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ABSTRACT ARTICLE HISTORY
Nearly 20,000 adult caddisfly specimens were collected during May Received 17 October 2017
through September 2010-2014 from approximately weekly ultraviolet ~ Accepted 20 January 2018
light samples of Fairbanks Creek in northern Lower Michigan. Detrended KEYWORDS
correspondence analysis determined four distinct seasonal assemblages Caddisfly; Trichoptera;
corresponding to spring (May to late June), summer (late June to late July), species; assemblages;
late summer (late July to early September), and autumn (early to late richness; biodiversity; season
September). Of the 109 total species caught, 5 indicated the spring

assemblage, 13 the summer assemblage, 1 the late summer assemblage,

and 4 the autumn assemblage. Species richness, specimen abundance,

and number of unique species were highest during the summer. Most

summer samples contained ~50% of all species caught during the year;

whereas the spring and autumn assemblage contained a smaller but

unique fauna, and the late summer assemblage was characterized by a

decreasing richness of summer species. Pollution tolerance and shredder

to filtering collector ratio metrics varied by factors of 5-30x; both were

highly dependent on the abundance of particular species. Overall mean

values of all metrics varied seasonally but not annually. The specific date

of peak species richness varied based on annual weather, but occurred at

a similar degree-day value for all 5 years. These results suggest the

importance of sampling within a season when comparing streams for

biological monitoring purposes. Moreover, they confirm the comparability

of samples taken from different years, provided such samples are

collected during the same season.

Introduction

Due to the ecological importance of caddisflies in nearly all types of aquatic ecosystems, as well as
their utility in biological monitoring protocols (Barbour et al. 1999), it is imperative to sample their
assemblages representatively. A common device for sampling the positively phototaxic winged adult
stage is the ultraviolet light trap (Wright et al. 2013; Boda et al. 2014; Brakel et al. 2015). This device
consists of a battery-powered 8-watt ultraviolet light placed over a white pan filled with a killing
agent such as 70% EtOH. The traps are placed near aquatic habitats at dusk and typically left out for
1-2 hours.

Adult sampling has several advantages over larval collecting. First, ultraviolet lights are
unmanned techniques, allowing for several collections at once. Second, because winged adults have
left the natal habitat, the difficulty of sampling all stream microhabitats is removed (Houghton,
Berry et al. 2011). Third, adult specimens - assuming taxonomic keys and expertise are available —
can usually be identified to the species level, whereas most larvae cannot. Species identification yields
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more information for biological monitoring studies and is necessary for faunistic studies (Hawkins
et al. 2000). Recent studies have utilized adult caddisfly assemblages to assess differences in seasonal
flight (Kimura et al. 2008; Houghton 2015b), ecosystem type (Kimura et al. 2006; Blinn and Ruiter
2013; Houghton 2015a), changes in water flow (Waringer 2003), land use disturbance (Collier et al.
1997; Houghton 2006, 2007), water quality (Sommerhauser et al. 1999; Dohet 2002), and changes in
riparian habitat (Houghton and Wasson 2013).

Unfortunately, several features of adult caddisflies render their use in assessing aquatic ecosys-
tems problematic. Weather variables such as temperature, wind speed, precipitation, and humidity
have been observed to affect the abundance and composition of light trap samples (Waringer 1989;
Anderson and Vondracek 1999). The specific length of sampling period can also affect captured
assemblages since different species are active during different periods throughout a night (Wright
et al. 2013; Brakel et al. 2015). Assemblages change seasonally as different species mature throughout
the year (Houghton 2015b). Thus, an early summer light trap sample may not be comparable to a
late summer sample. Likewise, light traps from different years may or may not be comparable to
each other.

While many studies have looked at the seasonal flight periodicity of individual caddisfly species
(Huryn and Wallace 2000), fewer have assessed the flight periodicity of an entire assemblage. And,
since nearly all assemblage studies have occurred over a single year (Swegman et al. 1981; Krueger
and Cook 1984; Singh et al. 1984; Dobrin and Giberson 2003), annual changes in assemblages have
not been well studied. If caddisfly adults are going to be properly used to compare conditions
between ecosystems, then it is important to assess how their assemblages change between seasons
and between years.

The objective of this study was to monitor the changes in a single assemblage of adult caddisflies
over a 5-year period. By sampling with the same protocol and under similar weather conditions dur-
ing each of the sampling nights throughout the 5 years, differences between seasons and years can be
assessed. Moreover, due to the longer study period, any potential determined patterns can be viewed
with greater confidence.

Materials and methods

Caddisfly assemblages were studied from a single site of Fairbanks Creek (N 44.046°, W 85.674°),
located in northwestern Lower Michigan, USA. Fairbanks Creek is a first-order stream with a pro-
tected watershed and intact riparian canopy throughout its continuum to the study site (Houghton
and Wasson 2013). The study site was <1 km downstream from a 20-ha mesotrophic lake, had pre-
dominantly sand and gravel substrate, and was covered by a dense riparian canopy composed primar-
ily of Thuja occidentalis (L.), Quercus rubra (L.), Betula papyrifera Marshall, and Acer rubrum (L.)

Adult caddisflies were sampled approximately weekly from mid-May to late September or early
October 2010-2014 using the ultraviolet light traps described above. Each trap was placed ~1 m
from the stream bank at dusk and retrieved 1 hour after dusk. To eliminate weather as a capture-
success variable, samples were collected from May to September only if the peak daytime tempera-
ture was >25 °C, dusk temperature was >18 °C, and there was no noticeable wind or precipitation
at dusk (Houghton 2004). During the cooler months of September and October, samples were col-
lected if peak daytime temperature was >21 °C and dusk temperature was >13 °C. Since caddisflies
collected within 15 m of a habitat accurately reflect the assemblage of that habitat (Petersen et al.
1999; Brakel et al. 2015), occasional dispersals of adults from other streams, while certainly possible,
were considered unimportant. All specimens were identified to the species level using Houghton
(2012) and were stored in the Hillsdale College Insect Collection.

Samples were examined for patterns in their caddisfly assemblages with detrended correspon-
dence analysis (DCA) using the program PC-ORD for Windows® (McCune and Medford 2006)
with the default settings. The DCA was performed on a 2-dimensional data matrix of each sample
by species presence (‘1’) or absence (‘0’). All species were weighted equally in the analysis.
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Table 1. Summary table for 2-way analysis of variance performed on the five metrics, based on adult caddisfly data over 10 weeks
in each of the 5 years of the study.

Metric df Ferit F 2]

Total specimens

Week 9 2.15 4.28 <0.001

Year 4 263 0.33 0.33
Total species

Week 9 2.15 3393 <0.001

Year 4 2.63 1.96 0.12
Unique species

Week 9 2.15 19.29 <0.001

Year 4 263 1.06 0.39
Tolerance value

Week 9 2.15 17.45 <0.001

Year 4 263 239 0.069
Shredders/filtering collectors

Week 9 215 46.17 <0.001

Year 4 2.63 1.99 0.12

Once distinct assemblages were determined by DCA, individual species were tested for their
value to indicate such assemblages with Dufréne and Legendre’s (1997) indicator species technique
also using PC-ORD with the default settings. For both the DCA and indicator species analysis, a
Monte Carlo test was added to assess the significance of determined values. Indicator species analy-
sis determines a species’ indicator value based on a combination of the percentage of samples within
a seasonal assemblage that contain a particular species, and the average abundance of that species
within each assemblage divided by the average abundance of that species in all assemblages. Com-
bining these frequency and abundance values yields an overall indicator value, which is expressed as
a percentage of perfect indication. Thus, in order to be a significant indicator, a species needed to be
common and abundant in some seasonal assemblages but not in others.

Five different metrics were calculated from adult caddisfly data to assess their annual and sea-
sonal trends (Table 1). Specimen abundance, species richness, and number of species caught on
only a single date per year were determined. Hillsenhoff’s tolerance index (Hilsenhoff 1987; Bode
et al. 1991; Barbour et al. 1999) was calculated at the species level when species-level values were
available and at the genus level when they were not. The abundance of specimens within the filtering
collector and shredder functional groups (Merritt et al. 2008) were determined, and the ratio of
shredder to filtering collector specimens was calculated. Because samples were not collected on the
same day every year, in order to calculate a mean value for each metric during the 5-year period,
each year was divided into 52 weeks. Samples from each of the five years collected during the same
week were considered as occurring on the same date and were averaged to determine an overall
mean for that week. A 2-way analysis of variance was calculated for the 10 weeks during the year in
which all 5 years had samples to determine the significance of seasonal and annual changes on the
five metrics. Mean species—sample curves were also constructed from the 5 years of data.

The water temperature of this site on every Friday afternoon during 2010-2014 was determined
and reported in a previous study (Houghton 2015b). The current study utilized the same data. To
determine the effects of stream temperature variation on species richness, degree-days were calcu-
lated for each year of this study by starting at the first Friday of each year and adding the tempera-
ture for each Friday to the accumulated temperature values from the previous Fridays. In order to
compare recent historical weather to that of the years of the study, mean annual temperatures were
also determined from the Wexford Airport weather station (N44.2753, W85.4189), the station near-
est (~40 km) to the study site, for the last 20 years (www.wunderground.com).

The effect of lunar phase on species richness, specimen abundance, and number of unique
species was estimated using QuickPhase Pro for Windows® Software (www.moonconnection.
com/quickphase/). The percentage of full (100%) moon was determined for each sampling
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date based on coordinates N44°and W85°. Simple linear regression models of the number of
specimens or species caught (dependent variable) based on percentage of full moon (indepen-
dent variable) were calculated for each of the three metrics for each of the 5 years.

Results

A total of 19,642 specimens representing 109 species were collected during the 5 years of this
study. Eighty-five species were collected in 2014, 82 in 2012, 79 in 2013, 77 in 2010, and 74 in
2011. A total of 16 samples were collected in 2011; all other years had 18 samples, for a grand
total of 88 samples. Ordination of these 88 samples by DCA produced two significant axes of
ecological interest (Figure 1). Axis 1 had an eigenvalue of 0.473 (P = 0.001) and axis 2 of
0.269 (P = 0.001). A third produced axis was not significant. Although there were some outlier
samples, DCA suggested four seasonal assemblages, corresponding to the spring (May to late
June), summer (late June to late July), late summer (late July to early September), and autumn
(early to late September).

Mean species richness was low in the early spring, increased into mid-June, and dipped slightly in
late June (Figure 2). This dip approximated the boundary between the spring and summer assemb-
lages (Figure 1). Species richness then increased again to a peak in early to mid-July before decreas-
ing into late August. This decrease approximated the boundary between summer and late summer
assemblages, although it was less distinct than the spring/summer boundary. A small increase then
occurred in early September, approximating the beginning of the autumn assemblage, before a grad-
ual decrease to the end of the collecting season. The number of species caught on only one single
date and the total number of specimens caught both followed a similar seasonal pattern (Figure 2).
All three metrics were different between weeks, but not between years (Table 1). Peak emergence
was 1 week earlier in 2010 and 2012 then it was in 2011 and 2013, and 2 weeks earlier than in 2014
(Figure 2). The mean species—sample curve exhibited a sharp increase from May until the end of the
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Figure 1. Detrended correspondence analysis ordination of the 88 samples from the 5 years of this study, suggesting four seasonal
caddisfly assemblages.
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Figure 2. Total number of adult caddisfly species caught per sampling date (A), number of species caught only on a single date
per year (B), and total number of specimens (C). Markers indicate actual date of sample. Means were calculated per week.

July, with the greatest variability between years occurring in June (Figure 3). Few additional species
were caught during August, and a few additional species were caught during September.

Mean tolerance value for the site was <1 during spring, increased to ~3 for much of the summer,
decreased to ~2 in August, and then increased to ~4 in autumn (Figure 4). Mean shredder to filter-
ing collector ratio fluctuated between 2-10 from May through July, before increasing to ~75 during
September. Both metrics were different between weeks, but not between years (Table 1).

Of the 109 total species caught, 23 had significant indicator values for a particular assemblage.
Five species indicated the spring assemblage, 13 the summer assemblage, 1 the late summer assem-
blage, and 4 the autumn assemblage (Table 2). Three species indicated >1 assemblage.
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Table 2. Overall indicator values (IV) and associated P values for the 23 significant indicator species of the four seasonal assemb-
lages of caddisflies in Fairbanks Creek. Numbers below seasonal assemblages denote the percentage of perfect indication based
on a combination of species relative abundance and relative frequency in a particular assemblage. Species are arranged in approx-
imate descending IV value for each assemblage. TFG: trophic functional group. GC: gathering collectors, FC: filtering collectors,
Pr: predators, Sc: scrapers, Sh: shredders. Tol: Hillsenhoff pollution tolerance values (Hilsenhoff 1987).

Species Family v P Spring Summer Late summer Autumn TFG Tol
Goera stylata Ross Goeridae 728 0.000 73 Sc 0
Parapsyche apicalis (Banks) Hydropsychidae 359 0.008 52 FC 0
Lepidostoma vernale (Banks) Lepidostomatidae  58.7 0.001 59 Sh 1
Nemotaulius hostilis (Hagen) Limnephilidae 30.8 0.021 31 Sh 2
Hydaophylax argus (Harris) Limnephilidae 326 0.042 26 Sh 2
Lepidostoma togatum (Hagen) Lepidostomatidae  56.4 0.001 56 Sh 1
Lype diversa (Banks) Psychomyiidae 51.8 0.001 13 52 GC 6
Ptilostomis ocellifera (Walker) Phryganeidae 50.7 0.001 51 Sh 6
Diplectrona modesta Banks Hydropsychidae 49.6 0.000 28 50 FC 3
Oecetis persimilis (Banks) Leptoceridae 47.6 0.003 48 Pr 6
Molanna blenda Sibley Molannidae 45.0 0.000 45 Sc 3
Banksiola crotchi (Banks) Phryganeidae 419 0.007 42 Sh 3
Polycentropus pentus Ross Polycentropodidae 37.8 0.024 38 Pr 5
Dolophilodes distinctus (Walker) Philopotamidae 35.6 0.041 36 FC 2
Phryganea cinerea Walker Phryganeidae 327 0.042 33 Sh 6
Brachycentrus americanus (Banks) Brachycentridae 322 0.022 32 FC 1
Glossosoma nigrior Banks Glossosomatidae 324 0.042 29 32 Sc 0
Platycentropus radiatus (Say) Limnephilidae 30.3 0.041 30 Sh 4
Lepidostoma griseum (Banks) Lepidostomatidae  54.4 0.001 54 Sh 1
Pycnopsyche guttifera (Walker) Limnephilidae 85.7 0.000 86 Sh 4
Onocomoecus unicolor (Banks) Limnephilidae 57.1 0.000 57 Sh 0
Pycnopsyche lepida (Hagen) Limnephilidae 49.7 0.002 50 Sh 4
Neophylax oligius Ross Thremmatidae 30.9 0.007 31 Sc 3

Based on mean daily air temperature for the year measured at the Wexford Airport weather sta-
tion, 2014 (5.1 °C) was the coldest year of the last 20; whereas, 2012 (8.3 °C) was the warmest since
1999. The other years were within a standard deviation (1.1) of the mean (6.9 °C) of the last 20 years
(www.wunderground.com). The year 2012 was the warmest, followed by 2010, 2011, 2013, and
2014. Overall caddisfly species richness patterns relative to degree-day were similar for all 5 years,
with the flight period beginning at ~100 accumulated degree-days, peak species richness occurring
at ~200, and the flight period ending at 350-450 every year (Figure 5). All regression models calcu-
lated using lunar phase as a predictor of specimen abundance, species richness, or number of unique
species had R* values <0.20.

Discussion

It appears, based on adult caddisfly flight periodicity, four distinct seasonal assemblages exist in Fair-
banks Creek. This pattern persisted for all 5 years of the study. Each assemblage was indicated by
particular species.

The spring assemblage occurred during May and into late June, and was indicated by Parapsyche
apicalis (Banks), Goera stylata Ross, Nemotaulis hostilis (Hagen), Hydatophylax argus (Harris), and
Lepidostoma vernale (Banks). All of these species have been shown previously to emerge early in the
season (Singh et al 1984; Williams and Hogg 1988; Dobrin and Giberson 2003; Houghton 2015b).
The precise beginning of this assemblage was not clear due to the cool weather precluding effective
blacklighting early in the season. Moreover, the precise beginning is probably affected by annual dif-
ferences in stream temperatures. Such differences are known to alter the adult flight periods of G.
stylata, P. apicalis, L. vernale, and probably other spring-emerging species (Houghton 2015b).

The summer assemblage lasted from late June until late July. Samples of this assemblage con-
tained the most specimens, the most species, the most unique species, and the most indicator spe-
cies. Most sampling dates within this period contained ~50% of the total species richness for the
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Figure 5. The number of species caught per year based on accumulated degree-days. Markers indicate actual number of species
caught, while binomial fit lines show seasonal trends. Temperature data from Houghton (2015b).

entire year. This result is consistent with previous studies showing peak richness during July in tem-
perate woodland streams (Singh et al. 1984; Dobrin and Giberson 2003; Houghton, Brandin et al.
2011).

The late summer assemblage lasted from late July until early September. It contained the fewest
species, and was only indicated by a single species: Lepidostoma griseum (Banks). In fact, L. griseum
was the only species caught exclusively during late summer. Richness decreased throughout the late
summer interval as summer emergent species disappeared from the assemblage.

The autumn assemblage lasted from early September until late September or early October. It was
indicated by Onocosmoecus unicolor (Banks), Neophylax oligius Ross, and two species of Pycnop-
syche. All of these species are known to emerge in the autumn (Cummins 1964; Moulton and Stew-
art 1996; Houghton 2015b). Pycnopsyche guttifera (Walker) was, by far, the most abundant species
of the autumn, sometimes composing >90% of the sample. Similar to the spring assemblage, a defi-
nite determination of the assemblage ending point was not possible due to cool weather precluding
effective blacklighting. Other common woodland species, such as Frenesia missa (Milne) or Glypho-
syche irrorata (F.), that emerge even later in the season (Houghton 2012), may have been missed.

Indicator species are typically used to designate environments with similar climate, community
composition, or disturbance status (Bakker 2008). Since the capture of this small number of species
indicates a particular ecosystem or set of conditions, it provides a relatively easy method for ecosys-
tem assessment. Although using indicator species to indicate seasonal assemblages is not commonly
done (Carignan and Villard 2002), the principle is similar: confirming a particular seasonal assem-
blage with the capture of its particular indicator species.

Overall, this study confirmed differences among caddisfly assemblages throughout the collecting
season. While it is well known that assemblages change as individual species complete their larval
life cycle and emerge as adults (Dobrin and Giberson 2003; Houghton 2015b), this study demon-
strates how and when such assemblages change throughout the season. Assuming that the patterns
established in Fairbanks Creek are generally representative of streams throughout the northcentral
US, then aquatic entomologists and water quality managers will need to choose a single season
within which to compare assemblages between streams. Inadvertently sampling different seasonal
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assemblages, even by just a couple of weeks, would yield fundamentally different species
assemblages.

Moreover, even if a taxonomic comparison is not the objective of the study, seasonal consistency
will still need to be maintained, since the two studied water quality metrics also changed seasonally.
Differences in tolerance values among assemblages in this study were due to the specific species
emerging at particular times. All of the indicator species of the spring assemblage, particularly Goera
stylata and Parapsyche apicalis, had low (0-2) tolerance values, whereas the abundant species of the
autumn, P. guttifera, had a higher value (4) (Barbour et al. 1999). Differences in the shredder to fil-
tering collector ratio between assemblages were, likewise, strongly influenced by the specific species
found at a particular time. The spring emergent indicator species constituted a mixture of feeding
groups, whereas the abundant shredder P. guttifera dominated the overall autumn assemblage and
increased the overall ratio. Moreover, since specimen abundance was relatively low in the spring
and autumn, any abundant species had a strong influence on the overall result. The summer assem-
blage had higher species richness and specimen abundance to mitigate the effects of a single abun-
dant species.

This study also confirmed the general consistency of assemblages between years. None of
the five tested metrics varied significantly from year to year, despite the dates of this study
encompassing both the warmest and the coldest years so far of the 2000s. Likewise, lunar
phase had no discernable impact on adult flight. These observations suggest that aquatic scien-
tists can compare assemblages and water quality metrics with confidence between years within
the same season.

Despite the overall assemblage similarity between years, researchers should be careful when com-
paring samples from different years due to slight deviations in the timing of seasonal assemblages.
Patterns of species richness did appear affected by warming water temperatures, and peaked at a
consistent accumulated degree-day value (~200) on slightly different dates. This observation sug-
gests that, while assemblage patterns are generally consistent between years, they are also affected by
annual weather differences. Annual weather differences are known to affect the life cycles of many
aquatic insect species; relationship between temperature and development rate is typically linear up
to a species’ thermal optimum (Trudgill et al 2005). Species that emerge in the spring or autumn are
particularly affected by small annual changes in temperature (Huryn and Wallace 2000; Li et al.
2011; Houghton 2015b), so it makes sense that such differences would also affect the collective
assemblage.

While over extrapolation from a single stream site can be risky, the patterns found during the
5 years of this study do suggest some general recommendations. The best time period to sample
adult caddisflies will depend on the overall objective of the study. For example, if exhaustive sam-
pling of Fairbanks Creek was the goal, then sampling would have been necessary during all four sea-
sons in order to collect all species. Sampling only during spring, summer, and autumn would have
collected all but one species. Sampling on a single date during late June to mid-July would have col-
lected >50% of all species caught for the year. If representative sampling of Fairbanks Creek for bio-
logical monitoring was the goal, then this same late June to mid-July time frame would probably be
optimal since its overall high specimen abundance mitigates against particularly abundant species,
and its high species richness likely yields a more representative sample of stream conditions (Cao
and Hawkins 2011). Any time period could be theoretically effective for general comparison pur-
poses between streams as long as researchers were confident that the same seasonal assemblage was
being sampled.

Further research will be necessary to clarify the limits of the observations found in this study. In
particular, lower latitude streams may have different trends in flight patterns due to more consistent
weather in different seasons. Larger rivers will be dominated by different species and trophic func-
tional groups, and will have a different annual thermal profile than Fairbanks Creek. Increasing our
understanding of caddisfly flight periodicity in various types of habitats will greatly improve their
efficacy as aquatic biological monitoring organisms.
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