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The population dynamics and reproductive strategies of the

stream snail Oxytrema silicula were examined in four coastal streams

in Oregon representing a small first order stream, a wider third

order stream and a fourth and sixth order stream. Samples were

taken in each type of stream bottom for each stream every three

months for one year. During each sampling period several charac-

teristics of the population were determined including snail

densities for each stream and each of five predetermined weight

classes, sex ratio, reproductive activity, fecundity and apparent

mortality. In addition, sediment type, water depth and type of

cover, if any, were determined for each sampling point.

Snail densities were generally highest in the summer and

fall following the egg hatch in the late spring. During any

sampling period, snail abundance was greater on gravel and cobble

substrates than on sand or silt substrates. Only larger sized

snails (greater than 9 mm in length) were found on the latter with

smaller snails being concentrated in the shallow, rocky areas.



Highest densities were always recorded on allochthonous materials in

the stream such as leaves, twigs and flowers. On the basis of the

CLUSTER and multivariate analyses, it was determined that stream

depth was the most important environmental parameter of the ones

measured determining the observed distribution of snails in the

stream. Subsequent substrate preference experiments supported this

conclusion.

As stream order increases, several changes occur in the

population structure and reproductive output of O. silicula. Mean

density, apparent mortality and fecundity decrease with increasing

stream width while mean biomass, and the proportion of larger

snails increase. Mortality, as measured by numbers of empty shells

and dead snails observed, was usually highest following the winter

freshets. Dead snails representing all size classes were recorded

in both the first and third order streams while dead snails in the

fourth and six order streams were usually in the largest size

classes.

The shell:biomass ratio of the larger weight snails in each

stream (those weighing more than 300 mg total fresh weight)

increases with increasing stream order. Thus, relatively more of

the total weight of larger snails in larger streams is shell.

Perhaps this is indirectly related to the increase in the incidence

of gonadal parasitism of O. silicula with stream width which may

also be a possible selection force maintaining the relatively low

densities and fecundity for snails inhabiting larger streams.



Preliminary evidence using isolated snails both from Oak

Creek (third order) and Salmon Creek (fourth order) suggested no

inherent difference in reproductive capabilities between the two

snail populations. Furthermore, results of short-term feeding

experiments indicated that snail growth and timing of reproduc-

tive maturity are directly related to food abundance and perhaps

food quality. Other environmental parameters such as temperature

and stream flow rates are believed to be important in regulating

the growth and reproductive activity of 0. silicula. These

results suggest that reproductive strategies and resulting popula-

tion structure of O. silicula are due to a high level of phenotypic

plasticity which is at least partly controlled by environmental

factors such as flow rates, temperature and competitive

interactions.
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THE POPULATION DYNAMICS AND REPRODUCTIVE STRATEGY
OF THE STREAM SNAIL OXYTREMA SILICULA (GOULD)

iN RELATION TO STREAM ORDER

INTRODUCTION

In light of the recently proposed stream continuum models

(Margalef 1968, Fisher 1973, McIntire 1973, O.S.U. Conif. Biome

Study 1973), several theories have been proposed concerning energy

budgets, patterns of energy flow and material cycling. Although

population and life history studies have been done for many stream

benthic macroinvertebrates (Brown 1961, Chapman and Demory 1963,

Lynch 1965, Gillespie 1966, Cummins 1973), few of these have inves-

tigated the occurrence and adaptive significance of a variable life

history and population structure within a single species in relation

to stream order. Specifically with respect to stream gastropods,

most studies were done at one stream site and often under relatively

uniform environmental conditions (Dazo 1962, Eisenberg 1966, Foin

1967, Stiven and Walton 1967). A study by Foin and Stiven (1970)

suggested the importance of stream order with respect to mean snail

biomass and snail density, but life history and population struc-

tures for the different streams were not determined. Schaffer and

Elson (1975), using Atlantic salmon, demonstrated the adaptive

significance of variations in life history depending on the stream

order and "river harshness." Specifically, they found that the age

of first reproduction by some populations of salmon could be

delayed beyond the physiological minimum (as predicted in an

earlier theoretical work by Gadgil and Bossert 1970) depending on
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the stream conditions.

If we assume that breeding within a population is adjusted

to maximize individual fitness (Cole 1954, Gadgil and Bossert 1970),

then as Cody (1974) suggested, an organism must allocate the finite

resources available (in terms of time and energy) for growth,

maintenance, and reproduction. Presumably, the proportion of time

and energy an organism spends for these activities will depend on

the resulting fitness as determined by number of offspring that

survive to reproduce. Thus, if the environmental circumstances are

sufficiently different (Lewontin 1965) one might expect different

life history and population parameters for a given species. From

the predictions derived in the stream continuum models, as one

proceeds downstream, there will be a change in the stream environ-

ment with respect to two general features: 1) as stream order and

depth increases, the bottom substrate should become progressively

finer and more homogeneous, 2) the energy resources should shift

from periodic allochthonous inputs in the 1st and 2nd order streams

to primarily autochthonous inputs in middle order streams. Finally,

in higher order streams (usually greater than 6th order), one should

see a shift to heterotrophic processes based on fine particulate

material and dissolved organic inputs from the upstream reaches.

Thus, one would expect a different population structure and repro-

ductive strategy for those organisms living in the upstream regions

(where the later level fluctuates widely and energy inputs are not

as frequent) as compared to those living in the relatively more
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stable environments characteristic of middle order streams.

Specifically, with respect to 0. silicula, which inhabits a

wide range of stream orders, assuming no large scale migrations,

one would expect greater selection pressure for increased fecundity

and earlier sexual maturity in the more unstable lower order

streams (Margalef 1968, Hynes 1971). Furthermore, if there is

decreased fecundity as one proceeds downstream, then survivorship

and growth of the populations should correspondingly increase due

to greater allocation of time and energy for maintenance and

growth (Cole 1954, Schoener 1966, Emlen 1973). In addition, since

populations of 0. silicula would be grazing on different food

resources in different parts of the stream, using the fitness

concept of Levins (1962) we would expect a continuum of pheno-

types and/or genotypes which are efficient at utilizing the

particular proportion of resources in each stream site.

The present study, therefore, examines the consequences of

increasing stream order with respect to the population dynamics

and reproductive strategies of the stream snail 0. silicula. In

addition, an attempt is made to relate Schoener's theory (1969) of

diet selection and time-energy budgeting to 0. silicula.

Little is known concerning the general life history and

population characteristics of 0. silicula. A thesis by Ching (1957)

described the morphology of the snail and a later thesis by Earnest

(1967) tested the effect of food abundance on snail production, but

neither attempted to determine population parameters. It is
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generally known that the distribution of 0. silicula extends south

to the Shasta River, California, north to southwestern Washington

and east to the western slopes of the Cascade Mountains. Inhabiting

many of the coastal streams in great abundance, 0. silicula tends

to aggregate in riffle areas where the blue egg masses are laid.

The sexes are separate in this species. Population data are avail-

able for some related species (Dazo 1962 for Goniobasis livescens,

Stiven and Foin 1967 for 0. proxima, Foin and Stiven 1970 for 0.

proxima) but these studies did not explore the relationship between

stream order and the population characteristics. Perhaps studies

such as the present one will help to elucidate the interactions

between the morphology of a stream and the population dynamics of

the organisms present.



METHODS AND MATERIALS

Population Dynamics

Four streams, representing different stream orders (Hynes

1971), were sampled at approximately 3-month intervals between June

1975 and April 1976. In this study, a reach of stream was defined

as a length of stream four times the mean width. Two of the stream

sites are part of the Oak Creek drainage area located at the

southern edge of MacDonald Forest, five miles west of Corvallis,

Oregon. One is a first order tributary to Oak Creek, 0.32 meters

wide, 6 cm deep with a cobble stream bottom and heavily shaded

canopy. The second stream consists of two reaches within Oak

Creek, a 3rd order stream. One is a cobble bottom, riffle zone

2.5 meters wide, 20 cm deep and moderately open to sunlight. The

second reach is a depositional zone 3.6 meters wide, 65 cm deep

with a silt bottom and relatively shaded canopy. The third stream

studied, Salmon Creek, is located approximately 3 miles west of

Eddyville on state highway 20 in Oregon. It is at least a 4th

order stream, 8 meters wide, and moderately open to sunlight.

Substrate types include a gravel bed 15 cm deep, a bedrock riffle

zone and a silt bottomed depositional zone 1.2 meters deep. A

portion of the Yaquina River, located at Eddyville, was the fourth

stream sampled. The bottom is primarily silt and loose gravel with

a mean depth of 2 meters, 18 meters wide and completely open to

sunlight. The reach of the Yaquina River was sampled starting in
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September and October while the other streams previously mentioned

were sampled starting in June. Each reach of stream was mapped

and subdivided into 0.25 meter
2

sampling plots (Elliott 1973).

Snails were sampled at each site with artificial substrates

constructed of either masonite board or wire mesh screens (.92 mm

mesh opening). The substrates were submerged in randomly chosen

points at each site. Snails were counted by washing the sediment

in a pan several times with stream water and then screening it

through a wire mesh screen (0.6 mm mesh opening).

Since there is no method for directly determining the age of

O. silicula (Ching 1957, Fretter and Graham 1962), weight classes

of snails were used for purposes of distribution and abundance data.

From a sample of 300 snails collected randomly at Oak Creek

with a shovel and drift net, the snail weights (blotted-dry total

fresh weight) were plotted on probability paper (Harding 1947) to

determine weight classes in the population (Fig. 1). The weight

classes were used as follows: Class 1 = less than 65 mg; Class 2 =

70-150 mg; Class 3 = 155-300 mg; Class 4 = 305-450 mg; Class 5 =

greater than 450 mg. Snails were picked out of the samples with

forceps and put into one of the above weight classes. After many

practice trials, it was determined that better than 90% of the

snails would be placed in the proper weight class by visual inspec-

tion without resorting to actual blotted dry weight measurements.

This method has several drawbacks in a field population study.

For example, two populations may have similar weight structures
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though different age structures or vice versa. In addition,

without an aging technique, life history parameters such as mean

survivorship and age-specific fecundity and mortality cannot be

determined. Furthermore, the boundaries of each weight class will

be different between streams and between seasons in the same stream.

Thus, the weight distribution of snails in a given population is at

best only an approximation of the age structure and, in this sense,

is not comparable with a different population.

After the snails were counted, both the snails and artificial

substrate (including any debris associated with the sample) were

returned to their original sampling point. Those points located in

bedrock zones, however, could not be sampled satisfactorily using

the above method due to the scouring action of the water flow and

the aggregation of snails resulting from the exposure of the

artificial substrate. Therefore, in these areas a board was used

to dislodge the snails into a drift net located immediately down-

stream from the sampling point. In shallow bedrock areas (less than

5 cm deep), the snails were handpicked from the substrate and

counted. A total of 6 points were sampled each sampling period in

the 1st order stream, 35 points in Oak Creek, 50-60 points in Salmon

Creek, and 50 points in the Yaquina River. All counts of snail

populations are expressed as a mean plus or minus two standard

errors of the mean.



Life History

Samples of snails randomly collected at each site were

brought back to the laboratory for sex determinations, number of

mature eggs per female, degree of apparent parasitism and shell

weight-biomass measurements. Since there is no external sexual

dimorphism in 0. silicula (Ching 1957), the apex of the shell was

cracked and removed exposing the gonad on the dorsal surface of

the digestive gland. Degree of reproductive activity was judged on

the basis of yolk color in the females (a blue yolk signified a

mature reproductively active female while orange or red yolk

signified less activity) and the presence of mature sperm in the

males determined by making wet mounts of the testes. Mature egg

cells were counted in two portions of the ovary, each a tenth of

the total egg surface area. The counts were then averaged and

multiplied by ten to yield the approximate number of eggs carried.

A series of ten such counts were made on different females to yield

a mean number of eggs carried per female for the stream site.

Apparent parasitism was determined on the basis of gonadal destruc-

tion. A record was kept of the proportion of snails in each stream

site possessing unrecognizable gonads due to the presence of

trematode stages.

Other life history aspects such as mean number of egg masses

laid per meter
2
, mean number of eggs per mass and apparent mortality

were determined by direct observation at the stream sites. Shell
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weight-biomass relationships for each stream were determined for a

sample of at least 50 snails randomly collected. The snails were

blotted dry, weighed and boiled in water for ten minutes to facili-

tate removal of the body from the shell. The shells and bodies were

then weighed separately, the bodies dried in a drying oven for 5

hours at 70°C and then reweighed to get dry weights of shell-free

biomass. Boiling was found to increase the weight of snail body

by less than 5% compared to those extracted without boiling.



RESULTS

Population Dynamics

11

The results summarized in Fig. 2 suggest an inverse

relationship between stream order and mean snail density. All

streams showed peak densities in the October sampling period

following the egg hatch of the summer, though the greatest

increases occurred in the mid-order streams, Oak Creek and Salmon

Creek. Similarly, both these streams showed the greatest decline

in density during the winter sampling period. Both the 1st and

6th order streams exhibited little fluctuations in density during

the four sampling periods. Large changes in density occurred

seasonally depending on the microhabitat of the stream as shown in

the riffle and depositional zone results for Oak Creek (Fig. 3).

Between October and January, approximately 70% of the snails

removed from the riffle area could be accounted for in the

depositional zone. During the early spring, there appeared to be

a tendency for snails to move into the riffle zones again following

the gradual decrease in stream flow. This suggests different rates

of immigration and emigration between the riffle and depositional

zones for Oak Creek. A dampened redistribution was observed in

Salmon Creek (Fig. 4) with accumulation of snails occurring in

several small depositional pockets along the stream bank rather than

in the large depositional area.
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represent one standard error of the mean.
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The total snail biomass per meter
2

increased with stream

order in the four stream sites studied (Fig. 5). The increase in

biomass was due largely to an increasing proportion of larger snails

in the population (Fig. 6a and Fig. 6b). In every sampling period,

the proportion of larger snails (total fresh weight exceeding 300

mg) was greatest in Salmon Creek.

Of the larger snails (approximately 500 mg total fresh

weight) from the four stream sites and two additional coast range

streams sampled in April (Table 1), I observed an increase in the

shell:biomass ratio with increasing stream order. Since both the

shell weight and total mean dry weight of snails (shell plus bio-

mass) also increased, it is difficult to separate the effect of

snail size on the shell:biomass ratio from the effect of stream

order. However, there is a substantial increase in the shell:

biomass ratio between the 1st order site and Salmon Creek (4th

order) site respectively despite similar shell weights suggesting

the possibility of factors other than snail size causing the

increased shell:biomass ratio with increasing stream order.

Small snails appeared to be more abundant on cobble, gravel,

and bedrock substrates compared to silt while the larger snails

were proportionally more common on the silt substrate (Fig. 7). In

order to examine the distribution of each weight class of snails

in the stream, a CLUSTER analysis was performed on the October data

set for all streams with the aid of the CDC 3300 computer system at

Oregon State University. The program clustered sampling points
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Table 1 Shell to biomass ratios for a sample of 30 snails from
each stream site all of which are between 300 and 600 mg
total
during
minus

Stream

fresh weight blotted dry. Samples were
the month of April, 1976. All means are

one standard deviation.

Mean
Mean Shell Mean Dry

Order Weight (mg) .Biomass Weight

taken
plus or

Shell
Biomass

Tributary to
Oak Creek 1 223 ± 34 41 ± 17 264 5.38

Oak Creek 3 258 ± 39 46.5 ± 15.2 304.5 5.67

Salmon Creek 4 229 ± 37 24.7 ± 6.5 253.7 9.16

Marys River 4 255 ± 31 35.3 ± 7.2 290.3 7.24

Yaquina River 6 309 ± 48 22.6 ± 5.8 331.6 13.69

Siletz River 6 316 ± 43 26.1 ± 5.4 342.1 12.15
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Silt Gravel Cobble Bedrock

Totals for snails weighing > 300 mg total
fresh weight

0 Totals for snails weighing < 300 mg total
fresh weight

Figure 7. Total mean abundance and biomass for snails on the four
designated substrate types during the fall sampling period.
Means are based on 35 points for cobble, 45 points for
gravel, 25 points for bedrock and 61 points for silt.
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according to the degree of similarity in weight class abundance.

Five clusters of sampling points generated by the program were

interpretable on the basis of the sampling strategy used. Four

clusters corresponded to the four major substrate types encountered;

gravel, silt, cobble and detrital material. A fifth cluster of

points corresponded closely with the positions of egg masses in the

summer sampling period and appeared to be nursery areas for the

young hatchlings. The five clusters generated were then input to

the step-wise Discriminant Analysis to determine the discreteness

of the clusters and to obtain a plot of the clusters in discriminant

space for presentation. Figure 8 shows the computer plot of the

clusters indicating that the clusters are relatively close to the

grand centroid and are therefore not relatively discrete. In fact,

in terms of the snail distribution, the clusters were a part of a

continuous gradient differing with respect to factors other than

substrate type.

To approach the problem of snail distribution from a

different perspective, a multivariate analysis was used to deter-

mine correlations between the observed distribution of snails in

the stream and the environmental factors measured. Both Principal

Components and Canonical Correlation analyses were performed on the

October data set for all streams (the Cyber computer system at

Oregon State University). The results from Table 2 suggest that

most weight classes of snails are correlated with the depth of the

stream rather than the substrate type or the amount of cover
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Figure 8. Computer plot of five clusters of sampling points for
the October sampling period for all streams with the aid
of the step-wise Discriminant Analysis. The axes
represent distances (in discriminant space) from the
grand centroid of the entire data set. Stars indicate
the cluster means. S = silt points, N = nursery points,
G = gravel points, = detritus points, and C = cobble
points.
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Table 2. Multiple correlations and Canonical Correlation results
of weight classes of snails versus environmental para-
meters measured. All raw data for weight classes and
depth of substrate are transformed to natural logarithms.

Weight Class
Environmental Parameters

Substrate Depth Cover (Detritus)

I 0.3152 - 0.6730 0.2594

II 0.2076 - 0.8836 0.5582

III 0.7207 - 0.6888 0.5038

IV 0.9928 - 0.5812 0.1734

V 0.3053 - 0.9239 0.3251

Canonical Correlation

Total redundancy of weight class data given environmental data
set = 0.08.

Total variance extracted from weight class data set = 0.67.
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material such as detritus or moss. However, the result that only

8% of the variance in the snail abundance data are explained on the

basis of the environmental parameters measured, leads me to conclude

that either there are other factors that dictate the snail distribu-

tion or that the clustering of snails observed is somewhat random.

To determine whether certain sized snails avoid particular

substrates, a substrate-preference experiment was designed in one

of the artificial streams at Oak Creek. A plexiglass container

60 cm x 30 cm x 8 cm was filled with alternating "squares" of

washed gravel and washed silt obtained from the stream bed of Oak

Creek. Each compartment of substrate in the experiment was approx-

imately 12 cm x 15 cm x 8 cm. A mild current of stream water

(approximately 25 cm/sec) was allowed to pass directly over the

substrates. Ten snails of each weight class were then released at

the downstream portion of the container and their movements recorded

every 24 hours for three days. The results reproduced in Fig. 9a

suggest no inherent preference for either substrate, particularly

with respect to the smaller weight classes. A similar experiment

was run a second time with the exception that the silt squares were

made deeper than the gravel areas (approximately 8 cm depth in the

silt squares and 5 mm in the gravel squares). The results in

Fig. 9b suggest no preference for the gravel squares on the part of

the smaller snails with 12 out of 20 snails under 150 mg remaining

on the gravel squares. If, however, the same set-up is used but

the water current is slowed to 5 cm (see Fig. 9c), the smaller
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snails appear to prefer the gravel squares over the silt squares

(15 out of 20). Thus, it appears that the smaller snails prefer a

moving water situation more than a particular substrate.

Life History

Several aspects of the life history of 0. silicula changed

with increasing stream order. As shown in Table 3 the maximum

number of eggs deposited per meter
2

and the number of eggs per egg

mass were highest in the 3rd order stream. Further, in the higher

order streams the period of egg laying was restricted to May and

June while in smaller streams, the egg laying period proceeded from

late April to mid-July (Tables 4 and 5). However, the onset of egg

laying in controlled flow streams such as the Berry Creek experi-

mental stream or the artificial streams at Oak Creek occurred

earlier than in normally flowing streams of the same order. Sex-

ratios for each stream (Table 3) were variable although there was a

decrease in the proportion of females in larger streams. In all

cases, the sex of snails weighing less than approximately 150 mg

total fresh weight (< 10 mm in length) could not be determined

accurately due to the immature stage of the gonads. The sex of

snails weighing more than 150 mg could usually be determined for

both the 1st and 3rd streams while snails in the larger streams

weighing less than 250 mg were too immature to determine the sex

accurately. The number of females appeared to increase with snail

size in the 1st and 3rd order streams while in the 4th and 6th
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Table 3. Mean number of eggs per egg mass, maximum number of eggs
per meter2 and sex ratios for Oxytrema silicula at each
stream site. Two controlled flow streams, one at Berry
Creek and one at Oak Creek are included for comparison.
Sex ratios are based on 100 snails at each sampling
time. Mean number of eggs per mass are plus or minus
one standard deviation.

Stream
Sex-Ratio (male:female)

Number of
eggs per
egg mass

Maximum
number of

eggs/meter2June October January April

1st order
tributary
of Oak Creek 0.69 1.27 1.25 2.05 165 ± 35 1,100

3rd order
Oak Creek 0.75 1.38 1.52 2.10 260 ± 40 16,420

4th order
Salmon
Creek 0.92 1.29 1.64 1.85 110 ± 26 400

6th order
Yaquina
River 1.75 2.02 2.67 0

Berry Creek
(controlled
stream) 2.25 180 ± 33 3,200

Oak Creek
(artificial
stream) 2.10 800 ± 110 8,000
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Table 4. Average number of mature eggs per female based on a
sample of 10 females.

Stream Feb. March April May June July Aug; Sept.

Tributary of
Oak Creek 0 0 25 110 275 220 150 15

Oak Creek 0 0 35 180 350 430 135 20

Salmon Creek 0 0 20 200 310 100 0 0

Yaquina River 0 0 50 250 250 35 0 0



Table 5 Number of reproductively active females based on samples
of 30 females (possessing mature eggs).

Stream Feb. March April May June July Aug, Sept.

Tributary of
Oak Creek 0 0 2 12 25 21 16 2

Oak Creek 0 3 20 27 24 15

Salmon Creek 0 0 2 16 23 25 12 0

Yaquina River 0 0 3 15 21 6 0, 0
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order streams, females were more likely to be between 250-400 mg

than of greater weight. Furthermore, the incidence of parasitized

snails (due largely to various trematode stages) increased with

increasing stream order and increasing snail size (Table 6)

resulting in a higher proportion of snails in the larger streams

being reproductively inactive due to degradation of gonadal material.

A short-term experiment was designed to answer three

questions: (1) how many eggs could a female lay at one time, (2)

does a female lay more than one clutch per season, and (3) is there

a difference in the number of eggs laid by snails from Salmon Creek

and Oak Creek?

Eight large snails (exceeding 300 mg total fresh weight) were

collected from the riffle areas of both Salmon Creek and Oak Creek

in early March. These were placed in a plexiglass container sub-

divided into four compartments and the container placed in the Oak

Creek tributary. Each compartment was 20 cm x 15 cm x 8 cm. Large

cobble from Oak Creek was placed on the bottom of each compartment

with some dead alder leaves and the current was allowed to pass

through screened holes placed at either end of the container. Four

snails were placed in each compartment such that there were two

compartments each containing four Oak Creek snails and two compart-

ments each containing four Salmon Creek snails. The rocks were

examined at weekly interval for egg masses and any egg masses

observed were scraped off and the egg counted.
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Table 6. Proportions of snails taken from different streams that
were judged reproductively inactive due to severely
parasitized gonads. All measurements are based on 50
snails randomly
For description

Proportion
of snails
possessing
parasitized

Stream gonads

collected in each stream during
of weight classes see text.

Number of snails parasitized
in each weight class

April.

Proportion
of weight
class

5 snails
that were
parasitized1 2 3 4 5

1st order
tributary of
Oak Creek 0.00 0/15 0/8 0/12 0/10 0/5 0.00

3rd order
Oak Creek 0.08 0/16 0/11 0/9 1/6 3/8 0.75

3rd order
Simpson Creek 0.16 0/10 0/9 1/12 2/10 5/9 0.63

4th order
Salmon Creek 0.14 0/8 0/11 0/12 3/7 4/12 0.58

5th order
Yaquina River 0.12 0/13 0/11 0/6 1/7 5/13 0.83

5th order
Marys River 0.22 0/9 0/14 1/9 3/6 7/12 0.77

6th order
Yaquina River 0.24 0/9 0/6 0/10 2/11 10/14 0.86

6th order
Siletz River 0.30 0/4 0/3 0/12 1/12 14/19 0.92
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After a two-month period, a total of eight egg masses were

collected with a mean number of 600 eggs/mass and a standard devia-

tion of 180. There was no significant difference in numbers of eggs

laid between the Oak Creek and the Salmon Creek snails. Eight out

of the original 16 snails were females. One compartment of Oak

Creek snails had two males and two females with three egg masses

and the second Oak Creek compartment had one male and three females

with two egg masses observed. The first Salmon Creek compartment

had two males and two females with two egg masses observed while

the second compartment had three males and one female with one egg

mass observed. These preliminary results suggest that Oak Creek

snails are capable of laying more than one clutch per season while

Salmon Creek snails placed in Oak Creek may not. The extent of egg

production for both populations in isolated parts of Salmon Creek is

unknown. The above results also suggest that there is no inherent

difference in the number of eggs laid per clutch in both Salmon

Creek and Oak Creek snails.

Estimated mortality is plotted in Fig. 10 for all stream

sites. Mortality was generally highest in the January sampling

period although the increase in mortality at this time was greatest

in the 3rd and 4th order streams. Table 7 shows the mortality

estimates for each weight class in each stream site during January.

The weight classes given are based on shell aperture widths, which

correspond to the weight classes used. Most of the dead snails

were discovered on the stream banks following the winter floods,
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June October January April

Figure 10. Percent dead snails per meter2 recorded for each stream
site during each sampling period.
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Table 7. Mortality estimates and percent mortality per meter2 for
each weight class and each stream site during the
January sampling period. Mortality is based on counts
of dead and discolored shells both in stream and stream
bank samples. Classes used are size classes based on
shell aperture widths analogous to the five weight

Stream

classes usually observed.

Size Class

TotalI II III IV V

No. % No. % No. % No. % No. % meter2

Oak Creek
Tributary 8 16 0 0 1 .4 1 .8 0 0 10

Oak Creek 23 3 63 35 185 58 29 32 19 32 320

Salmon
Creek 0 0 5 10 8 16 32 32 19 4 55

Yaquina
River 1 3 3 3 4 5 11 16 16 13 35
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especially at the Oak Creek and Salmon Creek sites. Thus, the

mortality observed in O. silicula was either directly related to

the scouring action of the winter freshets or the result of already

dead snails being deposited by the freshets.

Patterns of Movement

On the basis of several short-term marking experiments in

Oak Creek and Salmon Creek, it was observed that O. silicula

generally moves upstream during periods of relatively low flow.

Distance travelled upstream per day varied however with the type of

stream microhabitat. Fifteen snails out of 75 originally marked

and released in the depositional zones of both streams moved a

maximum distance of 12 meters in 6 weeks while 60 snails out of 75

moved less than 8 meters upstream. Out of 100 marked snails

released in the riffle areas of both creeks in July, 1975 30 were

found between 8-10 meters upstream from the release point in two

weeks. During this same period, 5 out of 100 moved a maximum

distance of 5 meters upstream in two weeks in the depositional

zones. In the autumn, snails were observed to be clustered on the

allocthonous material in the stream. Out of 100 marked snails

released in the riffle area of Oak Creek in October, 18 were found

5 meters or more upstream after two weeks. The remaining snails

were found within 5 meters of the release point.

In order to determine patterns of snail establishment on

new allocthonous inputs, a short-term field experiment was devised
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in which two artificial debris dams each 0.03 m
2
were placed at two

different depths in the riffle area at Oak Creek. Snail abundance

was then recorded every two days for one week. The dam was then

removed and the snails replaced in the dam site. Snail abundance

was recorded again every two days for three weeks. The results

summarized in Fig. 11 suggest a fairly rapid colonization rate of

snails on new debris in shallow areas. An average of 33 snails/day

colonized the leaf dam with a peak density comparable to those

abundance records obtained at other debris dam sites during this

period. Allochthonous material in the deeper sites was not

colonized as quickly (6 snails/day) or to the same density as the

material in the shallow site suggesting an overriding preference

for shallow areas rather than detrital material.

Growth Rates on Periphyton

A set of short-term feeding experiments was done to compare

the weight gain for both Oak Creek and Salmon Creek snails feeding

on periphyton. Twenty snails from each stream, each weighing

approximately 30 mg, were placed in a trough at Oak Creek with

excess periphyton and a constant stream current of 50 cm/sec.

According to the diet selection theory of Shoener (1969), snails

living in Salmon Creek might be expected to more efficiently

utilize the periphyton material than Oak Creek snails since the

former generally encounter larger periphyton biomass relative to

allochthonous inputs. Presumably, the more efficient utilization
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Figure 11. Snail abundance in relation to formation and subsequent
removal of artificial debris dams in a riffle zone at
Oak Creek in October, 1975.
x indicates one dam site in which the water depth was

8 cm.
o indicates a second site in which the water depth was

30 cm.

Each site was .03 m2 in area. The arrow indicates the
time of dam removal.
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of periphyton by Salmon Creek snails would be reflected in more

rapid weight gain. The results in Table 8, however, indicate no

significant difference in weight gain between the two snail popu-

lations over a 4-month period (p = .05). Furthermore, Oak Creek

snails could grow rapidly on periphyton under controlled conditions.

Table 9 shows that Oak Creek snails, fed excess amounts of peri-

phyton in the summer period, gained up to 300 mg fresh weight over

a 4-month period. In addition, five of the Oak Creek snails, each

initially 30 mg fresh weight, were sexually mature males after Lhls

period which suggests that food abundance and/or food quality may

influence the timing of reproductive maturity as well as growth

rates. Similar snails in Oak Creek during the same period (when

the periphyton biomass was negligible compared to the trough)

showed much lower growth rates and all were sexually immature.
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Table 8. Mean weights of snails from Oak Creek and Salmon Creek
incubated in a trough with excess periphyton at Oak
Creek. Each mean is based on 20 snails. All means
are plus or minus one standard deviation.

Mean weight of Mean weight of
Date Oak Creek snails Salmon Creek snails

January 13, 1976 20.2 ± 2.2 20.6 ± 2.3

February 15, 1976 22.4 ± 2.5 24.7 ± 3.3

March 15, 1976 25.6 ± 2.9 27.2 ± 3.5

April 18, 1976 28.8 ± 2.3 30.1 ± 3.6



42

Table 9. Change in total fresh weight for a five-month period
in snails taken from Oak Creek and incubated either
in the stream or in troughs, the latter of which, had
an abundant periphyton cover. Each mean is based
on a sample of 20 snails. All means are plus or minus
one standard deviation.

Date

May 7, 1975

June 1, 1975

July 5, 1975

August 2, 1975

September 3, 1975

October 5, 1975

Mean weight of Mean weight of
snails in trough marked snails In stream

44.7 ± 15

52.2 ± 6

102.4± 35

138.2 ± 42

188 ± 27

235 ± 45

43.5 ± 12

47.6 ± 15

52.2 ± 18

58.8 ± 15

63.4 ± 17

68.5 ± 20
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DISCUSSION

Although population dynamics and life history of many

gastropods have been investigated in recent years, few of these

studies explored the relative importance of specific environ-

mental factors in regulating the population structure. Examples

include Strandine's (1941) study of the land snail Siccinea

ovalis, Dazo's (1962) work on the stream snails Goniobasis

livescens and Pleurocera acuta, Frank's (1964) investigation of

the intertidal limped Acmaea digitalis and Foin's (1967) thesis

on the stream snail, 0. proxima. Some studies have attempted to

quantify the age structure and growth rates of various gastropods,

however, only one stream site was used in these cases (Eisenberg

1966, Gillespie 1966, Hunter and Grant 1966, Stiven and Walton 1967,

Coutinho and Coutinho 1973).

Literature concerning O. silicula specifically is scant

despite the abundance of O. silicula in the coastal streams of the

northwest. Ching (1957) described the morphology of the snail

citing many structural similarities (particularly with regard to

the reproductive system) with other prosobranch gastropods and

lymnaeid snails. Earnest (1967) studied the production rates of

this species with respect to two factors; shaded versus unshaded

sections of stream and high eutrophication (artifically induced

with sucrose) versus low eutrophication. All sites were located in

the controlled flow section of Berry Creek (located approximately
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10 miles north of Corvallis, Oregon) and therefore, the effect of

scouring action and changes in water volume were eliminated.

Production was found to be highest in the spring especially in the

shaded sections which were enriched with sucrose. Earnest (1967)

attributed the higher production to faster decomposition rates of

allochthonous materials in these sections therefore increasing the

amount of available detrital material for O. silicula. The increase

in production, however, was directly related to a decrease in morta-

lity under eutrophic conditions and not to a difference in growth

rates. The mortality results obtained by me are not comparable to

those obtained by Earnest (1967) since the scouring action of

winter freshets was absent in the latter work. In the present

study, there appears to be a general decrease in mortality during

the winter with increasing stream size which may be related to the

decrease in scouring action observed with increasing stream order.

As predation on O. silicula could not be assessed, it is

unknown to what degree this factor affects the mortality observed

and the resulting weight class abundances. Gebhart (1966) has

recorded snail shells of O. silicula in the gut of the cutthroat

trout (Salmo clarki) and Murphy (personal communication) has

observed snails ingested by the giant Pacific salamander

(Dicamptodon ensatus). It is likely, though, based on gut analysis,

that O. silicula constitutes a minor part of the diet of both

predators due to the protective shell and operculum which allows

the snail body to be fully retracted inside the shell. Accurate
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estimates of both predation and mortality in 0. silicula are points

for further investigation.

I observed an increase in mean biomass per unit area with

increasing stream size and a decrease in snail density with stream

order. Usually, there is a rise in snail density during the summer

and fall following the egg hatch. The amount of increase appears

to be uncorrelated to stream size as both the smallest and largest

streams show relatively minor fluctuations in density. During the

winter and early spring, a decrease in density was observed

especially in the 3rd and 4th order streams. Although more dead

snails appeared in the samples at this time, a large part of the

decrease appears to be due to a redistribution of snails in the

stream such that many individuals were temporarily inaccessible

either because they were forced under the stream banks or pushed

down in the substrate. Redistribution and subsequent deposition of

materials was highest in the 3rd and 4th order streams and lowest

in the 6th order stream.

Foin (1967) and Foin and Stiven (1970) reported a similar

relationship between density, biomass, and stream width for the

East coast related species 0. proxima. Furthermore, Foin (1967)

found mortality to be independent of snail density and snail age

especially in the smaller streams, which is fairly typical for

0. silicula based on my results. However, he reported a depressed

fecundity of snails in the smaller streams (presumably being

resource limited) which does not appear to be the case for 0.
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silicula. One possible explanation for this discrepancy is that

0. proxima is not subjected to the severe winter freshets commonly

observed in streams on the northwest Pacific coast. Thus, it would

be adaptive for O. silicula to have a relatively high fecundity

under these conditions to offset the high mortality occurring during

the winter and early spring.

Gastropods are flexible in adapting to different environ-

ments without any apparent changes in the genotypes themselves

(Fretter and Graham, 1962). Burky (1971) demonstrated increased

growth rates, number of eggs per female and numbers of generations

per year in the stream limpet Ferrisia rivularis with increased

primary production in the stream. Hunter (1975) was able to demon-

strate shifts in the reproductive strategies and population

structures of the snail Lymnaea palustris relative to the extent of

stream eutrophication. Those that lived in more eutrophic streams

had a higher clutch size, and shorter mean generation time compared

to those living in less eutrophic streams. On the basis of several

transplant experiments, Hunter (1975) observed that this snail

showed a high level of phenotypic plasticity, as snails formerly

from less productive streams would show higher clutch sizes and

shorter mean generation times when placed in streams with higher

primary production. Similar results were obtained for four species

of freshwater snails in Loch Lomond (Russel-Hunter 1961). Schaffer

and Elson (1975) reported increased survivorship and mean biomass

of the Atlantic salmon (Salmo salar) with respect to "river
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harshness" defined in terms of numbers of debris dams and other

obstacles in the stream which impeded the salmon's spawning

migration. Hynes (1971) discussed trends observed in life history

patterns of stream insects with respect to different environmental

parameters. Thus, it is not unusual to find differences in

reproductive strategies and life history patterns in a species

inhabiting several different kinds of streams.

There are two general ways a cline in life history pattern

can arise; either it is environmentally induced upon the phenotype

or it is the result of selection on the genotypes along the stream

continuum. In the example previously cited by Hunter (1975), the

difference in reproductive strategies appears to be a phenotypic

response in the snail. This is in contrast to ancylid stream

gastropods such as Ansylus fluviatilis (Russel-Hunter 1961) and

stream plecoptera (Kerst and Anderson 1974) which have distinct

subspecies in response to the environmental changes along the

stream continuum. In discussing clines or gradients with respect

to specific morphological features of a species, Mayr (1970)

states: "Clines are ultimately the product of two conflicting

forces: selection which would make every population uniquely

adapted to its local environment and gene flow which would tend to

make all the populations of a species identical."

It appears that 0. silicula has not yet diverged into

separate species despite differences in food types, stream morpho-

logy, and flow patterns observed over the range of stream orders
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studied. According to,the hypothesis put forth by Mayr (1970), this

is probably the result of considerable gene flow along the stream

continuum. I did observe some snail movement over one year

including the active migrations upstream in the summer and fall and

the passive movement downstream with the winter freshets. Similar

results have been recorded for the amphipod Gammarus pulex (Hughes

1970) and various species of plecoptera (Kerst and Anderson 1974).

However, the probability of a snail born in one stream order and

reproducing in a different stream order is not known. That is, the

extent of gene flow along a stream continuum has not been estab-

lished. Furthermore, there is some experimental evidence that gene

flow may not reduce the tendency towards speciation along an

environmental gradient (Erhlich and Raven 1969, Endler 1975). Yet,

I observed several distinct populations of 0. silicula in the

streams studied, differing with respect to size structure, fecun-

dity and perhaps survivorship.

The observed snail population size structure varied such that

there was a general increase in the proportion of large snails with

increasing stream order. The size distribution of snails in a

stream is probably the result of three interacting factors:

(1) survivorship, (2) fecundity of the population, and (3) size-

specific growth rates. Although accurate aging of the snails was

not possible, I obtained some evidence in support of increased

snail survivorship with increasing stream order. During the winter

sample, when mortality was highest for all streams, I observed a



49

decrease in the percentage of small dead snails (as a function of

the number of small snails in the population) with increasing stream

order. This result suggests that snails may have an increasing

probability of reaching a large size as stream size increases.

The population structures of the 1st and 3rd order streams, however,

were similar despite large differences in percent mortality

probably because of differences in snail fecundity between the two

streams. Snails in the 3rd order stream had the largest fecundity

of the four streams studied and the highest percent mortality

during the winter while the 1st order population had relatively low

mortality and low fecundity. Thus, the differences in fecundity and

mortality between populations in the 1st and 3rd order streams

appeared to offset each other producing similar size structures.

The decreasing fecundity among the 3rd, 1st, 4th, and 6th

order snail populations respectively, is perhaps the result of an

interaction between the morphology of the stream, available nutri-

tion and the rate of parasitic infection. I observed most egg

masses under cobble-sized substrate (30-50 cm diameter) and all eggs

were found in shallow riffle areas. Since these habitats occurred

less frequently with increasing stream order, the number of eggs

laid and successfully hatched per reach of stream would be expected

to decrease with increasing stream size. This is supported by the

fact that Salmon Creek (4th order) snails'laid the same number of

eggs per mass as Oak Creek (3rd order) snails when placed in pens

with cobble substrate rather than gravel substrate (5-15 cm
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diameter), the latter of which is more common in Salmon Creek.

In addition, differences in pattern of flow between streams

as determined by the stream morphology, may also influence the

fecundity of O. silicula. Snails in controlled-flow streams at

Berry Creek and Oak Creek showed earlier reproductive activity and

depressed fecundity relative to snails in free-flowing streams of

the same order. Perhaps, then the production and survival of eggs

in the stream is partly dependent on the stream flow rates.

Although stream morphology may affect the survival of snail

eggs laid, it is unlikely that changes in substrate size and stream

flow rates resulted in the observed relationship between the number

of mature ova per female and stream order. As both the types and

quantity of food material change with stream order, it is possible

that there exists a relationship between the available nutrition

for snail growth and reproduction and stream order.

Preliminary experimental evidence supports the view that

food quantity and/or quality is relatively important in regulating

the phenotype of O. silicula with respect to growth and fecundity.

Under controlled conditions of excess periphyton and low stream

velocity, I found that Oak Creek snails gained approximately ten

times more weight than snails living in Oak Creek. In addition,

some small snails were sexually mature after five months of feeding

on periphyton, which suggests that reproductive maturity as well as

growth rates of O. silicula are influenced by food abundance and/or

food quality. Contrary to the study by Hunter (1975), fecundity of
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0. silicula appears to decrease in streams with high autotrophic

biomass. Perhaps snails living in the smaller streams might have

a broader food base than those in larger streams both in terms of

food types and the length of time food is available. This may

partially explain why snails in Salmon Creek hatch by the early

summer, when the autotrophic production is presumably at its

maximum, while those in Oak Creek and the 1st order tributary are

hatched through the summer and early fall prior to leaf fall.

The observed differences in fecundity and population

structure of O. silicula in the four stream orders could conceivably

be the result of differences in the food types usually encountered

in each stream. Those snails living in streams of 3rd order and

smaller would most likely encounter allochthonous material as a

food source. Snails living in 4th and 5th order streams would

often encounter periphyton and those snails living in streams

greater than 5th order would feed primarily on the available fine

particulate material. The observed fecundity and size structure of

O. silicula may depend on how the available energy is utilized by

the snail population. Differences in the way energy is utilized

for snail growth, maintenance, and reproduction between stream

populations may be a phenotypic response on the part of the indivi-

dual snail dependent on the following factors: (1) the time during

the year a food type is present in the stream, (2) the nutritive

content of the food material usually present, and (3) the probabi-

lity of a food type being encountered by the snail which is a
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function of the relative abundance of each food type and the stream

morphology which may affect the search time of the snail.

According to the stream continuum concept, each population

should be adapted for efficient processing of their respective food

types. Preliminary evidence based on feeding experiments with small

weight snails from both Oak Creek and Salmon Creek, under controlled

conditions, did not show significant differences in weight gain

during a three-month period from January to March. Since the snails

were feeding entirely on periphyton material, one might have

expected the Salmon Creek snails to show a higher weight gain being

more efficient at utilizing this type of resource. Although more

studies of this type need to be done before conclusions can be

reached, there is at least a suggestion that 0. silicula is flexible

to the point that it utilizes all available food types with a

certain degree of efficiency regardless of which stream population

the individual snail is from.

Shoener (1969), on the basis of his time-energy model

concerning feeding strategies, predicted a generalist feeding

strategy when food resources fluctuate in abundance. In this

situation it would be selectively advantageous for O. silicula to

minimize the time spent searching for food rather than maximize the

energy intake. Since both allochthonous and autochthonous inputs

are usually seasonal in nature, relative food abundance may be

more important to snail growth and reproduction than differences in

food quality between stream orders thus diminishing the selective
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advantage for more efficient utilization of one particular food

type. Thus, the food quality and/or quantity may fluctuate widely

in streams, increasing the advantage of a generalist feeding

strategy. Hunter (1975) suggests that snails such as Lymnaea

palustris and 0. silicula, inhabiting the air-water interface,

occupy a relatively broad niche in terms of stream microhabitat and

therefore are under selective pressure to generalize their feeding

habits, accounting for the flexible phenotype. This hypothesis

could explain the relatively poor correlations between weight

classes of snails and substrate type but the high correlations

between weight classes of snails and depth. This is further

supported by the Canonical Correlation analysis and the substrate

preference experiments both of which indicate that the snail

distribution in the stream is not necessarily a function of sedi-

ment type and therefore, in this respect, could be considered

fairly generalized.

Aside from different patterns of energy utilization, one

other parameter that should be considered for the observed varia-

tion in size structure and fecundity of 0. silicula with stream

order is the degree of gonadal parasitism due to trematode

infection. Fretter and Graham (1962) and Erasmus (1972) discuss

the environmental and biological constraints governing the distri-

bution of a parasite. For a parasite to be successful in a given

location, the proper hosts must be present during the different

parts of the parasite's life cycle in addition to favorable
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temperatures Eor dispersal of the parasite. Thus, it is not

surprising that the degree of gonadal infection is greater in the

wider, more open streams where the mean temperatures in the summer

and early fall often are above 20°C. Furthermore, the determinate

hosts are usually more abundant in the larger streams per reach,

particularly various trout species and some ducks (Baldwin 1967),

thus completing the life cycle of the trematode more successfully.

Law (1976), in his work on 0. silicula, found at least 16 different

species of trematode cercaria in the digestive diverticula and the

gonad of this species. In most cases, the infection results in at

least partial castration which cannot be reversed (Law 1976).

Fretter and Graham (1962) cite several instances of prosobranchs in

which the males are parasitized at a greater rate than females

presumably due to the relatively active condition of the testes all

year round whereas the ovary is active for only short periods of

time. Specifically, Littorina littorea and Hydrobia ulvale show a

definite seasonality of ovary activty (Fretter and Graham 1962).

The results from the present study, however, do not corroborate the

above statements.

Except for the April sample, there is an increasing male to

female sex ratio with increasing stream order. There are three

possible explanations for the observed trend; as stream order

increases (1) proportionally more males than females are born into

the population after which both have an equal chance of survival,

(2) females suffer a higher rate of mortality than males, and
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(3) females suffer a higher rate of gonadal parasitism than males.

The first two explanations are believed to be inapplicable based

on my observations and results obtained for other members of this

family (Fretter and Graham 1962). Erasmus (1972) observed that the

third explanation, however, is not uncommon in gastropods since the

ovary usually serves as a richer food supply for the parasite than

the testes. Thus, the cercariae would be more numerous in the

ovary, and obligerate the gonad. Whether males and females are

differentially susceptible to trematode infection based on the

spatial distribution of each is not known although it is thought

unlikely (Fretter and Graham 1962).

Why are smaller snails not affected by the trematode

infection such that they become reproductively inactive? Differen-

tial rates of parasitism depending on the age of the snail have

been reported by Fretter and Graham (1962). Younger snails often

tend to be aggregated where they were hatched and may be sheltered

initially from infection due to the protective nature of the micro-

habitat. Indeed, it was this principle which allowed Coutinho and

Coutinho (1973) to model the age structure of the planorbid snail

Biomphalaria glabrata in relation to the degree of infection of the

trematode parasite Schistozoma. Based on the spatial distribution

of the size classes of 0. silicula and the results of the CLUSTER

analysis, there does appear to be an aggregation of smaller snails.

Also, a time lag before the parasite can get established in the

host may account for the increased rate of gonadal parasitism with
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snail size. Similar results were obtained by Gebhardt (1966) for

O. silicula in three coastal Oregon rivers with respect to infection

by the trematode Nanophyetus salmincola (Chapin). Approximately 30%

of the snail population in each stream was infected with this para-

site, most of which occurred in snails with shell aperture widths

of at least 9 mm (approximately 350-400 mg total fresh weight).

In addition to the possible effects of gonadal parasitism on

the reproductive output of a given snail population, the increasing

rate of trematode infection with increasing stream order may also

influence the size structure of the population. Wesenberg-Lund

(1934), Rothschild (1941) and Fretter and Graham (1962) have reported

increases in snail size in relation to the degree of parasitism.

When a snail becomes infected, the food consumption rate often

increases in order to sustain both the snail and the parasite. The

increase in rate of consumption and, hence, the snail size, would

be advantageous to the parasite since a greater number of cercaria

could be supported. Thus, it would be a selective advantage for

the trematode to induce giantism in the snail host. Those specimens

of O. silicula which were exceptionally large were nearly all

parasitized to the extent that the gonad was obliterated. Thus,

there appears to be a correlation between gonadal parasitic

infection and the snail size. Furthermore, this may account for

the presumed increase in shell:biomass ratio in larger weight snails

with respect to stream order. Perhaps more energy is allocated for

shell growth when the gonadal infection is high since the energy
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can no longer go toward reproduction. If this is the case, then

according to my hypothesis female 0. silicula would be expected to

have a higher shell:biomass ratio than equal weight males due to

the supposed increase in infection rates in females. This informa-

tion, however, has not been obtained in this study nor has this type

of trend been investigated for other gastropods. It is also not

known whether the increase in maximum size of 0. silicula with

increasing stream order is caused by trematode infection or is the

result of snails tending to live longer in the larger streams thus

having more time to harbor parasites. Until a reliable aging

technique is deviSed (independent of phenotypic variations), this

point cannot be clarified.

Although the niche requirements of 0. silicula appear to be

relatively unspecialized compared to most other stream benthic

invertebrates, it appears to be excluded from headwater streams and

deeper rivers particularly in and around the tidewater areas

(Gebhardt 1966). Perhaps this is because it has not yet radiated

out to these areas (Henderson 1935) and/or it has not adapted

physiologically and behaviorally according to the environmental

demands in these habitats. Thus, the snail populations occupying

these sections of stream would be considered marginal populations

and those living in the middle order streams (2nd and 3rd order

perhaps) would comprise the central population (Emlen 1975). This,

however, raises questions considering the predicted life history

and reproductive strategies of marginal versus central populations.
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According to MacArthur and Wilson (1967), those living in central

portions of the range are well adapted behaviorally and physiologi-

cally to the habitat exhibiting a type of K strategy in which the

reproductive output is relatively balanced against the mortality

rate but competitive ability and survivorship are high. Populations

living in marginal areas, however, exhibit a type of r strategy with

most of the available energy being used to maximize the reproductive

effort rather than survivorship or competitive ability. 0. silicula,

however, appears to have an r strategy (King and Anderson 1971) in

the central part of its range where the reproductive output is high

and the survivorship apparently low. In addition, its numbers

fluctuate more widely during the year than the populations living

in the marginal areas. An explanation for this apparent paradox

lies in a confusion between the terms stability and stationary.

Although the Oak Creek population may not be stationary throughout

the year in terms of abundance and distribution compared to the

larger streams studied, this conveys no information concerning the

relative stability of the populations. Furthermore, since O.

silicula appears to prefer the air-water interface, it is likely

that it should be adapted to fluctuating water levels and scouring

action. Therefore, it may be adapted to its central range where

its density is highest without necessarily having been selected for

increased survivorship and competitive ability as such.
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Figure la. Oak Creek tributary (first order), Benton County,
Oregon. June, 1975 sample.
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Figure lb, Oak Creek tributary (first order). October, 1975
sample.
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sample.

Cobble

Clay

(14.)
Sampling point

111
Detritus present

65



66

Cobble

Clay

(:)
Sampling point

Detritus present

Figure id.. Oak Creek tributary (first order). April, 1976
sample.
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Figure 2a. Oak Creek (third
order), Benton County,
Oregon. June, 1975
sampling period.
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Figure 3a. Salmon Creek (fourth order), Lincoln County,
Oregon. June sample.
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