) by shredders, particularly those in the family
Phryganeidae. Total species richness was lower on Drummond Island than within other
Michigan areas where rigorous recent sampling has occurred, possibly due to it being an
isolated island. This study provides some of the first data on the caddisfly assemblages of
undisturbed lakes in a Nearctic temperate environment, and demonstrates the importance
of caddisfly shredders in lake habitats.

Keywords: Michigan, Trichoptera, lake, assemblage, biomass, Phryganeidae

Several recent studies have document-
ed large-scale declines in aquatic insect
species and fundamental changes to their
community ecology (Sanchez-Bayo and
Wyckhuys 2019, Baranov et al. 2020, van
Klink et al. 2020, Houghton and DeWalt
2023). Without reference sites or historical
data for comparison, however, it is difficult to
accurately evaluate current species composi-
tion or ecological functioning of freshwater
ecosystems. This problem is especially true
for lake ecosystems, as research on the biotic
assemblages and potential for anthropogenic
disturbance of such habitats has lagged far
behind that of river habitats (Peck et al.
2020, Fergus et al. 2021). Therefore, quan-
tifying assemblages of ecologically important
aquatic insect taxa, especially those of lakes,
should be a scientific priority.

The caddisflies (Trichoptera) con-
stitute a particularly important group of
aquatic organisms due to their overall abun-
dance, high species richness, high ecological
diversity, and differing sensitivities to var-
ious anthropogenic disturbances (Barbour
et al. 1999, Dohet 2002, Morse et al. 2019a,
Houghton and DeWalt 2021). Although the
caddisflies of Michigan are generally well
known (Houghton et al. 2018a, Houghton et

Published by ValpoScholar,

al. 2022), most collections of the taxonomi-
cally important adult stage have consisted
of a single sample from a collection site,
usually an ultraviolet light trap deployed for
a single evening. To accurately capture the
characteristic species richness and ecological
functioning of Michigan ecosystems, multi-
ple samples need to be taken from different
seasons within a variety of habitats in an
undisturbed area. Recent area-specific stud-
ies of Michigan habitats have yielded new
species, new state records, and recaptures of
species not collected since the 1940s (DeWalt
and South 2015; Houghton 2016, 2021b,
2022; Houghton and Haack 2023). Thus,
additional interesting species and records
almost certainly remain undiscovered in
under-collected regions of the state.

While many studies of aquatic insect
assemblages have focused on the benthic
larval stage, several obvious problems exist
when doing so. First, the success of sampling
benthic specimens is highly dependent on
sampling effort (Cao et al. 2002) and the
specific sampling device used. Many com-
mon benthic collecting devices such as kick
nets, Hess samplers, and Surber samplers,
over-emphasize shallow habitats with uni-
form substrate, while under-sampling large
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woody debris, the undersides of large boul-
ders, bank habitats, near-shore vegetation,
and the entire hyporheic zone (Gerth and
Herily 2006, Chessman et al. 2007, Cao and
Hawkins 2011). Deep water habitats, such
as those of lakes, are particularly difficult
to sample, much less so with any level of
standardization (Cao and Hawkins 2011).
Second, most larvae are not identifiable
to the species level, resulting in a loss of
information and decreased metric sensi-
tivity (Hawkins et al. 2000, Stribling et al.
2008, Houghton et al. 2018b). Third, the
collection of a pre-emergent specimen does
not confirm its ability to complete its entire
life cycle in a particular habitat, thus its
capture—especially that of a subterminal
instar—may yield erroneous information
about that habitat. All of these problems can
be overcome by sampling the winged adult
stage, particularly that of the caddisflies,
since specimens are attracted to ultraviolet
lights regardless of their functional feeding
group or specific natal microhabitat, and the
presence of emergent adults confirms the
completion of the entire life cycle (Houghton
2004, Wright et al. 2013, Brakel et al. 2015).
Moreover, while the exact area sampled by
an ultraviolet light is not known, it almost
certainly is many times larger than that of
multiple samples of typical benthic sampling
devices (Houghton and DeWalt 2021). Thus,
while benthic sampling is a valuable tech-
nique for stream bioassessment, sampling
adult aquatic insects is likely a more accu-
rate representation of habitat conditions,
assuming that specimens are captured near
their actual natal habitat.

Drummond Island is located in north-
ern Lake Huron at the eastern end of
Michigan’s Upper Peninsula, 1 km from the
Canadian border, and 2—-3 km from nearby
Canadian islands (Fig. 1). The island has an
area of 33,642 ha—58% of which is included
in the Lake Superior State Forest—224 km
of coastline, and 36 inland lakes (Haack
2020). Limestone and dolomite form the
bedrock of Drummond Island, which is
frequently exposed at the surface where it
forms broad, flat expanses known as alvars
that have minimal soil and are dominated by
grasses and sedges (Lincoln 2018).

Several insect surveys have been
conducted on Drummond Island in the past
few decades, with most concentrating on
insects inhabiting the Maxton Plains alvar
and other limestone communities. These
surveys have focused on Hemiptera, includ-
ing Homoptera (Albert et al. 1994, Albert
et al. 1995, Hamilton 1994, Hamilton 1998,
Spencer et al. 2018), Lepidoptera (Albert et
al. 1994, Albert et al. 1995), Odonata (Albert
et al. 1994, Albert et al. 1995), Orthoptera
(Albert et al. 1995), and wood-boring Cole-
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optera and Hymenoptera (Haack 2020). To
date, there have been no surveys of the cad-
disflies on the island. The primary objective
of our study was to construct a preliminary
list of caddisfly species on Drummond Island
through seasonal sampling of multiple sites,
with an emphasis on inland lentic habitats
and the Lake Huron shoreline. A secondary
objective was to compare species assemblag-
es and functional feeding group biomasses
from different habitat types.

Materials and Methods

A total of 14 sites on Drummond Is-
land were sampled for adult caddisflies: 3
sites along the shoreline of Lake Huron, 8
inland lakes, 2 vernal pools, and 1 stream
(Table 1, Fig. 1). Sites were chosen to reflect
a variety of habitats (Fig. 2) that also had
reasonable road access. Sites were gener-
ally undisturbed and had local (Hydrologic
Unit Code-12) catchment habitat composed
of 90-99% native plant communities. All of
the inland lakes were undammed except for
Pigeon Cove Lake, which was a 30—40-ha
flooding area. Other inland lakes averaged
1-2 m in depth and ranged in size from
5-125 ha (Table 1), with mostly silt and
marl bottoms, and abundant shoreline and
littoral vegetation (Fig. 2). All of our sites
were within 20 km of each other. Most were
separated by 1-10 km.

Eight inland lakes, the single stream,
and 3 Lake Huron sites were sampled in
June and September 2021, and again in
May 2022. In 2022, samples were taken in
June, July, August, September, and Octo-
ber from 1 Lake Huron site, 1 inland lake,
and 2 vernal pools (Table 1). Each sample
consisted of a 15-watt portable ultraviolet
light (BioQuip, Rancho Domingo, CA, model
2805) placed over a white 34 X 25 cm pan
filled with 80% ethanol. Lights were placed
within 1 m of the shoreline on the ground, or
slightly elevated (~50 cm) when the nearby
herbaceous vegetation was tall, or placed on
a dock within 2-3 m of the shoreline when
available. Lights were turned on 30-90
minutes before dusk and collected 90-135
minutes after dusk (Wright et al. 2013).
May—July samples were collected only if
the peak daytime temperature was >25 °C,
dusk temperature was >18 °C, and there was
minimal wind and no precipitation at dusk
(Houghton 2004). During the cooler months
of September and October, samples were
collected if daytime temperature was >20 °C
and dusk temperature was >16 °C. In 2021
and May 2022, sampling occurred at 6 sites
per evening, usually on consecutive days or
as weather conditions allowed. For the later
2022 samples, all 4 sites were sampled on the
same evening. Since aquatic insects collected
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Drummond Island

Figure 1. The sampling area and our 14 sampling sites of Drummond Island, MI.
Site numbers correspond to Table 1. Base maps ©Google, TerraMetrics

within 100 m of a habitat generally reflect
the assemblage of that habitat (Sode and
Wiberg-Larson 1993, Peterson et al. 1999,
Sommerhauser et al. 1999, Calor and Mari-
ano 2012, Brakel et al. 2015, DeWalt and
South 2015, Houghton et al. 2018b, Pereira
et al. 2020, Houghton 2022), dispersals of
adults between sites, while possible, were
considered unimportant to our analyses.

All male and female specimens, except
for some non-identifiable females of the
family Hydroptilidae, were identified using
Houghton’s (2012) treatment of the Minneso-
ta caddisflies or with more specific taxonomic
treatments as needed. Specimens were
coded with their affinity for 1 of 6 different
functional feeding groups (FFGs) based on
Morse et al. (2019b) and Houghton (2021a):
algal piercers, filtering collectors, gathering
collectors, predators, scrapers, and shred-
ders. Codes consisted of ‘0’ for no affinity for
a FFG, ‘1’ low affinity, ‘2” moderate affinity,
‘3" high affinity, and ‘4’ near exclusive affin-
ity (Chevenet et al. 1994) (Table 2). These
codes were converted to proportions: 0 = 0.0,
1=0.25,2=0.50,3=0.75, and 4 = 1.0, to
multiply by the estimated biomass for each
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species (Beauchard et al. 2017). All species
within a genus were coded the same. This
approach more accurately reflected the feed-
ing plasticity of aquatic insects than pure
categorization (Dolédec et al. 2000, Gayraud
et al. 2003, Tomanova et al. 2007).

Ash-free dry mass (AFDM) values for
specimens was estimated based on Hough-
ton and Lardner (2020) (Table 2). Genera
without a determined value were assigned
the value of a genus of similar body size. All
species within a genus were assigned the
same value. While this approach did not
reflect differences in body size due to differ-
ences in sexual dimorphism, interspecific
size differences, specific habitat, larval food
quality, or emergence timing, among other
differences (Svensson 1975; Wagner 2002,
2005), it still allowed for a more precise
determination of FFG differences between
sites than simply counting specimens and
treating them as ecologically equivalent
(Houghton and Lardner 2020, Venarsky et
al. 2020). All determined specimens have
been deposited in the Hillsdale College In-
sect Collection (HCIC).
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Figure 2. Representative habitats of Drummond Island. A: Fairview Cove of Lake Huron (Site 2),
B: First Lake (12), C: Pigeon Cove Lake flooding area (9), D: Dickenson Lake (13), E: Pigeon Cove
Creek (14), F: Vernal pool #2 (5). Site numbers correspond to Table 1 and Figure 1.

To delineate differences between cad-
disfly assemblages of different habitat types,
specimens were examined with a non-metric
multidimensional scaling (NMDS) ordination
using the program PC-ORD v.7 for Windows
(Peck 2016). To reflect a consistent sampling
effort for each site, the data matrix included
the total combined specimen abundance per
site for 1 summer (late June to mid-July)
sample and 1 fall (early to mid-September)
sample. Total specimen abundance data
were logqg (x + 1) transformed before anal-
ysis. All species were weighted equally. The

Published by ValpoScholar,

NMDS ordination was conducted using the
default program settings, 250 randomized
runs, and a Bray-Curtis distance measure.
A Monte Carlo test was conducted on each
determined axis to assess its difference from
a random ordination structure (Dexter et
al. 2018). Coefficients of determination (r2)
for the associations between ordination
distances and the original n-dimensional
space distance were also determined in PC-
ORD using a Bray—Curtis distance measure
(Peck 2016). This analysis calculated the
percentage of variance explained by each
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Table 2. Ash-free dry mass (AFDM) and functional feeding group (FFG) affinity coding
data for species of the 37 caddisfly genera collected from Drummond Island. Genera are
arranged alphabetically. AFDM data from Houghton and Lardner (2020). Genera denot-
ed with an asterisk were assigned the AFDM value of a genus of similar body size. FFG
affinities from Morse et al. (2019b) and Houghton (2021a). FC = filtering collector, GC =
gathering collector, Pi = algal piercer, Pr = predator, Sc = scraper, Sh = shredder.

FFG affinity codes

Genus AFDM FC GC Pi Pr Sc Sh
Agarodes 0.795 0 2 0 0 0 2
Agraylea 0.029 0 2 2 0 0 0
Agrypnia 3.059 0 0 0 0 0 4
Anabolia 2.413 0 1 0 0 0 3
Banksiola 1.371 0 0 0 1 0 3
Beothukus* 3.059 unknown

Ceraclea 0.695 0 2 0 1 0 1
Cheumatopsyche 0.346 4 0 0 0 0 0
Fabria* 3.059 0 0 0 0 4
Glyphopsyche* 2.413 unknown

Hagenella* 3.059 unknown

Helicopsyche 0.223 0 0 0 0 4 0
Holocentropus* 0.418 1 0 0 3 0 0
Hydropsyche 0.392 4 0 0 0 0 0
Hydroptila 0.017 0 0 3 0 1 0
Ithytrichia* 0.017 0 0 1 0 3 0
Lepidostoma 0.469 0 1 0 0 0 3
Leptocerus 0.235 0 1 0 0 0 3
Limnephilus 1.549 0 1 0 0 0 3
Molanna 0.715 0 1 0 1 2 0
Mystacides 0.321 0 3 0 0 0 1
Nectopsyche 0.594 0 1 0 1 0 2
Nemotaulius 5.515 0 0 0 0 0 4
Nyctiophylax 0.105 1 0 0 2 0 1
Oecetis 0.452 0 0 0 3 0 1
Orthotrichia 0.011 0 0 4 0 0 0
Oxyethira*® 0.011 0 1 3 0 0 0
Phryganea 6.846 0 0 0 1 0 3
Phylocentropus* 0.418 4 0 0 0 0 0
Platycentropus 3.973 0 0 0 0 0 4
Plectrocnemia*® 0.418 1 0 0 3 0 0
Polycentropus 0.418 1 0 0 3 0 0
Psychomyia 0.038 0 3 0 0 1 0
Ptilostomis 7.217 0 0 0 1 0 3
Pycnopsyche 2.199 0 0 0 0 1 3
Setodes 0.192 0 3 0 1 0 0
Triaenodes 0.595 0 1 0 0 0 3

determined NMDS axis in the calculated dis-
tance matrix. Differences in mean biomass
for each FFG between lakes and streams
were determined using non-parametric
Mann-Whitney U-tests and a standard
alpha level of 0.05. The stream and vernal
pool habitats were not analyzed due to low
sample size. A species accumulation curve
based on all species and samples collected
was produced using the program EstimateS
for Windows v. 9.1 (https://www.robertkcol-
well.org/pages/estimates). Similar curves
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were produced for caddisflies collected from
the Huron Mountains (Houghton 2022) and
the Black River Ranch (Houghton 2016), two
other areas of northern Michigan recently
sampled with a rigorous effort.

Results

A total of 5567 caddisfly specimens
were collected and identified from our 56
ultraviolet light trap samples, represent-
ing 89 species, 37 genera, and 12 families
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Figure 3. Mean total species richness (lines) and number of species represented
by a single specimen (circles) based on all 56 blacklight samples collected from
Drummond Island, in comparison to those from the Huron Mountains (Houghton
2022) and Black River Ranch (Houghton 2016) areas of northern Michigan. For
graphs, 100 randomized combinations of sample order were calculated and then

a mean value determined and displayed.

(Table 3). Leptoceridae (22), Hydroptilidae
(19), Limnephilidae (12), and Phryganeidae
(12) were the most species-rich families.
Banksiola crotchi Banks (Phryganeidae) and
Oecetis inconspicua (Walker) (Leptoceridae)
were found at all 14 sites. Those two species
(1148 and 729 specimens, respectively) were
also the most abundant among all sites,
along with Plectrocnemia cinerea (Hagen)
(Polycentropodidae) (436) and Agraylea
multipunctata Curtis (Hydroptilidae) (365).
The calculated species accumulation curve
for Drummond Island exhibited lower spe-
cies richness relative to sampling effort than
did those from the Huron Mountains or the
Black River Ranch (Fig. 3). None of the three
curves approached an asymptote.

Of the top 10 species with the greatest
total AFDM, 6 were in the family Phryganei-
dae, including the top 4 (Table 3). Species of
that family constituted nearly 2/3 of the total
AFDM of the entire caddisfly assemblage
sampled. Banksiola crotchi (1573 mg) by
itself composed over 25% of the total assem-
blage AFDM, and had more than double that
of Phryganea cinerea Walker (Phryganeidae)
(609 mg), the species with the second great-
est AFDM.
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An NMDS ordination of summer and
fall species assemblages for all sampling
sites produced a two-dimensional solution
explaining almost 60% of the variation in
the data set (Fig. 4). Lake, stream and vernal
pool habitats were distinct from each other
with no overlap, but inland lake and Lake
Huron habitats were not distinct from each
other. All habitat types were dominated by
shredders, which encompassed 60-90% of
mean total assemblage AFDM (Fig. 5). There
was no significant difference in mean AFDM
of each individual FFG between inland lakes
and Lake Huron sites based on nonparamet-
ric Mann-Whitney U-tests (Fig. 5).

Discussion

Although our sample size within differ-
ent habitat types was small, the separation
of caddisfly species assemblages between
lakes, vernal pools, and the stream despite
their close geographic proximity supports
the distinctiveness of the different habi-
tat types. Houghton (2022) found similar
distinctiveness between lake and stream
habitats of Michigan’s Huron Mountains,
an area about 300 km west of Drummond
Island. Predictably, Drummond Island lake
assemblages were dominated by known len-



Submission to The Great Lakes Entomologist

THE GREAT LAKES ENTOMOLOGIST

2023

(28nd jxau U0 PanuUO)))

g0 S¥ ¥ 0 0 0 0 0 Lz 0 & 11 0 0 S 0 0 IP61 SSOY PIU0.LZ DUIYIPLXQ
10> g 1 0 0 0 0O 0 0 0 0 O 0 0 € 0 0 86T SSOY DULIN DUIYIILXO))
10 11 g 0 0 0 0O o0 T 0 I 0 0 0 1 9 7 8E€BT SSOY DIDLIGS DL1YIILXO)
10> 1 1 0 0 0 0O 0 o0 0 I o0 0 0 0 0 0 L¥6T Sutuus(q sniniqo n.a1y3odxQ
10> g 4 0 0 & 0O 0 0 0 0 O 0 0 1 0 0 7E6T A[PSOIN S15UdUDSIYIUL DAIYIILXO)
10> ¥ 1 0 0 0 0 0 0 0 0 o0 0 0 ¥ 0 0 7861 A[9SOIN 00d12.10f DA1YF2LX(0)
€0 24 1 0 0 0 0 0 % 0 0 0 0 0 0 0 O 996 T 9O D]0gOUD D.U1YLXO)
10 9 1 0 0 0 0O 0 9 0 0 O 0 0 0 0 0 1961 SSOY % IOA[OSSULY DLIND DIYILIIOYLI)
10> 4 4 0 0 0 0O 0 T 0 0 O 0 0 1 0 0 GO6 T UOHIOIA] DIDISLLD DIYILIIOYLIO)
%0 i g 0 0 0 0 0 ¢ % 0 0 0 0 L 0 0 T96T $s0Y % IOA[OSIUTY Ynpj0Qq DIYILIFOYIIQ)
10 8 1 0 0 0 0O 0 0 0 0 O 0 0 0 8 0 GO6T UONOTN DIDAD]d DIYI1IIAYIT
10> 1 1 0 0 0 0O 0 0O 0 0 O 0 0 1 0 o0 7661 Uayyeg nun1sagnnm 0]11dospAr
€0 Lg 1 Lg 0 0 0O 0 0 0 0 O 0 0 0 0 O $G6T 9SIO % o1 Dj0d100U D]1d0PLF]
%0 8T g 0 0 0 0 0O 0 0 0 o0 g ¥ 0 1 0 $G6T 9SIOIN % AL 022070ul D]13d0LPAE]
10 14 4 0 0 0 0O 0 0 0 0 O 0 0 2 0 % €961 oI 1uuvwyonl v]1dopAE]
10> 4 4 1 0 0 0O 0 T 0 0 O 0 0 0 0 0 GOBT UOHOIN DIpwWDYy D]13doLpAE]
10> 1 1 0 0 0 0O 0 0 0 0 O 1 0 0 0 O 8€6T ss0Y vULID D]1AOLPAE]
10 ¥ 1 ¥ 0 0 0 0O 0 0 0 o0 0 0 0 0 0 1761 ssoy ppodwo vj13dodpAfy
801 g9¢ 4 0 1 € 0 9 9% 6T €& L 9 9 oF1 ¥ <1 $€81 snany nropundiynu 0o vy
(61) AVAI'TLLdOYAAH
gyl 1 1 0 0 0 0O 0 T 0 0 0 0 0 0 0 O G061 syueq anu0sso]s ay24sdopLE
0% i2 € 0 0 0 0O 0 0 0 0 O 0 0 4 1 1 8E6T SSOY 1U2710q dYdLsdoLpAE]
1L 8T 1 0 0 0 0O 0 0 0 0 0 0 0 0 8T 0 G981 (1ex[[BM) SuD.La]D 21dLsd0LPAF]
0¢ 4 1 4 0 0 0O 0 0 0 0 O 0 0 0 0 0 861 ssoy vx0 aysLsdopwunay)
g'el 68 L 0 1 0 0 % 0 0 0 0 e 9 2 1z ¥ 8€61 ssoy vjLdwnd ayolsdojpunay)
9°0L $03 g 13 0 08T I 0 0 T 0 O 0 I 0 0 0 8061 (syueq) sypup aydLsdoppuinay))
(9) IVAIHOASIOMUAH
0'ey €61 6 12 0 I o ¥ ¢ 1 0 0 g g 0 ¥eT 8¢ 1981 (usdey) sywa.0q a1yy2Lsdod1jafy
(1) AVATHOASJODITHH
6'G i 9 0 0 0 1 0 I Z 0 0 0 & 9 s 0 G061 (sueq) snp1ovyd sndo.juadojlyg
(1) Avarsdoanasdid
N@dV  sodg soof $T €1 &I IT OL 6 8 L 9 s ¥ € % I uoxe,
18 I dA nyg

JIaquinu 9318

‘WeaI)S = 1§ ‘soy e[ pueul = ] ‘S[00d [BUIdA = JA ‘UOINH 9 '] JO S9IIS SUI[EI0YS = N ‘PIUIqUIOD SIS [[B WIOIJ SSBUW AIP 991]
-[se [8107 : WAV 'S1elqey [[& WOoIJ Pajoa[[0d sa10ads B Jo suawiroads Jo Joquunu [)0] = sodg 'punoj sem so109ds B 9197 M SI1II[BIO] [B10) = SO0
‘I 9aINnSI] pue [ 9[qe[, 01 PUOdSaII0d SIoqUINU 93IS *sasayjuated ur A[Iwrey Yoes UIYIIM sa10ads Jo roquiny ‘snuas pue L[iurej Aq A[[eorwiouoxe)
poSuraie aae exe], ‘sojdwes JYSI[Yoe[( 9C INO WIOIJ gZ0F PUL 1g0Z Ul SIBII(B] PUR[S] puoununi(] }e pajoa[[0d sa1oads APSIpped g8 9y, "¢ 2[qeL

https://scholar.valpo.edu/tgle

DOI: 10.22543/0090-0222.2439



1es

Drummond Island Caddisfl

Houghton and Haack

Vol. 56, Nos. 1-2

THE GREAT LAKES ENTOMOLOGIST

40

g'g 1 1 I 0 0 0 0 0 0 0 o0 0 0 0 0 O €L8T (U9SRH) 81717501y SNINDIOWIN
81T 86 8 11 0 ¥ 0 0 0 T % 0 ¥T.¥9 0 1 1 TS8T IY[BM “ofij1uowqns snjrydouwy
L'8¢ £14 9 0 0 0 0 0 T 0 T 0 z 61 0 I I ¥281 (Keg) snoorias snjrydouwry
%9 i € 0 0 T g 0 T 0 0 0 0 0 0 0 o0 G061 (squeq) snynaund snjrydouwiry
%€ (44 iz € 0 €T ¥ 0 % 0 0 O 0 0 0 0 o0 L68T syueq snpou.o snjrydouwyy
9'ge €3 L L 0 L 0 0 I € 0 0 1 % 0 % 0 8061 syuey snyseow snjrydouwi1y
e 1 1 0 0 0 0 0 0 0 0 O 0 T 0 0 o0 2981 Iev[e M sns1a1pul snyrydouwiny
e 1 1 0 0 I 0 0 0 0 0 o0 0 0 0 0 o0 I8LT () prosoLsl 2ydLsdoydATy
L6 12 i4 0 1 0 0 0 0O T I 0 0 o0 0o T 0 2981 (I9¥[BA) DID)MIDUILQG D2OGDUY
(21) AVATTIHdANINIT
evI v € 0 0 0 0 0 0 ¥ % 0 0 0 8 0 0 VE6T SUILN STPLD] SIPOUIDLL],
31 4 1 0 0 0 0 0 0 0 0 O 0 0 0 % 0 9361 £9[qIS SNIDUITIDUL SIPOUIDLL],
79 801 0T 0 0 ¥I 8 0 9 ¢ I 0 € ¢ ¥ g 0% T98T (WeSeH) snysniul sopousniL],
90 1 1 I 0 0 0 0 0 0 0 O 0 0 0 0 o0 8E6T SSOY SN1SALP SIPOUIDLL],
0¢ < g 0 1 0 I 0 T 0 T 0 0 T 0 0 o0 8EBT SSOY SLIDQ SIPOUIDLL],
9¢ 9 e 0 0 0 0 0 ¢ 0 0 O 0 0 T 0 0 GEBT AU PGV SapOUIDLL],
90 € g 0 0 0 0 0 0 T 0 O 0 0 0 0 &g 8E6T (sS0Y) sn15170 s2p072S
70 1 1 0 0 0 0 0 0 0 0 O 0 I 0 0 0 LOBT (syueq) s1j1wissad $172220)
L'€L LLT 8 I () 0 0 92 % ¢ 0 0 0 9T 0 &g ¥E6T SUIIA 2Ua7S0 §11222()
L'62¢ 6L i g €6 ¢ €8 9L 8¢ VLG 68 LL € 0 ¥ € 61 2981 (1e[E M) PNo1dSUIUL $17992()
4 L 1 0 0 0 0O 0 o0 0 0 O 0 0 L 0 0 (1981 uadey]) s171Qowwl $17993()
Lge 6L a1 T € 9T 0 T T 6 LT O 1 1T 9% & 3 1981 (UdSeH) SUISDLIULD §17202()
a6 91 id 0 0 0 0 T 0 I 8 0 0 0 o0 0 9 2981 (I9¥[eM) DP1q]D 22L5d01IoN
816 982 6 0 ¥¢ LT ¥ 0 0 3@F 061 3 0o I ¢ 1 o0 P61 (ss[ueq) snpalioqur Soprovisipy
0'g¥ 6LT g 0 0 ¢ T 0 0 02 0 O 0 T %I 0 0 668T (SYUBY) SNUDILOWD SN1290}do]
g'gl 8T g 0 0 0 I 0 0 % 0 O 0 ¥ 1T 0T 0 1981 (U9BE]) VSL2ASUDL] DIJIDLI,)
L0 1 1 0 0 0 0 0 0 0 0 O 0 0 o0 T 0 6061 (S3TY10A) PIDPUNAIS.ID] DIJIDLS))
0°L9 ¥6 < 0 0 6 0 0 ST 0 0 O 0 0 95 ¢ 1II CS8T (19Y[BM) SUDSUNSIL DIJIDAD))
6'€3 ag € 4 0 0 0 0 % 0 0 o0 0 0 1T& 0 0 6681 (syueq) PID]NIDW DI]IDLI)
g'g 8 g 0 0 0 g 0 0 0 0 0 0 I T ¢ 1 198T (UadeH) DIN]1P DI]IDLD)
6'€l 0% id 0 0 I 0 0 0 T 0 0 0 0 LT 0 I YE6T (U839¢]) VID]]20UDI DI]IDLI)
9'68 651 € 0 0O ¢ 0 0 O € 0 O 0 0 €T 0 0 8E6T (Ss0Y) PWS0ID P2]IV.LAY
(22) AVATIADOLIAT
6'1 i 1 0 0 0 0 0O 0 0 0 O 0 0 0 0 i 1981 (uedeq) wninsoy puloysoprda
(D) AVAILVINOLSOIddT
Waav  sods so] T €T g I O 6 8 L 9 S ¥ ¢ 7 I uoxe,
1S I dA nHg

Jequinu 9718

“(ponuuo)) °g SqeL

Published by ValpoScholar,



Submission to The Great Lakes Entomologist

41

THE GREAT LAKES ENTOMOLOGIST

2023

¥5 c9 ¥e 09
— ad A1 yerrqey Jod semads 1810,
18 g dA nHq
¢4 6T L% 8T 81 €v €& €z 11 0z I¢ 6& ¥E€ 6% 91s xod samads [e30],

80 1 1 0 0 0 0 0 0 0 0 0 0 0 0 T 0 GOBT IOW[) SNIOUIISIP SIPOLDSY
(1) HVAILVINOLSOQIYdS
10> 1 1 0 0 0 0 0 T 0 0 O 0 0 0 0 0 1981 uedey ppavy/ v1LwoydLsg
(1) AVAIIAINOHDASd
1g 1€ 12 0 0 0 0 0 0 T 0 O 0 ¥ 0 €I ¢ 1981 uedey snsnfuod sndo.juadfjoq
TG < rd 0 0 ¢ 0 0 € 0 0 O 0 0 0 0 0  996T 9SION 2 SO 12201 DIUWUIOLI]]
70 1 1 0 0 0 0 0 0 0 0 O 0 0 I 0 0 1161 sy uey DIOWd.L DIWAUIOLIID]]
1281 9ev a1 0 GT € & 62 S L& € 0 8 I¥ ¥& 931 €Il 1981 (U9SBH) DaLLUL) DIWIUIOLI]]
8L Ly ¥ 9 0 0 0 0 L 0 0 0 0 ¢ 0 0 I 0861 (sxueq) ppoundiq)n DIWIUIOLIII]J
6'€l %eT 6 0 I 8T 0 L I & 0 0 1€ ¥¢ 0 ¥I ¥ LB8T (s3ueq) s1uiffp x0)Aydo11din
%0 1 1 0 0 0 0 0 0 0 0 O 0 0 I 0 0 8961 01Uy PoDj1UW SNAOLJUIIOJOE]
L% 91 € 6 0 0 0o 0 9 0 0 I 0 0 0 0 o0 8E6T (S50Y) 2pUDjoW SNA0.4JUI0IOF]
¥'91 49 L 0 0 0 0O L g 1T 9 0 0 @& IT ¢ 0 F161 (syueq) snydn.iiojul sndo.juadojof
¥ 01 9 0 0 0 ¢ 1 € 1T 0 1 0 1 0 0 0 8061 (syueq) snany/ sndo.juadojofy
(01) HVAIAOJOYLNHDATOd
9LV 99 01 0 ¥ 0 I 6T L € T 0 g 1 0 ¢1 ¢I 8281 (Keg) DIDIOSDf1UAS S11L0]SO]1]]
L'1% € € 0 T 0 0 0 0 o0 0 I T 0 0 0 0 CS8T (19Y[eM) D42/1]]900 S1101S0]17]
7’6 1 1 0 0 0 0 0 T 0 0 O 0 0 0 0 0 €L81 (U98eH) s1uuadiisnun s1uio1sopd
€'609 68 11 8 z € 0 0 ST S 0 & 9z 6 T e ¢ GG8T IoN[eM P2.oU1) DAUDSLLYJ
4 id € 4 0 0 0 0 T 0 0 0 0 I 0 0 0 LOBT (s¥ueq) s15UapDUDI DJJ2UISDE]
B d 8 1 0 0 0 0 0 8 0 0 O 0 0 0 0 0 LOBT (SUeq) DIDULOUT DILQD]
¥'81 9 € 0 0 0 I 0 % T 0 O 0 0 0 0 o0 Y261 (sueq) snpo1jdui0d sniyniyjoag
L'€LST 8Y1T ¥1 131 ¢ gl 8 0% LWL LZ ¥ ¥ € 8¢ ¢¢ L L eY61 syueg 14270.40 D]OISYUDY
S'vg 8 9 0 0 0 0 0 I g 0 0 T 1 14 1 0 GS8T (13[[e M) DI17590 DIUALISY
1°L01 ge g 0 0 0 0 1T ¢ 0 6 61 0 o0 € 0 0 €L8T UsSeH aulwun.)s D1udLisy
6'60% ¥el 01 el € ¢ 3l 98¢ 9% L 0 0 I 0 6 0 3 €L81 (uedeH) nqo.sdwt viudiusy
1993 L8 L 0 ¥o9 0 T % L9 0 O 0 0 0 % ¢ €L8T Uadey »yn.0]0d DIUdAUSY
(21) AVATANVOAYHA
335 1€ g 0 L 8 0 T 0 0 0T O 0 0 ¢ 0 o0 6061 SPTYIOA D]11dO1UN DUUD]OP
! 4 1 4 0 0 0o 0 o0 o0 o0 O 0 o0 0 0 o0 7€61 ueleg nuaydLi] nuuD]jopy
1'% € 4 0 0 0 0 0 0 0 0 I 0 0 0 0 & V161 Syueq S11.1001aD]f DUUDJOPT
(&) HVAINNVIOIN
¥'8¥ 4 1 0 0 0 0 0 0 0 2 0 0 0 0 0 o0 1981 (uadeH) vp1da] a1yjoLsdoudlq
%06 5% 6 o1 1 0 0 € 0 & 1 0 € ¢ 0 91 I 3981 (1Y[eM) DL2f12115 dydLsdoudlg
g'L9 LT 8 g 1 3 I g % 0 0 0 0 0 T T 0 ¥28T (£eQ) snyvipod sndo.ajuadio]d

//scholar.valpo.edu/tgle
10.22543/0090-0222.2439

https
DOI

10



Houghton and Haack: Drummond Island Caddisflies

42 THE GREAT LAKES ENTOMOLOGIST Vol. 56, Nos. 1-2

O Inland lake

® Lake Huron 14 9

A Vemal pond P a © O

4 Siream o

o Species o )
— &0
% L]
= Stress = 0.08
; 2,=032, p=004
5 ?,=0.26, p=0.04 R ° o
13 o
= o .

o (=]
£
S o o
% Lo Je]
g 4 °© o 3
$ 5 & 0 ®
s " ° 0@ o 1
(% 40 12 I O
m o° o o
kel [« o o 10 o}
2 . ° o e
o
° . °
1 o o
[ ]
(o]
=238 o
§ 6 o7
0 ,113 o od O
0 40 &0

Auxis 1 (percentage of maximum value)

Figure 4. NMDS ordination of our 14 sampling sites based on caddisfly log;q
abundance per species per site for 1 summer (late June to mid-July) and 1 fall
(early to mid-September) blacklight sample for each site. P-values from a Monte
Carlo test of non-random ordination structure. Site numbers correspond to Table
1 and Figure 1. Species labels omitted for clarity.

tiphilic leptocerid and phryganeid caddisflies
(Wiggins 2004). The dominance of the latter
family was especially noteworthy. Not only
did phryganeids constitute a strong majority
of assemblage biomass on Drummond Island,
but 2/3 of all known Michigan phryganeid
species were found during this study, in-
cluding four species that are rarely collected
from the state: Agrypnia colorata Hagen, A.
straminea Hagen, Beothukus complicatus
(Banks), and Fabria inornata (Banks). One
exception to the dominance of lentiphilic
species was that of the rheophilic Cheumato-
psyche analis (Banks) (Hydropsychidae) in
First Lake (Table 2). This site was ~65 m
upstream and in view of the outflow of the
lake; thus, the C. analis specimens probably
emerged from that natal habitat.

The taxonomic distinctiveness of the
2 vernal pools was particularly notable.
Both pools had obvious standing water from
May—June 2022, but none from July—Oc-
tober. Nonetheless, adult caddisflies were
collected at both habitats throughout the
entire sampling period. While it is possible

Published by ValpoScholar,

that specimens flew to the vernal pools from
a nearby permanent lake, several species,
including summer and fall emergent limne-
philid and phryganeid shredders, were found
at a greater abundance near the vernal pool
sites than at the permanent sites, suggesting
that vernal pool species can either exist in
very low water or else live for several months
after adult emergence.

The lack of taxonomic separation be-
tween inland lake sites and those of Lake
Huron, and the dominance of shredders in
both habitat types, supports a lack of distinc-
tiveness among types of Drummond Island
lakes. Whereas riverine systems have had
many models proposed to predict changes in
benthic macroinvertebrate taxonomy or FFG
ecology based on stream size and other fac-
tors (Vannote et al. 1980, Thorp et al. 2006,
Maasri et al. 2021), lake environments have
received less attention. Most proposed mod-
els assessing taxonomic or FFG differences
between lakes have focused primarily on lev-
el of eutrophication rather than fundamental
variables such as area, depth, bottom sub-
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Figure 5. The relative AFDM biomass of 5 caddisfly FFGs within the 4 types
of habitats sampled on Drummond Island, based on 1 summer (late June
to mid-July) and 1 fall (early to mid-September) ultraviolet light sample for
each site. FC = filtering collector, GC = gathering collector, Pr = predator, Sc
= scraper, Sh = shredder. Algal piercers omitted due to composing <1% of the
AFDM of each sample. No significant difference was found in mean AFDM of
each FFG between inland lakes and Lake Huron sites based on nonparametric
Mann-Whitney U-tests (FC: p = 0.06, GC: p = 0.37, Pr: p = 0.54, Sc: p = 0.25,
Sh: p = 0.27). The stream and vernal pool habitats were not analyzed due to

low sample size.

strate type, or level of shoreline vegetation
(Pace et al. 2004, Galloway et al. 2014, Lau
et al. 2014, Tanentzap et al. 2017). In a study
of undisturbed Finish lakes, Heino (2008)
found that benthic shredders increased in
abundance with lake surface area, aquatic
macrophytes, total phosphorous, and water
hardness, but surprisingly not with that of
percent shoreline coverage by deciduous
trees. The high relative biomass of shred-
ders in the undisturbed lakes of Drummond

https://scholar.valpo.edu/tgle
DOI: 10.22543/0090-0222.2439

Island suggests that coarse allochthonous
input is important to natural lake food webs
just as it is for streams (Vannote et al. 1980,
Houghton 2022). While only caddisflies were
sampled in this study, trends in caddisfly
FFG ecology usually reflect those of the over-
all aquatic macroinvertebrate assemblage
(Dohet 2002, Houghton and Wasson 2013,
Houghton et al. 2018b, Morse et al. 2019a,
Houghton 2021a).
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Drummond Island is the third area
of northern Michigan to have both lakes
and streams recently sampled for adult
caddisflies from spring to fall with a rigor-
ous effort. The 89 species reported herein
compares to 169 from the Huron Mountains
in the northern Upper Peninsula (Houghton
2022) and 114 from the Black River Ranch
in the northern Lower Peninsula (Houghton
2016). Of the 89 species found on Drummond
Island, 76 were also found in the Huron
Mountains and 64 were also found at the
Black River Ranch. The Black River Ranch
yielded 51 species not found on Drummond
Island and the Huron Mountains yielded
94 species. Both the non-asymptotic shape
and the relatively high number of species
represented by a single specimen support
substantial additional undiscovered species
in all three areas. Nonetheless, the species
richness relative to sampling effort was
clearly lowest on Drummond Island than
in the other two areas. This lower caddisfly
richness may be due to it being a small is-
land (MacArthur and Wilson 2016). While
Drummond Island is only 2-3 km from
the Michigan mainland, such a distance
may present a significant impediment to
weak-flying caddisflies and other aquatic
insects (Peterson et al. 1999, Sommerhauser
et al. 1999, Brakel et al. 2015). DeWalt and
South (2015) hypothesized a similar expla-
nation for the low species richness of cad-
disflies (46) on Lake Superior’s Isle Royale,
an island 25 km from mainland Minnesota
and Ontario, in particular due to their weak
flight and low vagility. It is also possible that
the thin-soil environments and the lack of
different stream sizes and morphologies may
lead to naturally lower species richness on
Drummond Island (Lincoln 2018).

Although no undescribed species or
new state records were collected, there
were some captures of unique or rarely col-
lected species during this study (Table 3).
Beothukus complicatus is known primarily
from Canada, with very few specimens
reported from Minnesota and Wisconsin
(Rasmussen and Morse 2021). Houghton et
al. (2018a) tentatively reported the species
from Michigan based on unpublished reports
without corresponding voucher specimens.
The 6 specimens from 3 localities report-
ed herein constitute the first confirmed
presence of the species in the state, and
doubles the number of known specimens
from the entire United States (Longridge
and Hilsenhoff 1972, Houghton 2012). With
a single specimen from Potagannissing Bay
in Lake Huron (site 3), Holocentropus milaca
Etnier (Polycentropodidae) is now known
worldwide from only 6 sites, all in Minnesota
or Michigan (Houghton 2012, Houghton et
al. 2018b). Limnephilus parvulus (Banks)

Published by ValpoScholar,
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(Limnephilidae), F. inornata, and A. colorata
(Phryganeidae) are all species that have been
previously reported from Michigan, but not
within the last 50-70 years. Our specimens
confirmed their extant presence in the state.
Glyphopsyche irrorata (F.) (Limnephilidae)
is a rarely collected species, as it emerges in
late fall, overwinters as an adult, and dies
out in April or May (Berté and Pritchard
1983). Hydropsyche alternans (Walker) (Hy-
dropsychidae) was suggested by Miess et al.
(2022) as possibly extirpated from the Great
Lakes other than Lake Superior due to zebra
mussel [Dreissena polymorpha (Pallas)] en-
croachment. Our specimens from Fairview
Cove confirmed its adult presence at Lake
Huron, nearly 100 km from Lake Superior.

Due to the proximity of sites to each
other in this study, it is possible that some
specimens that originated in one natal habi-
tat were collected by a light trap of a different
habitat. For example, the high abundance of
the common rheophilic species C. analis in
First Lake was likely due to the sampling
site being within 65 m of and in view of the
lake outflow. While this problem can never
be completely eliminated, many studies
have demonstrated that the low vagility
of caddisflies promotes minimal specimen
‘leakage’ between sampling sites, especially
sites that are not visible from each other
(Sode and Wiberg-Larson 1993, Peterson et
al. 1999, Sommerh&user et al. 1999, Calor
and Mariano 2012, Houghton and Wasson
2013, DeWalt and South 2015, Houghton
et al. 2018b, Pereira et al. 2020). Brakel
et al. (2015), in particular, found a forest
and meadow site along a single Michigan
stream that were separated by ~100 m had
minimal overlap in their specific forest- and
meadow-dwelling caddisfly assemblages
when using simultaneous ultraviolet light
sampling of adult specimens. All of our
sampling sites were >100 m apart and not
visible to each other. Moreover, because we
analyzed our assemblages using abundance
(Fig. 4) and ash-free dry mass (Fig. 5) data,
the presence of an occasional errant speci-
men would have had minimal effects on our
results, especially since errant specimens
are usually of common and abundant species
that are generally non-informative of habitat
conditions (Peterson et al. 1999).

Some other potential experimental
error may have been due to the challenges
of sampling adult caddisflies representa-
tively with blacklight traps. It is not known
definitively if such traps are exhaustive, if
they attract all species equally, or if species
are less attracted at certain specific points
during their adult flight period (Myers
and Resh 1999, Nakano and Tanida 1999).
Moreover, it is nearly impossible without
electronic timers or a large field crew, to run
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each light for an identical period of time.
Such inconsistencies could potentially have
affected our results, particularly our biomass
comparisons. Fortunately, the vast majority
of both specimens and species in northern
Michigan, including those of all FFGs, are
caught in blacklight traps within the first
1-2 h after dusk (Wright et al. 2013, Brakel
et al. 2015). Thus, any error in our study was
probably minimal.

Since nearly 20% of the caddisfly spe-
cies that we collected were represented by
a single specimen (Fig. 3), it is likely that
additional species remain to be discovered
on Drummond Island. Such a situation
likely occurs in areas throughout the north-
central US and elsewhere. Thus, further
research should include sampling caddis-
flies and other aquatic insects from unique
and undisturbed habitats throughout the
region. Further sampling of lake habitats is
particularly important so that models can
be generated to predict changes in aquatic
insect assemblages relative to specific lake
variables.

Acknowledgments

Research costs were supported by the
Hillsdale College (HC) biology department.
Publication costs were supported by HC
and the United States Department of Ag-
riculture—Forest Service. We thank Zach
Adams, Catherine Draghiciu, Jeremy Luce,
and Christina Manna for laboratory assis-
tance, and Phyllis Carey, Paul Gratowski,
Matthew Johncox, Paul LaPoint, Greg and
Julie Martin, Steve Walker, and the Mich-
igan Department of Natural Resources for
providing access to sampling sites. Google
Earth base maps were used following per-
mission guidelines (https://www.google.com/
permissions/geoguidelines/attr-guide/). This
is paper #34 of the GH Gordon BioStation
Research Series.

Literature Cited

Albert, D. A., P. J. Comer, D. L. Cuthrell, M.
R. Penskar, M. L. Rabe, and C. Reschke.
1994. Bedrock shoreline surveys of the Ke-
weenaw Peninsula and Drummond Island in
Michigan’s Upper Peninsula. Michigan Nat-
ural Features Inventory. Lansing, MI. 94 pp.

Albert, D. A., P. J. Comer, D. L. Cuthrell, M.
R. Penskar, and M. L. Rabe. 1995. Bedrock
shoreline biological survey of the Niagara
Escarpment in Michigan’s Upper Peninsula:
Mackinac County to Delta County. Report
to Michigan Department of Environmental
Quality, Land and Water Management Di-
vision. 51 pp.

https://scholar.valpo.edu/tgle
DOI: 10.22543/0090-0222.2439

Baranov, V., J. Jourdan, F. Pilotto, R. Wag-
ner, and P. Haase. 2020. Complex and
nonlinear climate-driven changes in fresh-
water insect communities over 42 years.
Conservation Biology 34: 1241-1251.

Barbour, M. T., J. Gerritsen, B. D. Snyder,
and J. B. Stribling. 1999. Rapid bioassess-
ment protocols for use in streams and rivers:
periphyton, benthic macroinvertebrates, and
fish, 2nd ed. EPA841-B-99-002. Office of Wa-
ter, US Environmental Protection Agency,
Washington, DC.

Beauchard, O., H. Verissimo, A. M. Querirés,
and P. M. J. Herman. 2017. The use of
multiple biological traits in marine commu-
nity ecology and its potential in ecological
indicator development. Ecological Indictors
76: 81-96.

Berté, S. B., and G. Pritchard. 1983. The life
history of Glyphopsyche irrorata (Trichop-
tera, Limnephilidae): a caddisfly that
overwinters as an adult. Holarctic Ecology
6: 69-73.

Brakel, K., L. R. Wassink, and D. C. Houghton.
2015. Nocturnal flight periodicity of the cad-
disflies (Trichoptera) in forest and meadow
habitats of a first order Michigan stream. The
Great Lakes Entomologist 48: 34—44.

Calor, A. R., and R. Mariano. 2012. UV light
pan traps for collecting aquatic insects. En-
tomoBrasilis 5: 164—166.

Cao, Y., D. P. Larsen, R. M. Hughes, P. L.
Angermeier, and T. M. Patton. 2002. Sam-
pling effort affects multivariate comparisons
of stream assemblages. Journal of the North
American Benthological Society 21: 701-714.

Cao, Y., and C. P. Hawkins. 2011. The compa-
rability of bioassessments: a review of con-
ceptual and methodological issues. Journal
of the North American Benthological Society
30: 680-701.

Chessman, B., S. Williams, and C. Besley.
2007. Bioassessment of streams with macro-
invertebrates: effect of sampled habitats and
taxonomic resolution. Journal of the North
American Benthological Society 26: 546-565.

Chevenet, F., S. Dolédec, and D. Chessel.
1994. A fuzzy coding approach for the anal-
ysis of long-term ecological data. Freshwater
Biology 31: 295-309.

Dexter, E., G. Rollwagen-Bollens, and S. M.
Bollens. 2018. The trouble with stress: a
flexible method for the evaluation of nonmet-
ric multidimensional scaling. Limnology and
Oceanography: Methods 16: 434-443.

DeWalt, R. E., and E. J. South. 2015. Ephem-
eroptera, Plecoptera, and Trichoptera on Isle
Royale National Park, USA, compared to
mainland species pool and size distribution.
ZooKeys 532: 137-158.

14



Houghton and Haack: Drummond Island Caddisflies

46 THE GREAT LAKES ENTOMOLOGIST

Dohet, A. 2002. Are caddisflies an ideal group for
the assessment of water quality in streams?
In: Mey W (Ed.), Proceedings of the 10th
International Symposium on Trichoptera,
30 July—05 August, Potsdam, Germany.
Nova Supplementa Entomologica, Keltern,
Germany, 507-520.

Dolédec, S., J. M. Olivier, and B. Statzner.
2000. Accurate description of the abun-
dance of taxa and their biological traits in
stream invertebrate communities: effects of
taxonomic and spatial resolution. Archiv fir
Hydrobiologie 148: 25-43.

Fergus, C. E., J. R. Brooks, P. R. Kaufmann,
A.I. Pollard, A. T. Herlihy, S. G. Paulsen,
and M. A. Weber. 2021. National framework
for ranking lakes by potential for anthropo-
genic hydro alteration. Ecological Indicators
122: e107241.

Galloway, A.W. E., S. J. Taipale, M. Hiltunen,
E. Peltomaa, U. Strandberg, M. T. Brett,
and P. Kankaala. 2014. Diet-specific
biomarkers show that high-quality phyto-
plankton fuels herbivorous zooplankton in
large boreal lakes. Freshwater Biology 59:
1902-1915.

Gayraud, S., B. Statzner, P. Bady, A. Hay-
bachp, F. Scholl, P. Usseglio-Polatera,
and M. Bacchi. 2003. Invertebrate traits for
the biomonitoring of large European rivers:
an initial assessment of alternative metrics.
Freshwater Biology 48: 1-20.

Gerth, W., and A. T. Herily. 2006. Effect of
sampling different habitat types in regional
macroinvertebrate bioassessment surveys
Journal of the North American Benthological
Society 25: 501-512.

Haack, R. A. 2020. Buprestidae, Cerambycidae,
and Siricidae collected in baited funnel traps
on Drummond Island, Chippewa County,
Michigan. The Great Lakes Entomologist
53: 73-82.

Hamilton, K. G. A. 1994. Leathopper evidence
for origins of Northeastern relict prairies
(Insecta: Homoptera: Cicadellidae), pp 61-70.
In: Proceedings of the 13th North American
Prairie Conference. Preney Print and Litho
Inc. Windsor.

Hamilton, K. G. A. 1998. New World species of
Chlorita, Notus, and Forcipata (Rhynchota:
Homoptera: Cicadellidae: Typhlocybinae)
with a new Tribe Forcipatini. The Canadian
Entomologist 130: 491-507.

Hawkins, C. P., R. H. Norris, J. Gerritsen, R.
M. Hughes, S. K. Jackson, R. K. Johnson,
and R. J. Stevenson. 2000. Evaluation of
the use of landscape classifications for the
prediction of freshwater biota: synthesis
and recommendations. Journal of the North
American Benthological Society 19: 541-556.

Published by ValpoScholar,

Vol. 56, Nos. 1-2

Heino, J. 2008. Patterns of functional biodiversity
and function—environment relationships in
lake littoral macroinvertebrates. Limnology
and Oceanography 53: 1446-1455.

Hill, R. A., M. A. Weber, S. G. Leibowitz, A.
R. Olsen, and D. J. Thornbrugh. 2016.
The Stream Catchment (StreamCat) Data-
set: a database of watershed metrics for the
conterminous United States. Journal of the
American Water Resources Association 52:
120-128.

Houghton, D. C. 2004. Biodiversity of Minnesota
caddisflies (Insecta: Trichoptera): delineation
and characterization of regions. Environmen-
tal Monitoring and Assessment 95: 153-181.

Houghton, D. C. 2012. Biological diversity of
Minnesota caddisflies. ZooKeys Special Is-
sues 189: 1-389.

Houghton, D. C. 2016. The caddisflies (Trichop-
tera) of an undisturbed Lower Michigan habi-
tat. The Great Lakes Entomologist 49: 41-54.

Houghton, D. C. 2021a. A tale of two habitats:
whole-watershed comparison of disturbed
and undisturbed river systems in northern
Michigan (USA), based on adult Ephemer-
optera, Plecoptera, and Trichoptera assem-
blages and functional feeding group biomass.
Hydrobiologia 848: 3429—3446.

Houghton, D. C. 2021b. A new species of Setodes
Rambur (Trichoptera: Leptoceridae) from
northern Michigan, USA. Zootaxa 4965:
293-300.

Houghton, D. C. 2022. Comparison of caddisfly
(Insecta: Trichoptera) assemblages from dif-
ferent habitat types of the Huron Mountains
of Michigan, USA. ZooKeys 1111: 267—286.

Houghton, D. C., and R. E. DeWalt. 2021. If
a tree falls in the forest: terrestrial habitat
loss predicts caddisfly (Insecta: Trichoptera)
assemblages and functional feeding group
biomass throughout rivers of the north-cen-
tral United States. Landscape Ecology 36:
3061-3078.

Houghton, D. C., and R. E. DeWalt. 2023. The
caddis aren’t alright: modeling Trichoptera
richness in the northcentral United States
reveals substantial species losses. Frontiers
in Ecology and Evolution 11: 1163922

Houghton, D. C., and R. A. Haack. 2023. The
caddisflies (Trichoptera) of Finch Creek,
Antrim County, Michigan. The Great Lakes
Entomologist 56:49—64.

Houghton, D. C., and R. Lardner. 2020. Ash-
free dry mass values for northcentral USA
caddisflies (Insecta, Trichoptera). ZooKeys
951: 137-146.

Houghton D. C., and J. L. Wasson. 2013.
Abrupt biological discontinuity in a small
Michigan stream due to historical riparian

15



Submission to The Great Lakes Entomologist

2023 THE GREAT LAKES ENTOMOLOGIST 47

canopy loss. Journal of Freshwater Ecology
28: 293-306.

Houghton, D. C., R. E. DeWalt, A. J. Pytel, C.
N. Brandin, S. R. Rogers, P. L. Hudson, D.
E. Ruiter, E. Bright, and B. J. Armitage.
2018a. Updated checklist of the Michigan
caddisflies (Insecta: Trichoptera) with habitat
affinities. ZooKeys 730: 55—72.

Houghton, D. C., B. A. Albers, W. T. Fitch, E.
G. Smith, M. C. Smith, and E. M. Steger.
2018b. Serial discontinuity in naturally al-
ternating forest and meadow habitats of an
undisturbed Michigan (USA) stream. Journal
of Freshwater Ecology 33: 139-155.

Houghton, D. C., R. E. DeWalt, T. Hubbard,
K. L. Schmude, J. J. Dimick, R. W. Holz-
enthal, R. J. Blahnik, and J. L. Snitgen.
2022. Checklist of the caddisflies (Insecta:
Trichoptera) of the Upper Midwest region of
the United States. ZooKeys 1111: 287-300.

Lau, D. C. P., I. Sundh, T. Vrede, J. Pickova,
and W Goedkoop. 2014. Autochthonous
resources are the main driver of consumer
production in dystrophic boreal lakes. Ecol-
ogy 95: 1506—-1519.

Lincoln, J. M. 2018. Ecological review of Maxton
Plains alvar. Michigan Natural Features
Inventory Report Number 2018-24, Lansing,
MI. 28 pp.

Longridge, J. L., and W. L. Hilsenhoff. 1972.
Trichoptera (caddisflies) of the Pine-Popple
River. Wisconsin Department of Natural
Resources Technical Bulletin #54, pp. 20-30.

Maasri, A., J. H. Thorp, N. Kotlinski, J. Kie-
sel, B. Erdenee, and S. C. Jahnig. 2021.
Variation in macroinvertebrate community
structure of functional process zones along
the river continuum: New elements for the
interpretation of the river ecosystem syn-
thesis. River Research and Applications 37:
655-674.

MacArthur, R. H., and E. O. Wilson. 2016. The
theory of island biogeography. Princeton:
Princeton University Press.

Miess, S., A. Chrisekos, and M. Strand. 2022.
An ecological profile of Hydropsyche alternans
(Trichoptera: Hydropsychidae) in Lake Supe-
rior, the last stronghold of a once-dominant
Great Lakes surf zone caddisfly. Insects 3:
659.

Morse, J. C., P. B. Frandsen, W. Graf, and J.
A. Thomas. 2019a. Diversity and ecosystem
services of Trichoptera. Insects 10: e125.

Morse, J. C., R. W. Holzenthal, D. R. Robert-
son, A. K. Rasmussen, and D. C. Currie.
2019b. Trichoptera. In: Merritt RW, Cum-
mins KW, Berg MB, An introduction to the
aquatic insects of North America, 5th ed. pp.
585—-764. Kendall/Hunt, Dubuque, IA.

https://scholar.valpo.edu/tgle
DOI: 10.22543/0090-0222.2439

Myers, M. J., and V. H. Resh. 1999. Use of pan
traps to collect adult Trichoptera in high
desert spring habitats of California, USA. In:
Malicky H and Chantaramongkol P (eds) Pro-
ceedings of the 9th International Symposium
on Trichoptera, 5-10 January 1998, Chiang
Mai, pp. 259-267, Faculty of Science, Chiang
Mai University.

Nakano, A., and K. Tanida. 1999. Species rich-
ness of Trichoptera in mountain streams in
Japan: some practical and statistical tests to
reveal the diversity in mother community. In:
Malicky H and Chantaramongkol P (eds) Pro-
ceedings of the 9th International Symposium
on Trichoptera, 5—10January 1998, Chiang
Mai, pp. 271-283, Faculty of Science, Chiang
Mai University.

Pace, M. L., J. J. Cole, S. R. Carpenter, J. F.
Kitchell, J. R. Hodgson, M. C. Van de
Bogert, D. L. Blade, E. S. Kritzberg, and
D. Bastviken. 2004. Whole-lake carbon-13
additions reveal terrestrial support of aquatic
food webs. Nature 427: 240-243.

Peck, J. 2016. Multivariate Analysis for Ecolo-
gists: Step-by-step. MJM Software, Gleneden
Beach, Oregon, 192 pp.

Peck, D. V., S. G. Paulsen, P. R. Kaufmann,
and A. T. Herlihy. 2020. Jewels across
the landscape: monitoring and assessing
the quality of lakes and reservoirs in the
United States. In: Water Quality—Sci-
ence, Assessments and Policy. IntechOpen.
Available from https://doi.org/10.5772/
intechopen.92286

Pereira, R., G. G. Rodrigues, A. R. Calor, and
S. D. Vasconcelos. 2020. Field assessment
of the efficiency of two sampling techniques
for adult caddisflies (Insecta: Trichoptera).
International Journal of Tropical Insect
Science 41: 903-908.

Peterson, 1., J. H. Winterbottom, S. Orton,
N. Friberg, A. G. Hildrew, D. C. Spiers,
and W. S. C Gurney. 1999. Emergence and
lateral dispersal of adult Plecoptera and
Trichoptera from Broadstone Stream, U.K.
Freshwater Biology 42: 401-416.

Rasmussen, A. K., and J. C. Morse. 2021. Dis-
tributional checklist of Nearctic Trichoptera
(Fall 2021 Revision). Unpublished, Florida
A&M University, Tallahassee. 519 pp.
Available from http://www.trichoptera.org/.
Accessed 15 December 2022.

Sanchez-Bayo, F., and K. A. G. Wyckhuys.
2019. Worldwide decline of the entomofauna:
A review of its drivers. Biological Conserva-
tion 232: 8-27.

Sode, A., and P. Wiberg-Larson. 1993. Disper-
sal of adult Trichoptera at a Danish forest
brook. Freshwater Biology 30: 439—446.

Sommerhauser, M., P. Koch, B. Robert, and
H. Schumacher. 1999. Caddisflies as indica-

16



Houghton and Haack: Drummond Island Caddisflies

48 THE GREAT LAKES ENTOMOLOGIST

tors for the classification of riparian systems
along lowland streams, In H. Malicky and P.
Chantaramon-gkol (eds), Proceedings of the
9th International Symposium on Trichoptera,
5-10 January 1998, Chiang Mai, Thailand,
pp. 337-348, Faculty of Science, Chiang Mai
University.

Spencer, M. W., J. P. Dunn, and E. M.
Szymczak. 2018. An inventory of Cicadel-
lidae, Aphrophoridae, and Delphacidae
(Hemiptera) in the alvar grasslands of the
Maxton Plains, Michigan. The Great Lakes
Entomologist 51: 18-25.

Stribling, J. B., K. L. Pavlik, S. M. Hold-
sworth, and E. W. Leppo. 2008. Data
quality, performance, and uncertainty in
taxonomic identification for biological as-
sessment. Journal of the North American
Benthological Society 27: 906-919.

Svensson, B. W. 1975. Morphometric variation of
adult Potamophylax cingulatus (Trichoptera)
reflecting environmental heterogeneity in a
south Swedish stream. Oikos 26: 365—3717.

Tanentzap, A. J., B. W. Kielstra, G. M.
Wilkinson, M. Berggren, N. Craig, P. A.
del Giorgio, J. Grey, J. M. Gunn, S. E.
Jones, J. Karlsson, C. T. Solomon, and
M. L. Pace. 2017. Terrestrial support of
lake food webs: Synthesis reveals controls
over cross-ecosystem resource use. Science
Advances 3: €1601765.

Thorp, J. H., M. C. Thoms, and M. D. Delong.
2006. The riverine ecosystem synthesis:
biocomplexity in river networks across space
and time. River Research and Applications
22:123-147.

Tomanova, S., P. A. Tedsco, M. Campero, P. A.
Van Damme, N. Moy, and T. Oberdorff.

Published by ValpoScholar,

Vol. 56, Nos. 1-2

2007. Longitudinal and altitudinal changes of
macroinvertebrate functional feeding groups
in neotropical streams: a test of the River
Continuum Concept. Archiv fiir Hydrobiolo-
gie 170: 233-241.

van Klink, R., D. E. Bowler, K. B. Gongalsky,
A. G. Swengel, and J. M. Chase. 2020. Me-
ta-analysis reveals declines in terrestrial but
increases in freshwater insect abundances
Science 368: 417—420.

Vannote, R. L., G. W. Minshall, K. W. Cum-
mins, J. R. Sedell, and C. E Cushing.
1980. The river continuum concept. Canadian
Journal of Fisheries and Aquatic Sciences
37:130-137.

Venarsky, M. P., B. Stewart-Koster, R. J.
Hunt, T. D. Jardine, and S. E. Bunn. 2020.
Spatial and temporal variation of fish com-
munity biomass and energy flow throughout
a tropical river network. Freshwater Biology
65: 1781-1792.

Wagner, R. 2002. The influence of temperature
and food on size and weight of adult Chae-
topteryx vilosa (Fabricius) (Insecta: Trichop-
tera). Archiv fiir Hydrobiologie 154: 393—411.

Wagner, R. 2005. The influence of stream water
temperature on size and weight of caddisflies
(Insecta, Trichoptera) along the Breitenbach
1983-1991. Archiv fur Hydrobiologie 163:
65—79.

Wiggins, G. B. 2004. Caddisflies: the underwater
architects. University of Toronto Press.

Wright, D. R, A. J. Pytel, and D. C. Hough-
ton. 2013. Nocturnal flight periodicity of
the caddisflies (Insecta: Trichoptera) in a
large Michigan river. Journal of Freshwater
Ecology 28: 463-476.

17



	The Caddisflies (Trichoptera) of Drummond Island, Michigan, With an Assessment of Lake Assemblage Biomass
	tmp.1693847300.pdf.1HTfa

