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ORIGINAL PAPER

Current known range of the Platte River caddisfly,
Ironoquia plattensis, and genetic variability among
populations from three Nebraska Rivers

Lindsay A. Vivian • Michael Cavallaro • Kate Kneeland •

Erica Lindroth • W. Wyatt Hoback • Kerri M. Farnsworth-Hoback •

Robert R. Harms • John E. Foster

Received: 21 August 2012 / Accepted: 3 May 2013

� Springer Science+Business Media Dordrecht 2013

Abstract The Platte River caddisfly (Ironoquia plattensis

Alexander and Whiles 2000) was recently described from a

warm-water slough along the Platte River in central

Nebraska and was considered abundant at the type locality.

Surveys of 48 sites in 1999 and 2004 found eight additional

sites with this species on the Platte River. The caddisfly was

not found at the type locality in 2004 and one additional site

in 2007, presumably because of drought conditions. Because

of its apparent rarity and decline, the Platte River caddisfly is

a Tier I species in Nebraska. For this project, surveys for the

caddisfly were conducted at 113 new and original sites pri-

marily along the Platte, Loup, and Elkhorn Rivers between

2009 and 2011. These surveys identified 30 new sites with

the caddisfly. Larval densities were quantified at a subset of

inhabited sites, and there was a large variation of densities

observed. Seven sites on other Nebraska drainages were

found to support morphologically similar caddisflies, pre-

sumably the Platte River caddisfly. Because of the discovery

of populations outside the Platte River drainage, amplified

fragment length polymorphism (AFLP) was used to deter-

mine the amount of genetic variability and breeding among

sites on the Platte, Loup, and Elkhorn Rivers. Analysis of

molecular variance (AMOVA) suggested moderate gene

flow among the three river systems and that there was more

genetic variation within populations than between popula-

tions. Differentiation, but not total divergence, was exhib-

ited by the northernmost population from the Elkhorn River.

Because it may be considered an indicator species and is

vulnerable to ongoing habitat loss and degradation, all Platte

River caddisfly populations should be conserved.

Keywords Aestivation � Intermittent hydroperiod �
Slough � Trichoptera � AFLP

Introduction

The Platte River caddisfly (I. plattensis Alexander and

Whiles) was formally described in 2000 from an inter-

mittent, warm-water slough in central Nebraska on Mor-

mon Island just south of the City of Grand Island (Fig. 1).

This site is herein referred to as the type locality. This area

is owned and maintained by The Crane Trust (previously

The Platte River Whooping Crane Maintenance Trust) and

has not been topographically altered for agriculture like the

majority of the Platte River Valley (Sidle et al. 1989;

Whiles et al. 1999; Alexander and Whiles 2000). Like

other members of Ironoquia, the Platte River caddisfly

emigrates from the water to aestivate in the surrounding

terrestrial environment for about four months during the

summer (Flint 1958; Williams and Williams 1975; Wig-

gins 1977; Alexander and Whiles 2000). This dormant

stage likely represents an adaptation to withstand summer

dry periods in intermittent wetlands (Williams 1996).

During a life history study in 1997–1998, the Platte

River caddisfly was found to be abundant at the type

locality and represented 57 % of aquatic insect emergence
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production from the slough (Whiles and Goldowitz 2001).

In 1997–1998, Whiles et al. (1999) reported that an average

of 805 ± 194 (±1 SD) larvae/m2 was present in the aquatic

environment, while 219 larvae/m2 were estimated to emi-

grate from the slough; thereby representing an important

transfer of biomass from the aquatic to terrestrial

environment.

Shortly after it was described, additional surveys for the

Platte River caddisfly were conducted in areas with

potentially suitable habitat in 1999 and 2004 (Goldowitz

2004). An intensive survey of 48 locations identified eight

additional sites with the caddisfly on the Platte River along

a 100 km stretch between Gibbon and Central City,

Nebraska. Of the 48 surveys, 10 occurred on the Loup

River, and these surveys were negative (Goldowitz 2004).

Monitoring efforts in 2004 and 2007 did not detect the

Platte River caddisfly at two of the nine sites identified by

Goldowitz, including the type locality, despite 7 years of

consistent emergence patterns there and presumably

because of persistent drought conditions (Goldowitz 2004;

Riens and Hoback 2008). Because of its apparent limited

distribution and propensity towards local extinctions, the

Platte River caddisfly is listed as a Tier 1 species (those at

risk of extinction across their range) in Nebraska

(Schneider et al. 2005). The species was also considered

for federal protection under the Endangered Species Act in

2012 [U.S. Fish and Wildlife Service (USFWS) 2012].

While conducting surveys in 2009, we identified sites

that supported populations of morphologically similar

caddisflies on the Loup and Elkhorn Rivers. Sites with the

caddisfly on all three drainages appeared similar in hy-

droperiod and vegetation composition. Meanwhile, it has

been noted that morphologically comparable populations

that are reproductively isolated can represent cryptic spe-

cies (Martin and Bermingham 2000; Parsons and Shaw

2001). Therefore, we wanted to investigate whether or not

the caddisflies from the Loup and Elkhorn Rivers were a

different, undescribed species or subspecies of Ironoquia.

Fig. 1 Map depicts 2009–2011 survey efforts conducted in search of sites with the Platte River caddisfly, I. plattensis, along the Platte, Loup,

and Elkhorn River in Nebraska
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There are sites between the Platte, Loup, and Elkhorn

Rivers that are a minimum of 50 km apart, and the absence

of suitable habitat between isolated sites could potentially

represent a barrier to dispersal and subsequent breeding for

species with poor dispersal abilities (Myers et al. 2001;

Blakely et al. 2006). The absence of suitable habitat

between river systems is likely a product of geographic

isolation; whereas within the Platte drainage, isolation is

likely more a product of habitat degradation (Vivian pers.

obs.). Based on our observations, the Platte River caddisfly

appears to be a weak flier, and genetic techniques can

provide insight into a species’ dispersal ability in the

absence of directly observing significant dispersal events

(Clobert et al. 2001; Kelly et al. 2002; Blakely et al. 2006).

Amplified fragment length polymorphism (AFLP) has been

used to determine the amount of gene flow within a species

(Kelly et al. 2002; Clark et al. 2007; Kneeland 2011).

Therefore, it is appropriate that AFLP be used to test the

hypothesis that there is breeding among extant Platte River

caddisfly populations. The objectives of this project were

to: (1) conduct additional surveys for the Platte River

caddisfly in Nebraska, (2) quantify aquatic larval densities

at a subset of sites to establish a baseline dataset, (3)

determine the amount of genetic variability among popu-

lations tested and their degree of relatedness, and (4)

determine if there is gene flow among the three river

systems.

Methods

Study area

Surveys for the Platte River caddisfly were conducted

along the Platte, Loup, and Elkhorn River drainages in

Nebraska (Fig. 1). The Platte River is formed at the con-

fluence of the South Platte and North Platte Rivers east of

the City of North Platte, Nebraska. Platte River water

levels are tied to snowmelt from Colorado and Wyoming

and local precipitation events (Eschner et al. 1981). The

Loup and Elkhorn Rivers are tributaries of the Platte,

thereby comprising part of the Platte Basin; they drain

portions of the Nebraska Sandhills, and their flows are

more dependent on input from the Ogallala Aquifer than

precipitation events (Peterson et al. 2008). Elevations range

from 980 m above sea level at the western sites of the study

area to 580 m above sea level at the eastern locations.

Each river surveyed for the Platte River caddisfly con-

tained adjacent side channels (sloughs) from past mean-

derings that either had a direct surface connection to the

main river channel or were separated from the main

channel by natural berms. These sloughs had little or no

flow and a presence of organic sediment that had

accumulated as a result of being cut off from the flow of

the main channel. For this study, sloughs were character-

ized as lentic bodies of water with stands of emergent

vegetation and typical wetland flora, including cattails

(Typha spp.), willows (Salix spp.), and duckweed (Lemna

spp.). These sloughs are subject to fluctuations in the

groundwater table and surface water inputs (Wesche et al.

1994) and typically have an intermittent hydroperiod

(Whiles et al. 1999), holding water about 75–90 % of the

time (Goldowitz 2004).

Identification of new populations

Google Earth� (Google, Inc., Mountain View, CA) satellite

imagery was used to locate potential Platte River caddisfly

habitat. Potential habitat was considered to be any side

channel or linear depression near the main river channel

with signs of emergent aquatic vegetation and presence of

water. After identification of potential habitat, we obtained

landowner information to gain access to private land.

Surveys were also conducted at wildlife management areas

(WMAs) managed by the Nebraska Game and Parks

Commission, rights-of-way along roadsides, and land

owned by non-governmental organizations (NGOs)

including: the Nebraska Public Power District (NPPD),

Central Nebraska Public Power and Irrigation District

(CNPPID), Headwaters Corporation, The Nature Conser-

vancy (TNC), and The Crane Trust.

Terrestrial sampling—For the purposes of this study, a

site was defined as a slough that was potentially suitable to

the Platte River caddisfly with at least 100 m of terrestrial

habitat between it and another such area. Searches for

terrestrial larvae were conducted for 30 min, and if no

Platte River caddisfly larvae were found, the site was

considered to be unoccupied. Cases with larvae were dis-

tinguished from old, discarded cases by the presence of the

head capsule, visible at the open end of the larval case.

Between 2009 and 2011, 93 sites along the Platte River

(including the North Platte River), 13 sites on the Loup

River (including the Middle Loup and North Loup Rivers),

five sites along the Elkhorn River (including the South

Fork of the Elkhorn), one site along the Cedar River, and

one site along Wallace Creek were sampled for the Platte

River caddisfly (Fig. 1). These numbers do not include the

site described in Geluso et al. (2011). A Garmin� (Olathe,

KS) GPSMAP� 60CSx was used to record the coordinates

of each location sampled.

Aquatic sampling—Aquatic sampling was conducted in

mid-May 2009 and mid-May 2010 at five of the nine ori-

ginal sites identified by Goldowitz and 12 new sites to

quantify larval densities. In 2010, five sites were sampled

twice in an attempt to capture caddisfly emigration from

the slough. In each slough and for each sampling effort,
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four 1 m passes within the top three cm of substrate were

made using a 30 cm, D-frame net, and then corrected by a

factor of 3.33 to obtain number of larvae/m2. Four passes

were made at all sloughs sampled except at Site ‘‘I’’ in

2009. On the Loup and Elkhorn Rivers, only presence/

absence data were collected.

AFLP analysis

Caddisfly larvae were collected from three sites on the

Platte River and one site each on the Loup and Elkhorn

Rivers using a metal sieve (25 cm diameter) (Fig. 2).

Adults were also collected from these sites using a standard

sweep net and a 75-watt mercury vapor light trap (Fig. 2).

Twenty individuals from each site were preserved for

genetic analysis by placing them directly into 95 % ethanol

following collection. Samples were stored at -80 �C upon

reaching the laboratory. Thirty stable flies, Stomoxys cal-

citrans (Diptera: Muscidae), were used as the out-group. S.

calcitrans is an appropriate outgroup, because it is another

insect species and completely unrelated to the caddisfly.

DNA extraction—All samples were washed in 70 %

ethanol and rinsed with nanopure� (Thermo Scientific,

Waltham, MA) water prior to DNA extraction. DNA was

extracted from the thorax of each individual following a

modified cetyl trimethylammonium bromide (CTAB)

method (Doyle and Doyle 1987). Extracted DNA samples

were suspended in 19 TE (10 mM Tris–HCL; 0.1 mM

EDTA) buffer, and a NanoDrop� spectrophotometer

(Nanodrop 2000, Thermo Scientific, Wilmington, DE) was

used to determine the quality and quantity of the DNA,

after which samples were stored at -20 �C. Prior to

initiating the AFLP procedure, DNA was diluted to

20–100 ng/ll.

Amplified fragment length polymorphism—For the

AFLP procedure, we followed a protocol modified from

Vos et al. (1995) and optimized by Kneeland (2011). DNA

was cleaved using common (EcoRI) and rare (MseI) site

restriction enzymes. Oligonucleotide adapters were ligated

onto the sticky ends of the restriction fragments, and the

resulting fragments were amplified non-selectively using

primers that matched the sequences of the adapters. The

DNA was selectively amplified using primers with a three

base-pair (bp) extension sequence in addition to the adapter

sequence (Table 1). The resulting AFLP product was run

on a 6.5 % polyacrylamide gel and visualized on a Gene-

ReadIR infrared laser scanner (LI-COR Biosciences, Lin-

coln, NE).

Data scoring and analysis—Gels were calibrated using

an IRD-700 labeled 50–700 bp sizing standard and scored

using the software program SAGA MX 3.2 (LI-COR

Biosciences, Lincoln, NE). The data were converted to a

Boolean vector for further analysis, with a ‘‘1’’ indicating

band presence and a ‘‘0’’ indicating absence. A bootstrap-

ping analysis was conducted to obtain the coefficient of

variation for all data using ‘‘Bootsie’’, which is based on an

established algorithm (Tivang et al. 1994) and is publicly

available.

Popgene 1.32 (Yeh and Boyle 1997) was used to assess

genetic diversity at the population level with assumed

Hardy–Weinberg equilibrium. The percentage of poly-

morphic loci and Nei’s gene diversity were calculated for

each location. Popgene was also used to estimate GST,

which measures the amount of genetic variation within

Loup 1

Platte 2

Platte 3

Platte 1

Elkhorn 1

Fig. 2 Map of sampling

locations of populations

represented in the study
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populations and within the total population among loca-

tions sampled (Nei 1973).

Arlequin v. 3.5 (Excoffier et al. 2005) was used to

conduct the analysis of molecular variance (AMOVA) and

to calculate FST, where F = the inbreeding coefficient,

S = subpopulations, and T = the total population (Wright

1950). The AMOVA tested for genetic structure between

and within populations. Significance was tested by running

1,023 permutations of the data.

Results

Identification of new populations

Terrestrial sampling

Along the Platte River, 23 new sites that supported the

Platte River caddisfly were identified out of 93 sites sam-

pled, and at least five sites documented by Goldowitz

(2004) (not all were sampled) still support a caddisfly

population (Fig. 2). During surveys, 12 sites were identi-

fied that contained caddisfly cases only and no live indi-

viduals, and 54 sites were unoccupied (Fig. 2). Out of 18

sites surveyed on the Loup and Elkhorn Rivers, seven sites

with a caddisfly population were identified, two sites con-

tained cases only, and ten sites contained neither cases nor

caddisflies (Fig. 2). No terrestrial larvae were observed at

one historic site near Shelton, Nebraska, and the caddisfly

is presumed to be extirpated from this location (Fig. 1).

One site with cases only was found along the Cedar River,

and no caddisflies were found at Wallace Creek.

Aquatic sampling

During 2009 and 2010 aquatic sampling, the highest mean

larval density observed was 125.7 ± 95.47/m2 at Site ‘‘N’’.

Eleven of the 17 sites on the Platte River sampled were

found to have densities of less than 10 individuals/m2

(Table 2).

Genetic analysis

Site restriction enzymes produced 218 informative mark-

ers. The AMOVA results showed most of the variation to

be within populations (62.15 %) (Table 3). A bootstrap

analysis of the data demonstrated that the AFLP analysis

accounted for over 95 % of the genetic variation within

each population. Statistical analysis of the data revealed

moderately high gene flow (Nm = 1.2728) among the

caddisfly populations (Larson et al.1984) as an Nm value

Table 1 Primers and adapters used in selective amplification

Oligonucleotide Purpose Sequence (50–30)

EcoRI-forward adapter Adapter ligation CTCGTAGACTGCGTACC

EcoRI-reverse adapter Adapter ligation AATTGGTACGCAGTCTAC

MseI-forward adapter Adapter ligation GACGATGAGTCCTGAG

MseI-reverse adapter Adapter ligation TACTCAGGACTCAT

EcoRI primer Pre-amplification GACTGCGTACCAATTC

MseI primer Pre-amplification GATGAGTCCTGAGTAA

M-CTG Selective amplification GACTGCGTACCAATTC?CTG*

M-CAC Selective amplification GATGAGTCCTGAGTAA?CAC*

E-ACT Selective amplification GACTGCGTACCAATTC?ACT*

Primers with three basepair extension sequence in addition to the adapter sequence are indicated with (*)

Table 2 Mean number (±1 S.E.) of Platte River caddisfly larvae

collected through aquatic sampling along the Platte River

Site Larvae/m2 2009 Larvae/m2 2010 Larvae/m2 2010–2012

A 0.83 ± 0.83 0.83 ± 0.83 –

B – 1.7 ± 1.67 –

C 1.7 ± 0.96 0 ± 0 –

D – 1.7 ± 0.97 –

E 54.0 ± 14.14 45.8 ± 8.95 98.2 ± 43.53

F – 0.83 ± 0.83 –

G* – 0 ± 0 –

H – 5.8 ± 2.91 –

I 23.2 ± 4.98 29.1 ± 10.65 15.0 ± 2.15

J – 12.5 ± 4.78 –

K 4.2 ± 3.15 75.8 ± 47.55 43.3 ± 22.21

L – 7.5 ± 6.43 0 ± 0

M – 1.7 ± 0.96 –

N – 125.7 ± 95.47 –

O – 30.8 ± 22.02 –

P* – 0 ± 0 –

Q – 10.0 ± 5.61 0.83 ± 0.83

Sites with one asterisk (*) denote sites where live individuals have

been observed, but where no larvae were detected during aquatic

sampling
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[1.0 infers high gene flow (Clark et al. 2007). Nm is the

unit assigned to denote the amount of gene flow between

populations and is derived from the result of the sampled

population number (N) and rate of migration among those

populations (m) (Larson et al. 1984; McDermott and

McDonald 1993; Clark et al. 2007). This can be estimated

from FST [FST * 1/(4 9 Nm ? 1)] (Allendorf and Luikart

2007).

FST was 0.37854 and GST was 0.2820, and both values

are considered low (\0.5) (Clark et al. 2007). These values

indicate that the majority of the genetic variation is within

populations rather than between populations (Clark et al.

2007).

A dendrogram was created to display genetic distances

among the populations tested using the UPGMA method

modified from the Neighbor-joining method (Fig. 3)

(Sneath and Sokal 1973; Clark et al. 2007). Genetic

distance measures the amount of gene substitutions per

locus and is an indication of differentiation (Nei 1972). The

dendrogram results indicate that the ‘‘Elkhorn 1’’ popula-

tion is the most differentiated and is of the earliest origin

among all populations tested. ‘‘Elkhorn1’’ shared 89–92 %

of common bases, whereas the remaining caddisfly popu-

lations sampled shared 91–96 % (Table 4).

Discussion

With the identification of 23 new caddisfly populations on

the Platte River between 2009 and 2011, the known range

of the Platte River caddisfly is now approximately five

times larger east to west than the range previously reported

for the species (Goldowitz 2004). Surveys also identified

seven Platte River caddisfly populations on the Loup and

Table 3 Two-level AMOVA fixation indices and results

Source of variation D. F. Sum of squares Variance components Percentage of variation

Among groups 2 570.073 5.03503 Va 17.83

Among populations within groups 2 252.201 5.6567 Vb 20.03

Within populations 92 1,614.871 17.55294 Vc 62.15

Total 96 2,437.144 28.24468

Fixation indices Vc and Fst 0.37854 P value 0.057 ± 0.0070

Significance tests were accomplished with 1,023 permutations

Platte 3

Platte 1

Platte 2

Loup 1

Elkhorn 1

Stable Fly Out Group

Fig. 3 UPGMA dendrogram

(Nei 1972) with genetic

distances of Platte River

caddisfly (I. plattensis)

populations and outgroup

Table 4 Genetic identity (above diagonal) and genetic distance (below diagonal) (Nei 1978; Kelly et al. 2002) of Platte River caddisfly

populations and stable fly outgroup

Population name Platte 3 Elkhorn 1 Platte 1 Platte 2 Loup 1 Stable fly outgroup

Platte 3 – 0.9152 0.9347 0.9273 0.9118 0.7301

Elkhorn 1 0.0886 – 0.9263 0.9138 0.897 0.6796

Platte 1 0.0675 0.0766 – 0.9663 0.9528 0.6863

Platte 2 0.0755 0.0902 0.0343 – 0.9583 0.6863

Loup 1 0.0923 0.1087 0.0483 0.0426 – 0.7068

Stable fly outgroup 0.3146 0.3863 0.3835 0.3765 0.3471 –
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Elkhorn River systems in Nebraska, which expands the

known range of the species north to south.

Although the identification of new caddisfly populations

has led to an increase in the known range of this species,

the distribution of the Platte River caddisfly is disjunct.

Currently, a 155 km gap in sites with the Platte River

caddisfly occurs between Elm Creek, Nebraska and Her-

shey, Nebraska (near North Platte) along the Platte River.

Within this gap, 24 surveys for the caddisfly were con-

ducted, but only two sites were found with cases only, and

no live individuals were observed. The absence of the

caddisfly within this area of the Platte River could be a

result of habitat loss and/or degradation. Low numbers of

the caddisfly may also remain undetected by our sampling

methodology or be impacted by the time of year that the

surveys were conducted.

Within the 155 km gap, several canals divert water for

irrigation, and this water diversion has resulted in the loss

of several wetlands along the Platte River (Currier et al.

1985; Sidle et al. 1989). Six mainstem dams along the

Platte River upstream of the gap have also resulted in

wetland losses along the river corridor (Currier et al. 1985;

Sidle et al. 1989). During this study, several depressions at

Dogwood WMA were observed, and these areas were dry

but showed signs of previous beaver, Castor canadensis,

activity, indicating that changes in water levels had

occurred. Meanwhile, the Platte River in this area is incised

because of a diversion return, and this may have resulted in

the loss of sloughs as channel incision is known to lead to

adjacent wetland deterioration and losses (Fischenich and

Morrow 2000).

The methodology used to detect new Platte River cad-

disfly populations in 2009–2011 was to search the ground

surface for aestivating larvae. However, in May 2010,

aestivating larvae were observed buried in the ground

about five to ten cm below the ground surface. This was

previously an undocumented behavior in Trichoptera and

was first observed at Wild Rose Slough on property owned

by The Crane Trust (Geluso et al. 2011). This behavior

may be a means to avoid desiccation (Wiggins et al. 1980).

This behavior has subsequently been observed at two

additional locations. The burial behavior was largely dis-

covered, in part, because no aestivating larvae were

observed aboveground in 2010 at the Wild Rose Slough

(Geluso et al. 2011), which may be result of a lack of

shading at this slough, and soil temperatures around this

slough can reach 54 �C (130 �F) in the summer (Vivian

pers. obs. 2010). At forested sites, larvae are more readily

observed aboveground.

Following the discovery of the burial behavior, we used

a shovel at seven sites in 2010 in a non-standard fashion to

augment our terrestrial sampling effort. However, the

number of larvae observed using a shovel was not counted,

as these data were not a part of our standard sampling. Two

sites with cases only were found using a shovel, but no sites

were identified with an extant population only through

digging. Future terrestrial surveys should include the use of

a shovel, although occupied sites to date have always had

larvae and pupae above ground.

Aquatic sampling

Aquatic sampling in 2009 and 2010 was used as a means

to document Platte River caddisfly larval densities. These

data could be used for subsequent sampling efforts in the

future to capture population trends for the species. Geluso

et al. (2011) and Whiles et al. (1999) also report on

methods to quantify Platte River caddisfly larval densities.

Our data are not directly comparable to these reported

values, because Geluso et al. (2011) sampled earlier in

May than this study, and Whiles et al. (1999) sampled a

different volume of sediment (Meyer et al. 2011) and at

different time periods.

From this study, a large range in larval densities among

sites on the Platte River was observed, demonstrating that

the Platte River caddisfly is more abundant in some loca-

tions than others. For instance, from this study, Sites ‘‘E’’

and ‘‘N’’ were found to support the largest caddisfly pop-

ulations. Geluso et al. (2011) and Whiles et al. (1999)

reported larval densities more than 70 % greater than what

was observed at Site ‘‘N’’, while eight other sites sampled

as a part of this study, were found to have densities of less

than two individuals/m2. A related species, I. punctatiss-

ima, has been observed with similar population character-

istics (Gray and Johnson 1988).

The gradient of larval densities observed may be

explained by macro and microhabitat differences, such as

variations in hydroperiod, vegetation types, substrate, etc.

Both sites sampled by Geluso et al. (2011) and Whiles et al.

(1999) support wet meadow habitat surrounded by grass-

land vegetation, whereas most other sites sampled support

woody vegetation. Both Crane Trust sites also have similar,

intermittent hydroperiods, and permanent waters may limit

caddisfly population levels at some locations. For instance,

sites with water depth greater than one meter and with

permanent hydroperiods had fewer larvae, such as at Site

‘‘L’’. Permanent waters may be more favorable to fish and

amphibians that can prey on caddisfly larvae (Wissinger

et al. 2003; Whiles and Goldowitz 2005; Tarr and Babbit

2007; Vivian and Cavallaro pers. obs. 2011).

Sites with relatively low larval densities could indicate

that some populations may be recovering from a previous

decline in numbers or that some sites with the caddisfly

represent marginal habitat. For instance, the caddisfly was

not detected at the type locality in 2004 (Goldowitz 2004)

and was not observed at the site again until 2010 (Geluso
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et al. 2011). This was likely a result of persistent drought

conditions in the 2000s (Goldowitz 2004; Riens and Ho-

back 2008). Despite surveys in 2009 and 2010, the cad-

disfly has not been observed at the site near Shelton since

2007.

One factor affecting habitat quality and larval densities

could be the lack of emergent vegetation at some sites,

which would reduce the amount of autochthonous material

in the slough. In other wetlands and streams, shredders, like

the caddisfly, are generally absent from areas without

sufficient autochthonous or allochthonous material (Van-

note et al. 1980). Our observations suggest that the amount

of organic matter is important in determining the number of

larvae at a site (USFWS 2011).

Differences in substrate may also affect habitat quality.

Studies have shown that substrate type can be an important

factor in influencing macroinvertebrate assemblages

(Downes et al. 2000; Evans and Norris 1997; Braccia and

Voshell 2006). The Platte River caddisfly appears to have

an association with coarse substrate material. A targeted

survey effort at Site ‘‘L’’ found that the caddisfly occurred

at greater densities in areas with sand and coarse substrate

material that had accumulated behind interspersed beaver

dams as opposed to the silt deposits encountered through-

out most of the slough (Cavallaro pers. obs. 2011). Similar

observations have been recorded at two other sites (Vivian

pers. obs. 2009).

One other concern regarding surveys was the discovery

of 12 sites with only cases and no larvae or adults. Labo-

ratory data suggest that Platte River caddisfly cases

degrade slowly as has been observed with other species

(McCabe and Gotelli 2003), and we recommend that cases

not be used to established caddisfly presence (Vivian

2010). Sites with only cases may represent recent extir-

pation events or populations with very low larval densities.

Genetic analysis

Using AFLP enables comparisons for assessing genetic

diversity among closely related species and populations

(Mueller and Wolfenbarger 1999; Kelly et al. 2002). Our

surveys demonstrate that the Platte River caddisfly is not

limited to the Platte River as was previously thought.

However, some populations are isolated from one another

by distances of up to 50 km or more. This isolation may

either be a product of geographic isolation, such as what

exists between river drainages, or habitat degradation and

loss, such as what has occurred along the western reaches

of the Platte River in Nebraska. Gene flow among caddisfly

populations appears to be relatively high. However, even

species with larger Nm values may contain populations that

are completely isolated from the remaining populations

(Larson et al. 1984). This seems to be the case with the

Elkhorn 1 site, which was the most divergent from the

other populations tested and is the site that is the most

distant from the others sampled. The four remaining pop-

ulations were more closely related, indicating that any

isolation along the Platte River is relatively recent, whereas

the Elkhorn site has likely been separated from the other

populations for a longer time period.

Here we also report a low FST value and low GST value

for the populations tested and that most of the genetic

variation is within populations (Kelly et al. 2002; Clark

et al. 2007; Krumm et al. 2008). The FST value we report

here is similar to what has been observed in Wormaldia

tagananana, which is endemic to the Canary Islands and

has a low dispersal ability, and similar to other values

observed in caddisflies with wide distributions (Kelly et al.

2002). This indicates that there is still substantial genetic

variation within the Platte River caddisfly populations

tested (Kelly et al. 2002).

According to Williams (1996), aquatic insects that occur

in temporary freshwaters most likely disperse as adults as

opposed to larval drift. It has also been reported that Li-

mnephildae are strong fliers (Svensson 1974; Kelly et al.

2002) with body size and wing length corresponding to

dispersal ability (Kovats et al. 1996). Platte River caddisfly

adults are small compared to many other Nearctic limne-

philid species (Alexander and Whiles 2000). Based on

observations of Platte River caddisfly adults, this species

appears to be a poor flier. Platte River caddisfly adults are

also active for a short time period of about 3 weeks

(Whiles et al. 1999), and this could limit its dispersal

ability compared to other caddisflies with longer adult

lifespans (Svensson 1972). Despite these observations, the

caddisfly occupies more than one river drainage, and

interpopulation breeding is occurring. However, poor flight

capabilities could limit the ability of the caddisfly to re-

colonize suitable habitat following disturbance events—

such as may be the case with the extirpated site near

Shelton—especially when coupled with ongoing and future

habitat loss and degradation. This could leave remaining

populations vulnerable to extirpation as a result of sto-

chastic events.

Conclusion

Reynolds (2003) identifies vulnerable populations as those

with either a small/declining range size or low/declining

abundances. Our results demonstrate that the Platte River

caddisfly has a larger range than was initially known for the

species, although this is likely the result of increased

sampling rather than range expansion. Further monitoring

of its distribution will be necessary to determine whether

changes in range size are occurring. Monitoring changes to

J Insect Conserv

123



its habitat will also be important in the conservation of this

species.

The Platte River caddisfly could be considered an

important indicator of a healthy watershed. For instance,

the caddisfly is absent from the most degraded, incised, and

dewatered stretch of the Platte River. Meanwhile, Platte

River channel degradation is ongoing, and the trend is

moving eastward (Murphy et al. 2004). Unless this trend is

slowed, such as through ongoing conservation and man-

agement efforts, additional Platte River caddisfly popula-

tions may become extirpated in the future resulting in the

isolation of remaining populations. While the Loup and

Elkhorn River systems are less developed, these drainages

are also vulnerable to ongoing and future habitat modifi-

cation because of increasing grain prices and water usage.

Other efforts to conserve caddisfly populations and

manage its habitat could be informed by future habitat

studies. For instance, Colburn and Garretson Clapp (2006)

completed a habitat model for Phanocelia canadensis, a

bog-dwelling caddisfly, by measuring several water quality

parameters and performing a principal components analy-

sis (PCA). It was found that low pH, presence of nutrients,

and surface area best predicted the occurrence of P.

canadensis (Colburn and Garretson Clapp 2006). Con-

ducting a PCA with habitat data collected from several

sites with and without the Platte River caddisfly could lead

to a better understanding of why the caddisfly occurs in

greater densities at some sites than others. The differenti-

ation between the Elkhorn population and the other cad-

disfly populations suggests that the conservation of all

populations is important to preserve genetic variation in the

species. Further genetic analyses of additional sites could

help identify whether or not the caddisfly is vulnerable to

habitat fragmentation and isolation of sites (Tscharntke

et al. 2002).

The Platte River caddisfly may have experienced his-

toric declines across its range, and human alterations that

affect wetlands, such as diversion projects or impound-

ments, could continue to adversely impact the species.

Efforts to restore or improve flows in the Platte River, as is

being done under the Platte River Recovery and Imple-

mentation Program, could benefit the caddisfly; however,

care should be taken to not create permanent waters that

would allow colonization by fish, which may act as pre-

dators on the caddisfly (Vivian 2010).
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