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Abstract. Springsnails are numerically dominant members of benthic communities in many springs of western
North America and Australia. Several studies have shown the influence of water chemistry on their abundance and
distribution  within  springs,  but  little  information  exists  regarding  their  use  of  physical  aspects  of  spring
environments. Habitat preferences, niche breadth and overlap, and environmental factors influencing the structure
of an assemblage of native springsnails {Pyrgulopsis avemalis, P. carinifera, and Tryonia clathrata) and the non-
native red-rimmed melania (Melanoides turberculata) gastropod are described in a southern Nevada, USA, thermal
spring province. Water temperature, current velocity, and substrate type were the most important physical factors
structuring the assemblage. Springbrook wetted width, presence of armored and incised banks, and location of
sample sites across the wetted width were also statistically significant, but less important factors. Each species
occupied a wide diversity of habitats, but each species also exhibited habitat preferences for a range of depths,
velocities, temperatures, or substrates. Niche overlap varied among species and habitats were partitioned among
species for a minimum of two environmental resources. Competitive interactions appeared to minimally influence the
structure and distributions of species belonging to this assemblage.

Findings suggest that springsnails are restricted to portions of a spring that provide suitable physicochemical
conditions, and that each springsnail taxon may exhibit specific habitat requirements. Springsnail extinctions and
declines in abundance in western North America and Australia can be attributed to human activities altering the
discharge and water depth, substrate composition, current velocity, and water temperature of springs. Novel
approaches are required to alter human uses and facilitate restoration, and protect the integrity of these unique arid
land aquatic systems.
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INTRODUCTION

The Hydrobiidae is  a worldwide family of  primarily
freshwater gill-breathing gastropods. Recent taxonom-
ic studies have found an amazing diversity of hydro-
biids (commonly referred to as springsnails) in isolated,
arid  land  springs  of  North  America  and  Australia.
More than 120 species in seven genera are known from
more than 1000 springs in the western U.S., and 35
species in nine genera from Australia (Ponder et al.,
1989;  Hershler,  1994,  1998,  2001).  Springsnails  are
restricted  to  persistent  aquatic  habitats  that  are
minimally affected by drought (Taylor, 1985) and most
species occupy few localized habitats within a limited
geographic area (Hershler, 1998). They are usually the
most abundant benthic macroinvertebrate in springs
where they occur, and springs occupied by more than
one springsnail species are uncommon.

In  spite  of  their  taxonomic  diversity  and  their
abundance in springs, few ecological studies have been
conducted.  Information  is  limited  to  demographic

studies  showing  the  influence  of  temperature  on
Pyrgulopsis bruneauensis demography and feeding in
springs  along  the  Snake  River  of  southern  Idaho
(Mladenka  and  Minshall,  2001),  and  relationships
between C0 2 concentrations and P. montezumensis
abundance in northern Arizona (O'Brien and Blinn,
1999). Richards et al. (2001) examined spatial relation-
ships  in  an  assemblage  of  three  snails  including
Taylor concha serpenticola and Ponder et al. (1989)
examined the influence of several environmental factors
on  activity  and  survivorship  of  several  species  in
mound springs of Australia. These species responded
to  desiccation,  salinity,  deoxygenated water,  water
temperature, and submersion but the authors were
unable to quantify relationships between habitat zones
and springsnail abundance. Qualitative observations
during taxonomic and biogeographic surveys suggested
that abundance within a spring is influenced by water
depth, current velocity, substrate composition, and
aquatic  vegetation  (e.g.,  Hershler  and  Sada,  1987;
Hershler, 1998). These observations indicate that each
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species occupies a unique habitat within a spring, but
they have not been supported by quantitative studies
examining relationships between spring environment,
microhabitat use, and assemblage structure. Ecological
information is needed to provide insight into isolating
mechanisms that have facilitated development of this
diverse fauna in small, isolated habitats. This informa-
tion is also important in determining how springsnails
respond to human activities that alter springs. These
small wetlands support much of the aquatic life in arid
lands  and  most  springs  have  been  degraded  by
livestock,  diversion,  and introduction of non-native
species (Sada et al., 1992; Shepherd, 1993; Hubbs, 1995;
Myers and Resh, 1999; Sada and Vinyard, 2002; Sada
et  al.,  2005).  These  activities  have  justified  listing
several springsnail species as endangered in the western
U.S.,  and  Hershler  (1998)  and  Sada  (field  notes)
recorded  three  extinctions  and  extirpation  of  13
populations in the past decade.

In this study, an assemblage of four species (three
springsnails and one non-native mollusk) was exam-
ined in a thermal spring province to: 1 — determine
physical factors (in addition to temperature) affecting
assemblage structure, 2 — quantify microhabitat use,
and 3 — determine if habitat use differs among species.
The  spring  province  includes  approximately  30
springs that discharge a total of 1.3 mVsec. Discharge
and temperature at individual springs ranges from 10-
200 1/min, and 24.5-31.8°C, respectively. This assem-
blage included Pyrgulopsis avernalis and P. carinifea
that  are  endemic  to  this  province,  and  Tryonia
clathrata that is endemic to thermal springs along the
pluvial White River system in eastern Nevada (Hersh-
ler, 1994, 2001). All of these species are small. The shell
height of P. avernalis ranges from 2.4 mm to 4.3 mm,
for P. carinifera from 3.8 mm to 5.0 mm, and for T.
clathrata from 2.9 mm to 7.0 mm. The red-rimmed
melania (Melanoides tuberculata, family Thiaridae),
which is native to Asia (Burch and Tottenham, 1980),
also  inhabits  these  springs.  Shell  height  of  adult
melania is from 1 cm to 3 cm. Quantitative studies
have not assessed the influence of  this  species on
springsnails.  Hershler  and  Sada  (1987)  noted  that
springsnail abundance may be decreased in its pres-
ence, and Pointier et al. (1993) and De Marco (1999)
found that it detrimentally affected native gastropod
abundance.

This work was one component of studies examining
the benthic macroinvertebrate communities in this
spring  province,  which  will  be  the  subject  of  a
subsequent article.

SITE  DESCRIPTION

Studies were conducted in a spring province (collec-
tively referred to as 'Warm Springs') that forms the

Muddy River in Clark County, Nevada (Figure 1). The
Muddy  River  flows  approximately  35  km  into  the
Colorado River (which is now within the Overton Arm
of Lake Mead). The springs creating the Muddy River
are  located  at  approximately  500  m  elevation  and
scattered over approximately 2,000 hectares. Water
flows  through  approximately  4  km  of  springbrook
before forming the Muddy River. Water temperature at
spring sources is approximately 32°C, and combined
discharge from the province is a relatively constant
1.5 m 3 /sec (Eakin, 1964). Discharge from individual
springs ranges from approximately 0.0028 to 0.17 m 3 /
sec and spring brooks are bordered by ash (Fraxinus
velutina), mesquite (Prosopis sp.), non-native salt cedar
(Tamarisk sp.), and fan palm (Washingtonia filifera).
These woody species are interspersed with grasses
(mostly Distichlis spicata) and perennial herbs. Spring-
brooks  support  diverse  aquatic  habitats  from  low
gradient brooks that meander over fine substrates to
higher gradient brooks where swift water flows over
gravel and cobble substrates. General characteristics of
spring brooks that were sampled during this study are
summarized in Tables 1 and 2. In addition to mollusks,
these springs support a number of rare fishes and other
aquatic macroinvertebrates, many of which are endem-
ic  to  Warm  Springs  (U.S.  Fish  and  Wildlife  Service,
1996, Hershler, 1994, 2001; Schmude, 1999; Polhemus
and Polhemus, 2002; Sada and Vinyard, 2002).

Native  Americans  had  settlements  near  Warm
Springs, and in the early 19th Century it was settled
by  white  men.  Its  springs  have  been  altered  for
recreation and diversion, channelization, and siltation
from agriculture, and non-native fishes and aquatic
invertebrates  have  been  introduced  (Scoppettone,
1993). These alterations reduced native fish abundance
and  resulted  in  listing  the  Moapa  dace  (Moapa
coriacea) as endangered by the U.S. Fish and Wildlife
Service (U.S. Fish and Wildlife Service, 1996). Since the
early  1980s,  Moapa  dace  recovery  programs  have
restored six springs and approximately 600 m of spring
brook (approximately 15 percent) to natural condition.

METHODS

Data  Collection

Aquatic habitat parameters (Tables 1 and 2) and
mollusks were sampled in 84, 10 cm X 12 cm quadrats
at 21 stations located at predetermined distances from
five spring sources (two with long and three with short
spring brooks) (Table 3) during the autumn of 1996.
Sample stations included the diversity of habitats in
first-order spring brooks, and were placed near springs
sources and along the downstream continuum to the
confluence of the nearest tributary spring brook. The
distance of stations from spring sources varied because
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Figure 1. Map showing the approximate location of sample sites (*) and major springs in the 'Warm Springs' province that
combine to form the Muddy River, Clark County, Nevada.

some reaches were not easily accessed, some spring
brooks were less than 50 m long, and longer intervals
occurred in large springs with long spring brooks. Each
station consisted of four transects spanning the wetted

Table 1

Median and range of aquatic habitat parameters
measured (units shown in parentheses) within quadrats

and at 21 stations where mollusks were sampled in
Warm Springs, upper Muddy River. All variables used
in CCA to examine relationship between environmental

factors and mollusk assemblage structure. * =
parameters measured in quadrats, ** = parameters

measured along transects, all others measured
at stations.

width (spaced 1 m apart and oriented perpendicular to
the  thalweg)  where  mollusk  samples  and  aquatic
habitat measurements were collected from two mid-
channel and two springbrook margin quadrats. Mid-
channel quadrats were placed along first and third

Table 2

Proportion of quadrats and spring brook banks where
substrate and channel features, respectively, occurred

during mollusk sampling in Warm Springs, upper
Muddy River,  Clark County,  Nevada,  n =  84 for

Substrate Features (all measured in quadrats) and n =
168 for Channel Features (all measured where transects

intersected banks). All variables used in CCA.
Element Median Range

Water Depth (cm)*
Water Velocity (cm/sec)*
Springbrook Width (cm)**
Water Temperature (°C)
Dissolved Oxygen (mg/1)
Electrical Conductance

(umhos/cm)
pH
Riparian Cover (percent)**

16 Substrate
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Table 3

Spring brook names and the approximate distance of
sample stations from each spring source.

Springbrook Name Locations (m)
Pedersen Spring
Muddy Spring
Plummer Spring
Apcar Spring
South Fork Muddy River Spring

10, 25, 60, 120, 200, 500
10, 25, 60, 120, 180, 280
10, 25, 60, 120
25, 60
25, 60, 120

transects, and right and left bank quadrats on transects
two and four, respectively (bank quadrats scored 1 and
mid-channel  scored  for  canonical  correspondence
analysis). Channel features (Table 2) and springbrook
width were recorded across each transect and bank
features were recorded where transects intersected the
banks. Water depth and mean water column velocity
(measurement taken at 60 percent water depth) were
measured at the center of each quadrat, and occurrence
of substrate types, filamentous green algae, palm roots,
and coarse particulate organic matter (CPOM) were
scored as present (1) or absent (0) from a quadrat.
Electrical conductance (EC), dissolved oxygen concen-
tration, temperature, and pH were measured at each
station (using Model 33 [EC and temperature] and
Model  57  YSI  [dissolved  oxygen]  meters,  and  an
Oakton pHTestr 2 handheld meter). A Marsh-McBir-
ney Model 2000 current meter was used to measure
current velocity. Although this velocity measurement
may weakly quantify benthic microhabitats, correlation
between these velocities suggests that conditions at
mean water column are indicative of velocities over
substrate.  pH  and  dissolved  oxygen  meters  were
calibrated daily and other meters calibrated according
to manufacturer specifications. Mollusks were collected
by roiling substrate within the quadrat for 10 sec to
flush material downstream into a 250 micron mesh net
that was held in a vertical frame and secured to the
quadrat. Samples were preserved in 90 percent ethyl
alcohol and returned to the laboratory for identifica-
tion, and enumeration. Identification was made using
descriptions  in  Hershler  (1994,  2001).  Samples  are
archived  at  the  Desert  Research  Institute,  Aquatic
Ecology Laboratory, Reno, Nevada.

Data  Analysis

Environment-Assemblage Relationships: Relationships
between aquatic and channel environments and assem-
blage structure were examined with canonical corre-
spondence  analysis  (CCA)  using  Canoco  4.0  for
Windows. CCA axis scores were standardized using
methods  of  Hill  (1979),  scaled  to  optimize  the
representation of species, and Monte Carlo simulation

(1000 iterations) tested the hypothesis that there was no
relationship between species and environment matrices.
A total of 22 measured and categorical habitat features
were included in the analysis (EC and pH did not differ
among stations and were not used in the CCA). The
CCA  is  a  multivariate  direct  gradient  analysis  that
analyzes unimodal data to assess species distribution
along environmental gradients. It performs multiple
linear least-squares regressions with the environment
and species abundance as independent and dependent
variables, respectively (ter Braak and Prentice, 1988;
Jongman et al., 1987; Palmer, 1993).

Microhabitat Use: Habitat preference was calculated for
water depth, temperature, and velocity, and the presence
of substrate types. With the exception of water depth,
CCA showed these variables were most important to
structuring the molluscan assemblage (Figure 2, Ta-
ble 4). Preferences for water depth were calculated
because preliminary analysis indicated these species
occupied a diversity of available depths. Preference was
calculated using the formula of Jacobs (1974): D = r — p/
i + p — 2rp; where p is the proportion of the resource
available in the habitat and r is the proportion of the
resource utilized by the species. Resource use was
categorized as moderate preference (between 0.25 and
0.5) or strong preference (>0.5), or strongly (<— 0.5) or
weakly avoided (between —0.25 and —0.5). Neither
preference nor avoidance were indicated by values <
0.24 and > —0.24. Niche breadth was calculated using
the equation B = l/£ Py 2 , where Py is the proportion of
the resource in each category (Levins, 1968), and niche
overlap was calculated using the same variables follow-
ing the equation from Schoener (1970) with revisions by
Litton et al. (1981) so that S = 100(1-1/2 X|P xi - P yi |)
where P xi and P y i are the proportion of resource use in
each category for the two species being compared. Niche
breadth values may range from 1 — > 14. Low values are
indicative of narrow, limited habitat use and high values
indicate wider use of available habitats. Niche overlap
values range from to 1 with substantial overlap being
indicated by values > 0.5 and differences in use indicated
by values < 0.5. Habitat availability was calculated using
records from all quadrats (n = 84) and habitat use, and
niche breadth and overlap calculations were made by
weighting resource utilization in accordance with each
species" abundance. Preference, niche breadth, and niche
overlap calculations must be interpreted with caution.
They are indices that provide insight into relationships in
habitat use among species but they are not quantitative
descriptions of inter-specific interactions, which can only
be determined through experimental manipulation.
Similarities among results of these analyses and CCA
may guide experimental studies by indicating the relative
influence of individual environmental variables on the
distribution of species.
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Figure 2. Canonical correspondence analysis biplot showing the relative influence of significant instream and channel
environmental parameters on structure of the mollusk assemblage at Warm Springs. The relative influence of each environmental
variable is shown by vector length with longer vectors indicating variables with greater importance. PA = P. avemalis, PC = P.
carinifera, TC = T. clathrata, MT = M. tuberculata, WV = mean water column velocity, TEMP = water temperature, GR =
gravel, FINES = fines, IB = presence of incised banks, POS = quadrat position, CPOM = coarse particulate organic matter, WW
= wetted (spring brook) width, and BA = presence of armored bank.

RESULTS

Environment-Assemblage Relationships: A total of 1282
P. carinifera, 10A P. avemalis, 750 T. clathrata, and 283
M.  tuberculata  were  collected  and  tallied.  Snail
abundance in quadrats ranged from to 346 (equiv-
alent to approximately 29,000/m 2 ), and from to 148
for P. carinifera, to 145 for P. avemalis, to 96 for 71
clathrata,  and  to  34  for  M.  tuberculata.  Initial  CCA
revealed nine significant (P < 0.05) physicochemical
factors  were  most  important  to  structuring  the
assemblage (Table 4). Water temperature, mean water
column velocity, the presence of some substrates (fines,
gravel,  CPOM),  aspects  of  channel  morphology
(incised or armored banks, spring brook width), and

quadrat location (bank vs. mid-channel) were statisti-
cally significant variables. Water depth, the presence of
roots, algae, other submerged vegetation, sand and
cobble substrates, dissolved oxygen concentration,
distance from spring source, and bank angle, stability
and grassy vegetation had comparatively little influence
on assemblage structure. The first axis explained most
of the species-environment relationship, all variation
was explained by the first three canonical axes, and the
total intertia of eigenvalues was 0.814 (Table 5). Monte
Carlo simulation (1000 iterations) of species-environ-
ment  correlations  were  significant  for  Axis  1  (P  =
0.001) and for all canonical axes (P = 0.001).

Figure 2 is a CCA biplot where species relationships
and environmental factors that were most influential to
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Table 4
Inter-set correlations for 22 environmental variables

examined during CCA. Variables in bold were
statistically significant (P < 0.05) and used in final

analysis for the biplot in Figure 2. Abbreviations used
in Figure 2 shown in parentheses.

Environmental Variable

assemblage structure are illustrated by vector length
and the association of each species with each environ-
mental variable. Vector length illustrates that water
velocity, temperature, and the presence of fines and

Table 5

Eigenvalues, species-environment correlations, and
cumulative percentage variance of species data and

species-environment relationship explained by the first
three ordination axes of the CCA analysis of the Warm

Springs mollusk assemblage.

gravel  were  the  most  influential  factors.  Quadrat
position  and  the  presence  of  incised  banks  were
moderately  influential,  and  wetted  width,  and  the
presence  of  CPOM  and  armored  banks  were  least
important. The plot indicates these species occupied
different  habitats.  Pyrgulopsis  avernalis  (PA)  was
associated with higher current velocities (WV), gravel
substrate (GR), and higher water temperature (TEMP),
and P. carinifera (PC) with moderate current velocities
and incised (IB), unarmored banks. Tryonia clathrata
(TC)  was  associated  with  moderate  temperatures,
slower  currents,  bank  quadrats,  CPOM,  and  the
absence  of  gravel  and  fine  substrates.  Melanoides
tuberculata was associated with fine substrate (FINES),
wider brooks (WW), cooler temperatures, and lower
current velocities.

Microhabitat Use and Resource Partitioning: Habitat
preference  calculations  confirm  CCA  results  and
indicate these species partition habitat by temperature,
water  velocity,  and  substrate.  Niche  breadth  and
overlap values suggested that there were differences in
diversity of habitat used by each species and that there
was  common  use  of  some  habitats.  Pyrgulopsis
avernalis  occupied  a  wide  diversity  of  depths  (B  =
5.21),  but  preferred  depths  from  30  cm  to  40  cm
(Figure 3 A). It avoided shallow (<15 cm) and deeper
water (>45 cm). Niche breadth values indicated that it
also occupied a wide variety of current velocities (B =
7.69), but it preferred mean water column velocities >
50 cm/sec and strongly preferred velocities approxi-
mately 70-110 cm/sec (Figure 4A). It avoided currents
< 40 cm/sec and it was most common in mid-channel
quadrats  where  currents  were  swift  and  smaller
substrates scarce (Table 6). It also preferred gravel,
avoided cobbles, and strongly avoided fines, sand, and
CPOM (Figure 5 A).  It  occupied the warmest water
temperatures in the spring province, preferred temper-
atures near 32°C (B = 1.49), and avoided cooler water
(Figure 6A).

Pyrgulopsis carinifera also occupied a diversity of
depths (B = 5.29), but it preferred habitats < 10 cm
deep  and  avoided  depths  >  30  cm  (Figure  3B).  It
occupied  slow  and  fast  currents  (B  =  5.66)  but
preferred mean water column velocities from 30 to
40 cm/sec (Figure 4B). Like P. avernalis, it occurred in
mid-channel  quadrats  (Table  6),  preferred  gravel,
avoided sand and CPOM, and strongly avoided fines
and cobbles  (Figure 5B).  It  also  strongly  preferred
temperatures near 32°C (B = 1.31) and avoided cooler
water (Figure 6B).

Tryonia clathrata also preferred the warmest waters
(Figure 6C), but occupied substantially different mi-
crohabitats than either species of Pyrgulopsis. Tryonia
clathrata was most common along spring brook banks
where it preferred shallow (<5 cm deep), slow moving
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Figure 3. The depth of water occupied by P. avernalis, P. carinifera, T. clathrata, and M. tuberculata. + and ++ = moderately
preferred resource categories, respectively, - and - = moderately and strongly avoided resource categories, respectively. B =
niche breadth.

(<20  cm/sec)  water  while  avoiding  deeper,  swiftly
flowing  waters  (Figures  3C  and  4C,  Table  6).  Small
niche breadth values for depth and velocity (B = 3.50
and  2.82,  respectively)  indicate  its  comparatively
restricted use of shallow depths and slow currents. It
strongly preferred sand, preferred fines and CPOM,
and strongly avoided gravel and cobbles (Figure 5C).

Melanoides tuberculata occupied a wider diversity of
water temperatures than the springsnails (B = 2.85),
and it strongly preferred temperatures near 25°C and
strongly avoided the warm temperatures preferred by
springsnails (Figure 6D). Differences between springs-
nail and M. tuberculata preferences for temperature
probably account for the importance of temperature in
structuring the assemblage that was shown by CCA
(Figure 2). It exhibited no preference for water depth
but it strongly avoided habitats deeper than 30 cm
(Figure 3C). It was most common along springbrook
banks (Table 6). Current velocities from 0-10 cm/sec
were preferred and mean water column velocities <
10  cm/sec  were  strongly  preferred  (Figure  4D).  It
showed no preference or avoidance of CPOM.

Melanoides tuberculata used habitats similar to those
occupied by T. clathrata and quite different from both
Pyrgulopsis  species.  Although  habitats  used  by  T.

clathrata and M. tuberculata were similar, M. tubercu-
lata strongly preferred the presence of fine substrate
and strongly avoided sand, gravel, and cobble (Fig-
ure 5D). These two species also appeared to occupy
habitats  with  different  temperatures  and  current
velocities (Figures 3D and 4D, respectively). Tryonia
clathrata occupied shallow habitats (Figure 2D) where
sand substrate  was associated with slightly  swifter
current while M. tuberculata occupied habitats where
fine substrates were associated with very low current
velocities. These characteristics suggest that M. tuber-
culata may be relatively tolerant of nocturnal decreases
in  dissolved  oxygen  concentrations  that  can  be
associated with fine substrates. Use of this habitat type
is consistent with observations of its habitat use by
Dudgeon (1989), Gutierrez et al. (1997), and Duggan
(2002). Differences in habitat use by springsnails and
M. tuberculata suggest that their interactions may be
minimal at Warm Springs.

Niche overlap values generally confirm habitat use
shown in Figures 3-5. Values were < 0.5 between T.
clathrata and both species of Pyrgulopsis for water
depth  and  substrate  type  (with  exception  of  0.638
between T. clathrata and P. carinifera for depth), which
suggests that intra-generic habitat use of species in this
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Figure 4. Mean water column velocity of habitats occupied P. overnalis, P. carinifera. T. clathrata. and M. tuber culata. Preference
and avoidance illustrated as in Figure 3.

springsnail assemblage is minimal (Tables 7 and 8).
Niche overlap values for P. avernalis and P. clathrata
were  low  for  current  velocity  (<0.35)  and  >  0.5  for
water depth and substrate type, which indicates that
habitat  use  by  these  species  is  similar  and  differs
primarily in the use of fast and moderate currents by P.
avernalis and P. clathrata, respectively. Overlap be-
tween the springsnail assemblage and M. tuberculata
was high for water depth, but overlap was also high
between velocities used by the melania, P. carinifera,
and T. clathrata (Table 7). Highest overlap in current
velocity occurred between T. clathrata and M. tubercu-
lata,  and  lowest  was  between  P.  avernalis  and  M.
tuberculata (Table 7). Overlap for fines, gravel, and
cobble substrate use was relatively high among all
species in the assemblage, but overlap was low between
both Pyrgulopsis species and T. clathrata for use of
sand (Table 8). Overlap for use of sand was also low
between M.  tuberculata  and T.  clathrata  (Table  8),
which  confirms  results  of  calculations  showing  M.
tuberculata and T. clathrata preferred fines and sand,
respectively.

DISCUSSION

Springsnails  represent  the  most  diverse  family  of
gastropods  in  western  North  America  and  many
species occupy the smallest aquatic habitats in the

most arid regions of the continent. In these areas, most
populations inhabit isolated springs and spring prov-
inces on valley floors and along the base of mountain
blocks. Populations rarely inhabit springs higher than
2,400 m elevation. Temperature and EC of springsnail
habitats range from 10°C to 40°C and from 70 umhos/
cm to 37,000 umhos/cm, respectively (Hershler and
Sada, 1987; Sada and Deacon, 1995; Hershler, 1998).
The  amount  of  habitat  occupied  by  springsnail
populations ranges from < 1 m 2 in small springs to >
100 m 2 in large springs. Hershler (1998) estimated that
the density of some populations may reach 10,000/m 2 .
Most populations are relictual in aquatic systems that
have persisted since ancient pluvial periods, and they
are restricted to springs with minimal environmental

Table 6

Proportion of individuals of each species of mollusk
occurring in spring brook mid-channel and bank

quadrats sampled at Warm Springs.

Species Mid-Cannel Bank
P. avernalis
P. carinifera
T. clathrata
M. tuberculata

0.80
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T. clathrata

SAND GRAVEL COBBLE CPOM
Substrate Types

SAND GRAVEL COBBLE CPOM
Substrate Types
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Substrate Types

SAND GRAVEL COBBLE
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Figure 5. The proportion of P. overnalis, P. carinifera, T. clathrata, and M. tuberculata that were associated with the presence (□)
and absence ( ■ ) of different substrates. Preference and avoidance shown only for occupation of quadrats with the presence of a
substrate type listed. Preference and avoidance illustrated as in Figure 3.

variability (Taylor, 1985). As with other crenobiontic
species, densities are greatest near spring sources where
physicochemical environments are relatively stable
compared to downstream reaches of spring brooks
where seasonal and daily environmental variability is
relatively high and springsnails are sparse or absent
(Noel, 1954; Hershler, 1998; McCabe, 1998). They do
not inhabit reaches that dry on a regular basis, but they
may colonize downstream reaches where stressful
events such as flooding and drying are infrequent.

Past quantitative studies suggest that springsnails
preferentially occupy limited portions of springs with
suitable chemistry. In laboratory experiments O'Brien
and Blinn (1999) demonstrated that P. montezumensis
inhabited a limited reach of spring brook where C0 2
concentrations ranged from 110-315 mg/L. They did
not occupy upstream reaches where concentrations
were greater and downstream reaches where concen-
trations were less. Annual patterns of variability in P.
bruneauensis density and its preference for upstream
portions  of  spring  brook  were  attributed  to  water
temperature  by  Mladenka  and  Minshall  (2001).  In

experiments with springsnail assemblages in mound
springs of Australia, Ponder et al. (1989) demonstrated
the  influence  of  several  environmental  factors  on
activity  levels  and  survivorship  of  one  amphibious
species and several aquatic species. Each of these species
exhibited intolerance to desiccation, low and elevated
salinity concentrations, deoxygenated water, low and
elevated water temperature, and to varying exposure to
submersion. Behavioral responses to light also varied
among species. These studies also recorded the relative
abundance of several species in eight zones (e.g., spring
source, upper part of outflow, middle part of outflow,
etc.)  in  a  number  of  springs.  Patterns  of  zonal
occupation were weak, but each assemblage typically
included one amphibious species and one large species,
and from one to three small aquatic species. They also
concluded that springsnail niche potential was fully
exploited in  these springs  and that  introduction of
species from other springs was therefore unlikely.

The study at Warm Springs showed that structure of
this assemblage of native and non-native mollusks was
influenced by water temperature and several physical
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Figure 6. Water temperature of habitats occupied by P. avernalis, P. carinifera, T. clathrata, and M. tuberculata. Preference and
avoidance illustrated as in Figure 3.

elements  of  the  aquatic  and  spring  brook  bank
environment. These conclusions appear to confirm
qualitative observations made during taxonomic stud-
ies.  They  are  also  consistent  with  observations  by
Mladenka and Minshall (2001) that water temperature
was an important element of their occupied habitat.
Although  springsnails  at  Warm  Springs  preferred
warm water, preferences for temperature did not differ
among these species and temperature was not an
important factor segregating springsnail habitat use.

Springsnails  at  Warm  Springs  occupied  a  wide
diversity of aquatic habitats, which was indicated by
relatively high niche breadth values for each species in
several habitat elements. Depths, velocities, and sub-
strates occupied by T. clathrata were generally more
specific  than  those  occupied  by  either  species  of
Pyrgulopsis. Both Pyrgulopsis generally occupied deep-
er and swifter water, and larger substrates than T.
clathrata, which preferred water < 5 cm deep, velocities
< 20 cm/sec, and sand and fine substrates.

Additional partitioning among assemblage members
is suggested by the use of mid-channel and springbrook

margin habitats. Although each species occurred across
springbrooks, most T. clathrata occurred along spring
brook  margins,  P.  carinifera  was  relatively  evenly
distributed between margins and the mid-channel,
and P. avernalis was most abundant in mid-channel
habitats. This appears to be consistent with habitat

Table 7

Niche overlap values for water depth and mean water
column velocity among mollusks in Warm Springs,
Clark County, Nevada. Abbreviations for species as

shown in Figure 2.
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Table 8

Niche overlap values for fines, sand, gravel, and cobble
substrates among mollusks in Warm Springs, Clark

County, Nevada. Abbreviations for species as shown in
Figure 2.

Fines/Sand
PA PC TC MT

PA

preferences exhibited by each species. Tryonia clathrata
occupied shallow, slow habitats and fine substrates that
occured along springbrook banks. Pyrgulopsis avernalis
was most abundant in mid-channel habitats where
substrates are larger and depths and current velocities
greatest and Pyrgulopsis carinifera preferred slower
water and moderate depths that are lateral habitats in
mid-channel and along springbrook margins. Prefer-
ential occupation of margin and mid-channel habitats
suggests that  these springsnails  may exhibit  zonal
preferences of habitat use. Differences between this
observation and conclusions by Ponder et al. (1989)
that  zonal  preferences  were  not  apparent  may  be
attributed to sample techniques. The wide range in
springsnail density within 120 cm 2 quadrats (range
from to 346 springsnails) at Warm Springs suggests
there is wide spatial variability in springsnail abun-
dance in a spring and that sample methods using large
quadrats may yield weak relationships between springs-
nail  abundance  and  characteristics  of  the  spring
environment. Determining these relationships appears
to require quantitative sampling within a small area.
Sampling springsnail abundance and habitat charac-
teristics within 120 cm 2 quadrats appears suitable to
examination these relationships.

Observations at Warm Springs provide insight into
the potential effects of the M. tuberculata on springs-
nail populations. Observations of potential competitive
interactions between M. tuberculata and several species
of Tryonia and Pyrgulopsis in Ash Meadows, another
thermal spring province in southern Nevada, that were
hypothesized by Hershler and Sada (1987) were not
confirmed at Warm Springs. Niche overlap between M.
tuberculata and both species of Warm Springs Pyrgu-
lopsis was small for all measured habitat elements.
Overlap between M. tuberculata and T. clathrata was
more extensive with both species occupying marginal,
slow moving habitats with small substrate. In spite of
these similarities, interactions appeared to be minor
because they utilized different temperatures, substrates,
and water velocities. Melanoides tuberculata preferred

cooler water, finer substrate, and slower currents than
T. clathrata. Differences in habitat use among springs-
nails  and  M.  tuberculata  suggest  that  competitive
interactions  between  these  mollusks  are  relatively
minor  and  that  presence  of  the  M.  tuberculata
minimally influences the abundance or habitat use of
springsnails at Warm Springs.

Physiological requirements of springsnails demon-
strated  by  Ponder  et  al.  (1989),  O'Brian  and  Blinn
(1999),  and  Mlandeka  and  Minshall  (2001)  and
springsnail preference for physical components of the
environment at Warm Springs suggest that each taxon
may be restricted to portions of a spring that provide
suitable physicochemical conditions. Additionally, it
suggests that springsnail abundance and distribution
may be a function of factors that alter these conditions.
These observations have wide implications for springs-
nail biogeography and conservation by suggesting that
each taxon may be adapted to comparatively specific
physicochemical aspects of their 'home' springs. These
rather specific adaptations may be important factors
limiting springsnail dispersal and restricting most taxa
to springs with similar environments within a limited
geographic area. Several recent articles have noted the
vulnerability of springsnails to extirpation because of
their limited distribution and life history requirements
(e.g., Hershler, 1998; Hurt and Hedrick, 2004). Studies
at Warm Springs provide quantitative evidence that
springsnail abundance may be affected by any factor
affecting water temperature (e.g., springbrook diver-
sion, integrity of riparian vegetation), and the quality
and heterogeneity of spring habitats. Human activities
that reduce environmental heterogeneity (e.g., reduce
discharge,  channelize,  or  alter  springbrook  bank
morphology  and  vegetation)  are  likely  to  reduce
springsnail abundance or extirpate populations because
they alter elements of the environment that define
springsnail habitat. Effects of reduced habitat quality
and heterogeneity  by channelization,  siltation,  and
diversion on springsnail abundance are apparent at
Warm Springs where springsnails are scarce or absent
from approximately 85 percent of historically occupied
springbrooks. In spite of these declines, these springs-
nail populations appear to be comparatively resilient
because their abundance rapidly increased following
springbrook restoration for Moapa dace. Reestablish-
ing  springsnails  in  their  historic  range  will  require
restoring springbrook characteristics and minimizing
factors that reduce environmental heterogeneity, such
as decreased discharge attributed to diversion and
groundwater use.

Over  the  past  decade,  Scoppettone  (1993)  and
Scoppettone et al. (1992) delineated characteristics of
Moapa dace habitat use, and showed that adults are
most common in deep, comparatively large habitats
where they can hold near mid-water column and feed
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on drifting macroinvertebrates. This information has
been integrated into conservation programs to enhance
and protect Moapa dace from non-native fishes and
activities that have adversely modified springbrooks
and  the  Muddy  River.  Springsnail  preference  for
relatively  shallow  habitats  with  diverse  substrate
composition suggests that springbrook restoration
designed  solely  for  Moapa  dace  may  not  provide
sufficient heterogeneity for springsnails.

The  declining  status  of  springsnails  and  their
sensitivity to habitat alteration is an indicator of the
ecological  consequences  of  activities  that  degrade
springs. This suggests that changes in management
are necessary to maintain biotic integrity and prevent
future declines in crenobiontic species and habitats that
support a large portion of the aquatic biodiversity in
arid lands.
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