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Distribution of pulmonate snails in the New River of Virginia
and North Carolina, U.S.A.: interaction between alkalinity
and stream drainage area

ROBERT T. DILLON Jr and ERNEST F. BENFIELD Department of Biology, Virginia
Polytechnic Institute and State University, Blacksburg, U.S.A.
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SUMMARY . The distribution and abundance of five species of pulmonate
snails over 87 sites in the New River seem to be refated to two variables,
alkalinity and drainage area of the stream. The snails were generally found
in the more alkaline streams regardless of stream drainage area and in the
larger streams regardless of alkalinity. Considering only the 26 sites where at
least one species of the five pulmonates occurred, rank snail abundance is
significantly correlated with rank alkalinity, rank drainage area, and the
alkalinity/area interaction. But the correlations between abundance and
both alkalinity and drainage area drop to low levels when interaction is
partialled out, while the correlation between abundance and interaction
remains high upon partialling out alkdlinity or area. This suggests that the
apparent correlation between pulmonate abundance and alkalinity is
secondary and that neither alkalinity nor water chemistry variables
correlated with it directly limit the distribution and abundance of
pulmonates in the New River. Both alkalinity and stream drainage area may
influence the abundance of pulmonate food.

Introduction

Relationships between the distribution and
abundance of freshwater snails and surface
geology are well established (e.g., Appleton,
1978; Russell-Hunter, 1978). Most field studies
have found that freshwater snails are cither
restricted to areas containing limestone or
dolomite, or are more abundant in such areas
{Boycott, 1936; Shoup, 1943; Macan, 1950;
Okland, 1969; Williams, 1970a; McKillop &
Harrison, 1972, Dussart, 1976). Transplant
experiments (Malone, 1965) and iaboratory
work (WilHams, 1970b) have corroborated field
observations for particular snail species, Other
magcro-invertebrates, for example crustaceans,
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also seem to he more commoen and diverse in
hard water (Sutcliffe, 1972).

Many explanations have been proposed for
the relationship between surface geology and
freshwater snail distribution, most of which
focus en the direct effects of water chemistry on
metabolism.  Calcium  concentration, water
hardness, pH, alkalinity and total dissolved
solids are all highly intercorrelated (Sepkoski &
Rex, 1974) and all increase when rivers flow
threugh limestone or dolomite. The absence of
many snail species from soft water may be
related to an inability to obtain sufficient calcium
for shell construction. Another possibility is that
low concentrations of ions in general make
osmotic regulation difficult. Various species of
freshwater snails may have minimum pH
tolerances, or perhaps are unable to cope with
the fluctuations in pH that are common in waters
of low buffering capacity.
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In a 1976 survey of moliuscs in the upper New
River of Virginia and North Carolina, it was
observed that the distribution and abundance of
most pulmonate snail species did not seem to be
a simple function of surface geciogy. Both the
amount of limestone drained by a stream and the
stream’s size seemed to be involved. The
purpose of this paper is to present evidence
suggesting that the distribution of pulmonate
snails in an  Appalachian Mountain  river
catchment is a function of the interaction
between alkalinity and stream drainage area,
and to discuss possible implications of that
interaction.

Methods

The upper New River drains a mountainous 7117
km? area in southwestern Virginia and north-
western North Carolina, U.S.A. Although geo-
logicallty complex, upstream portions of the
catchment are generally underlain by gneiss and
schist, and downstream areas by limestone and
dolomite (Fig. 1). Eighty-seven sites were
selected throughout the catchment as a geo-
graphically representative sample. (Locality
data for these sites are available from the first
author upon request.) At each site, a team of
collectors thoroughly searched the area for
molluscs and scored each species by abundance.,
A score of 1 was assigned to uncommon species
represented by a few scattered individuals.
Species represented by more than a few in-
dividuals but still estimated to have less than 5
individuals per m? of suitable habitat were given
a score of 2. An abundance score of 3 was given
to species with an estimated density of greater
than 5 individuals per m* of suitable habitat. Ali
sites were originally visited in the spring of 1976
and were revisited at least once each spring or
summer in  1977-1979.  Although most
pulmonate populations appeared to remain
stable over the period, some revision of
abundance estimates was necessary, Thus some
abundances reported here are modes for obser-
vations made over several visits,

A measure of overali pulmonate abundance at
each site was obtained by summing abundance
values for all pulmonate species present. (The
limpet, Ferrissia, was excluded from this study
for reasons to be outlined later.) Stream
drainage area at each site was estimated from a

stream gazeteer {Kanawha River Basin Co-
ordinating Committee, 1971) and topographic
maps.

Values for mean total alkalinity at some sites
were taken from Benfield & Cairns {1974). For
the remaining sites, total alkalinity was
measured at the riverbank in July, 1978. A water
sample of 100 ml was first titrated to pH 8.3 using
standardized 0.02N sulfuric acid and phenoi-
phthalein as indicator. Titration was continued
to pH 4.5 using methyl purple as indicator, Total
alkalinity in mg 17" CaCO, was taken as ten times
the volume of the acid titrant {American Public
Health Association et al., 1976), This figure was
subsequently converted to m-equiv, 171,

Kendall rank correlation coefficients were
calculated for all pairs of four variables: abund-
ance, alkalinity, drainage area and the inter-
action between alkalinity and drainage area
{Siegel, 1956). The interaction term was ob-
tained by multiplying rank alkalinity by rank
drainage area and re-ordering the product, All
correlation coefficients were corrected for ties.
Kendail partial rank correlation coefficients
were calculated between abundance and each of
the three environmental variables, holding a
second environmental variable constant (Siegel,
1956},

Resulis

Pulmonate snails (excluding Ferrissic) were
found at 26 of the 87 sites (Fig. 1). The five
species collected and values for alkalinity and
drainage area at each site are listed in Table 1.
Most of the pulmonates were broadly distributed
throughout the New River basin. The only ex-
ception was Physa pomilia (Conrad), a rare
species in the study area, which appeared to be
restricted to sites not oeccupied by Physe
hendersoni Clench. Figure 2 shows the distri-
bution and abundance of Physa, the most wide-
spread pulmonate genus in the area, plotted on
the two environmental variables using a log
scale. The snails were generally found in small
streams only when the alkatinity was high and in
low alkalinity water only when the stream was
large. Occastonally, Physa was found in very soft
water. For example, Physa was very common at
site 5, where the calcium concentration was 3.6
mg 17", hardness was 14.1 mg 171, toral dissolved
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FIG. 1. Map of the upper New River showing sample sites. Darkened circles locaie sites where pulmonate snails
(excluding Ferrissia) were collected. Areas north of the dashed line are generally underlain by limestone and
dolomite. Areas south of the line are principally underlain by gneiss and schist,

solids were 76.2 mg 17", alkalinity was 0.33 -
equiv. 17", and pH was 6.76 (means of 60
samples taken over a 4-year period by Benficld
& Cairns, 1974). Though the other pulmonate
species were less commeon than Physa, their dis-
tributions throughout the 87 sites were similar
{Table 1).

Table 2 shows the simple Kendall rank cor-
relations between all pairs of the four variables.
Pulmonate abundance s highly correlated
(P <20.01) with the interaction between drainage
area and alkalinity. Abundance is also signifi-
cantly correlated with both alkalinity and
drainage arca individually, even though these
two variables are negatively correlated with one
another. Table 3 shows that the correlation
between abundance and interaction rernains
large even when alkalinity or area is partialied
out. {Unfortunately, the significance of Kendall
partial rank correlation coefficients cannot be
tested.) However, when interaction is partialled
out, the correlation between abundance and
alkalinity drops to a low level. The correlation
between abundance and drainage area also

drops a great deal when the effect of interaction
is removed. This suggests that the true
correlation is between pulmonate abundance
and the alkalinity/drainage area interaction. The
apparent relationships  between pulmonate
abundance and alkalinity or drainage asea
individually shown in Table 2 are secondary.

Discussion

In the upper New River, populaticons of several
pulmonate snail species do not seem to have any
absolute boundaries corresponding to particular
alkalinities, Rather, the minimum alkalinity
requited seems to depend on stream drainage
arca. The snails were found commonly in large
softwater rivers but not in small streams of
similar alkalinity. Given that pulmonates are
found at a site, there is evidence that the inter-
action between stream drainage area and
alkalinity accounts better for the variance in
pulmonate abundance than does either variable
alone.
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TABLE 1. Abundance (on a scale of 1-3) of five pulmonate snail species and values of alkalinity (m-equiv. 17%) and

drainage area {km*)

Pseudo-
Physa Physa Fossaria  succinea Helisoma  Total
Drainage hendersoni  pomifia obrussa columella  anceps pulmonate
Site Alkalinity  area Clench (Conrad} {Say) (Say) Menke abundance
A D78 6216 3 2 2 7
B 150 63 3 3 2 8
C 064 829 3 2 1 6
D 414 52 1 1
E 036 4921 2 1 2 3
F 188 26 2 2
G120 518 3 3 1 2 9
H 138 453 3 2 5
i 1.42 a1 3 1 4
¥ 1.60 26 2 i 1 4
K D68 4274 2 1 3
L 0.70%* 4144 3 3 6
M 1.40 430 3 1 3 7
N 126 130 3 1 4
G 020 3497 3 1 4
P 0.36" 2849 3 2 5
Q 034 2720 2 1 3
R 034 2124 2 2
S 0.32% 1865 3 2 1 2 8
T 0.34% 158 1 1
U 034 93 1 1
Vo022 659 3 2 3 8
W 0.50 181 i H
X 0.38% 406 2 1 1 4
Yo 0.32% 622 1 1 2
Z 018 285 2 1 3

*Mean of twelve samples taken in 1974,
**Mean of sixty samples taken in 1970-1974.

Qur results are quite similar to those obtained
by Lassen (1975) and Aho (1978a,b.c) working
with the snail fauna of Scandinavian lakes. They
demonstrated that both lake trophic status (in-
cluding concentrations of mineral salts like
calcium) and lake size are required to make an
accurate prediction about gastropod diversity
and abundance. Both authors suggested that the
rnumber of species present in Scandinavian lakes
is determined by invasion-extinction equilibria,
‘and that smaller lakes had fewer species because
extinction was more likely and invasion more
difficult. The sites we studied are all well-connec-
ted and are in no sense isiands. Further, the
upper New River is thought to be a remnant of
the ancient Teays River system and may be one
of the oldest rivers in North America (Janssen,

1953; Ross, 1969). Yet a species-area relation-
ship seems to persist,

The presence of a significant interaction be-
tween alkalinity and stream drainage area is not
compatible with the hypothesis that alkalinity or
its correlates directly limit pulmonate distribu-
tion and abundance in New River, We suggest
that both increased alkalinity and large drainage
area may have the effect of increasing food
supply for pulmonate snails in the upper New
River, and that the distribution and abundance
of the snails may be a function of food supply.
This is not an entirely new suggestion, Many
authors have observed that freshwater snails are
more common and diverse in eutrophic lakes
than in oligotrophic lakes {(Russel:-Hunter,
1978), suggesting that food availability may be
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F1G. 2. The abundance of Physa {1wo species) at sites
of varying alkalinity and drainage area. Small,
medium, and large closed circles show sites where
FPhysa had an abundance of one, two, and three,
respectively. No Physa were collected at sites marked
by an open circle.

TABLE 2. Kendall rank correlations

Drainage
Alkalinity  area Interaction
Abundance 0.24* 0.24% 0.35%*
Alkalinity — —-0.206* G.27%
Drainage area  — — (0.53%*

*Significant at 0.05 level {one-tailed).
**Significant at 0.01 level (one-tailed).

responsible. Eisenberg (1966, 1970} found that
wild populations of Lymnaea elodes enclosed by
pens underwent rapid growth when provided
with large quantities of spinach as food. This
suggests that population density was not a func-
tion of maintenance cosis like osmoregulation
and calcium transport, but was due to availability
of food.

The dietary requirements of freshwater pul-
monates are not well known. Pennack (1978)
stated that most freshwater gastropods are
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normally vegetarians and feed on algae, but dead
plant material and occasionally dead animal
material is eaten by some species. He considers
Physa and Lymnaea to be omnivores. Pip &
Stewart (1976) found that the peak abundance of
Lymnaea stagnalis and Physa gyrina on two
macrophyte species correspond to peaks in the
nutritive value of the plants, This suggests that
the snails were either feeding on the macro-
phytes directly or grazing on micro-organisms
colonizing the macrophytes. McMahon, Hunter
& Russell-Hunter (1974) have suggested that the
nutritional quality of macrophytes is generaily
too low to support aquatic snails. McMahon et al.
(1974) report a relationship between the growth
rates and fecundities of twe pulmonates,
Lymnaea and Laevapex and the C/Nratios of the
Aufwuchs the snails graze upon. Calow (1970)
showed that Lymunae pereger grazes on epiphytic
algae without eating the macrophyte hosts.
Calow (1973, 1974) found that Planorbis con-
tortus feeds on detritus rather than algae and
prefers unsterilized detritus over sterilized
detritus. Available information suggests that the
diets of freshwater pulmonates vary greatly and
may include algae, macrophytes, detritus and
associated micro-organisms,

Although there are no specific data available
for the upper New River, autochthonous
primary production in low-order woodland
streams is usually quite low throughout most of
the year, primarily due to shading. Minshall
(1978) compured annual primary production
rates for open and closed canopy streams in
deciduous forests and found that productivity in
streams with an open canopy was significantly
higher than in streams with a closed canopy. The
river continuum hypothesis {(Vannote er al.,
1980} holds that as streams become larger and
less shaded, periphyton production tends to in-
crease. This frend should continue until the river
deepens to the point where sunlight reaches only
a small fraction of the bottom. Broad, shallow
riffles remain common in the New River as far
downstream as was covered by this study. {No

TABLE 3. Kendall partial rank correlations

Alkalinity  Drainage Interaction
Abundance correlated with:
Alkalinity — 0.30 G.16
Prrainage 0.30 — 0.07
Interaction .31 .27 —
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samples were taken in the Claytor Lake im-
poundment between sites A and E.) Thus, peri-
phyton production, probably an important food
source for pulmonate snails, should increase as
drainage area increases.

Stream alkalinity may also be involved in
limiting algal growth in the relatively soft, low-
order streams of the upper New River. Blum
(1956) reported that neutral or slighily alkaline
conditions appear to be a prerequisite for the
majority of lotic algal species and that waters rich
in lime, other things being equal, tend to be rich
in aigae. Butcher (1946) found greater numbers
of algae on slides suspended on two hardwater
rivers than on slides suspended for an equal
length of time in several softwater streams.
Marker {1976} reported that algal biomass was
much greater in a hardwater stream than in
either of two softwater streams throughout most
of the year. Hornick, Webster & Benfield (1981)
found that annual periphyion primary produc-
tion was about two times higher in a slightly
alkaline stream than in a naturally acidic stream
in the same montaine watershed in Virginia.

If we assume that the pulmonate species in
question depend largely on periphyton as a food
source, and that the general patterns of peri-
phyton production with respect to stream size
and alkalinity discussed above apply to streams
in the study area, a case for food limitation seems
reasonable. On the other hand, if the several
pulmonate specics are mainly detritivores or
omuivores, our food limitation hypothesis seems
less likely [though Egglishaw (1968) has shown
that detrital decomposition in streams increases
with their calcium concentrations]. Other factors
that might directly influence the distribution of
pulmonates include pH, tonic concentration
(specific conductance), specific ions, dissolved
oxygen, toxic wastes, temperature, and sub-
strate (Harman, 1974). In the upper New River
catchment there is a gradual trend of increasing
pH and specific conductance from headwater
and side tributaries to the main stream, and in
the downstream direction in the main stream,
but major differences in either factor, or in a
sertes of other water quality variables, are not
apparent {Benfield & Cairns, 1974). The miani-
mum naturally occurring pH over 3 years was 6,2
with means ranging from 6.5 to 8.5. Dissolved
oxygen concentration remains at or near satura-
tion levels throughout the drainage. There are
few industrial sites from which toxic wastes may

originate, but the sites are widely dispersed and
do not appear to constituie a general hazard.
While temperature and substrate {see review by
Flarman, 1974) may well be important factors
influencing pulmonate distribution in the study
area, we have little specific dara to support that
hypothesis. Maximum summer temperatures
may be up to 7°C cooler in some tributaries than
river maxima {30°C), but minimum tempera-
tures are about the same throughout the catch-
ment. Substrate tends to be very similar
throughout the main stream and larger tribu-
taries in the study area but changes significantly
in low-order streams (Benfield & Cairns, 1974).
The general absence of the pulmonates from
low-order streams (Fig. 2) regardiess of alkal-
inity may be due to a number of factors in-
ciuding temperature and substrate,

1t should be emphasized that not all species of
freshwater snails in the New River have
distributions corresponding to those of the five
pulmonates discussed, In particular the limpet
Ferrissia rivularis {Say) is the most widespread
gastropod in the study area, and its distribution
does not seem to reflect any preference for
alkaline water. Four pleurocerid  snails
(Prosobranchia} common in the upper New
River also seem to have different distributions
from the pulmonates. Mudalia dilatata (Conrad)
inhabits the main river and most of the larger
tributaries without apparent regard for alkalinity
or its correlates. Goniobasis proxima (Say) lives
only in small tributaries with low alkalinity, and
Goniobasis semicarinata (Say) and G. simplex
(Say) inhabit small, high alkalinity tributaries
(Dilon & Dravis, 1980).

In summary, it is difficult to make general-
izations about the distribution of gastropods in
the upper New River. Ferressia rivularis and
Mudalia dilatata appear 10 be generalists with
respect to habitat selection while the severaj
species of Goniobasis are specialists. The five
puimonate species appear to fall somewhere be-
tween the two extremes. The variability in dis-
tribution at the familial and generic levels within
a single drainage area suggests that even more
variation should be expected in attempts to ex-
amine factors influencing riverine gastropod dis-
tributions on & regional or continental scale.
Further, our data suggest that single factor
analyses are unlikely to provide sufficient ex-
planation for the distribution patierns of riverine
gastropods,
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