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ABSTRACT

Thirty-seven freshwater sponge populations were found in 25 lakes in Western 

Montana. Three species were identified: Eunapius fragilis (E.f.), Spongilla lacustris 

(SI), and Ephydatia muelleri (E.m.). In an effort to describe factors correlating with 

sponge distribution, limnological data were obtained from 16 of the lakes which 

contained sponges and an additional 9 lakes where no sponges were found. New 

limits of tolerance with respect to hardness (E.m.,E.f), magnesium (E.m., S.I.), silica 

(E.m., S.I.), calcium (E.m ), and conductivity (E.m.) were established . Reasons for 

the lack of findings in regard to differences between species habitats are discussed and 

attributed to the similar habitat requirements for the three species found in Western 

Montana. These species are essentially cosmopolitan and are commonly found in 

association with one another. Spicule measurements greatly expanded previously 

recorded size ranges. This great size variation plus spicule malformation are discussed 

as points which lead to the difficulty of using spicule morphology as the major 

indicator for species identification. The need to look more closely at factors such as 

food preference and interspecific competition is discussed as a means for more 

specifically defining a species' ecological niche, especially in species which commonly 

associate with one another.

*

iii



LIST OF ILLUSTRATIONS

a

Fig. 1. Gemmule cluster of Eunapius fragilis.........................................................................12

Fig. 2. Eunapius fragilis on the underside of a log (pond adjacent to Bailey's Lake).....12

Fig. 3. Smooth megascleres and spined gemmoscleres of Eunapius fragilis................... 13

Fig. 4. Abnormal megascleres of Eunapius fragilis (Diamond Lake)................................13

Fig. 5. Finger-like branches of Spongilla lacustris (Salmon Lake).................................... 18

Fig. 6. Smooth megascleres and small spiny microscleres of Spongilla lacustris............ 18

Fig. 7. Sparse gemmoscleres on Spongilla lacustris gemmule..........................................20

Fig. 8. Encrusting and lobate growth form of Ephydatia muelleri (Salmon Lake)........ 20

Fig. 9. Birotulate gemmoscleres of Ephydatia muelleri.................................................23

Fig. 10. Malformed birotulate gemmoscleres of Ephydatia muelleri (Cedar Lake).........24

Fig. 11. Unidentified sponge growing next to green specimen of Ephydatia muelleri
(Cooper's Lake)........................................................................................................... 28

Fig. 12. Megascleres of Ephydatia muelleri..........................................................................28

Fig. 13. Distribution of sponge species..................................................................................29

Fig. 14. Interquartile ranges of silica.......................................................................................31

Fig. 15. Interquartile ranges of alkalinity................................................................................32

Fig. 16. Interquartile ranges of calcium.................................................................................. 33

Fig. 17. Interquartile ranges of conductivity.......................................................................... 34

Fig. 18. Interquartile ranges of total hardness....................................................................... 35

Fig. 19. Interquartile ranges of magnesium............................................................................36

Fig. 20. Interquartile ranges of pH..........................................................................................37

Fig. 21. Interquartile ranges of total organic carbon............................................................. 38

iv



Fig. 22. Interquartile ranges of elevation.................................................................................39

Fig. 23. Eunapius fragilis growing over layer of Ephydatia muelleri gemmules.............43

v



LIST OF TABLES

Table 1. Comparisons of ranges for spicule dimensions in populations of Eunapius
fragilis......................................................................................................................... 15

Table 2. Comparisons of ranges for spicule dimensions in populations of Spongilla
lacustris............................................. ........................................................................ 15

Table 3. Ranges of physical and chemical habitat measurements of Eunapius
fragilis........................................................................................................................ 16

Table 4. Ranges of physical and chemical habitat measurements of Spongilla
lacustris.....................................................................................................................21

Table 5. Comparisons of ranges for spicule dimensions in populations of Ephydatia
muelleri..................................................................................................................... 25

Table 6. Ranges of physical and chemical habitat measurements of Ephydatia
muelleri........................................................................................................................ 26

Table 7. Three month comparison of chemical/physical variables for Salmon
Lake............................................................................................................................ 40

Table 8. Comparisons of chemical means and ranges for collection sites at extreme
sponge densities in Western Montana....................................................................41

Table 9. Frequency of associations among species of sponges from Western
Montana...................................................................................................................... 42

Table 10. Results of chemical analyses from lakes sampled.................................................52

Table 11. Location of sites sampled....................................................................................... 53

Table 12. Additional sites included in distributional data..................................................... 55

e

vi



INTRODUCTION

No studies have been published on the freshwater sponges of Montana. In general, 

the literature on freshwater sponges of the Western United States is sparse (Williams,

1980; Rader, 1984; Cheatum and Harris, 1953). Also, few authors, regardless of 

geographic region, have concentrated on understanding the factors influencing species 

distribution on a regional level. The only major regional studies that have been done are in 

Wisconsin (Jewell, 193 5), Louisiana (Poirrier, 1969), Australia (Racek, 1969), Colorado 

(Williams, 1977), and Eastern Canada (Ricciardi & Reiswig, 1993).

What determines species distribution can be considered on several levels. From a 

broad perspective, biogeographic factors influence the distribution of sponge species. On a 

local level, the general environmental conditions that exist within a lake or stream will 

control the presence of a certain sponge species. Within a lake or stream that is suitable 

for sponge growth, finer-scale environmental features such as substrate, light, and wave 

action can affect sponge where a sponge grows (Frost, 1991).

With the present study, I hope to add to the information about freshwater sponges, 

particularly those in Western Montana. The specific goals are to:

1. ) identify the species of freshwater sponges found in Western Montana;

2. ) determine the distribution of these sponges and the chemical factors 

correlating with this distribution;

3. ) describe any other habitat characteristics that correlate with species 

distribution.
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LITERATURE REVIEW

The vast majority of North American freshwater sponges belong to the family, 

Spongillidae, which in turn belongs to the class, Demospongiae, the most diverse of the

• four major groups in the sponge phylum, Porifera (Frost, 1991). Sponges are the simplest

organisms in the animal kingdom. Their highest degree of organization is the tissue level, 

and specialized cells accomplish the basic biological functions (Frost, 1991).

Freshwater sponges are sessile filter feeders found attached to submerged surfaces. 

They are capable of filtering water at high rates and can effectively remove particles 

ranging in size from large unicellular algae to bacterial cells less than 1 pm in diameter 

(Frost, 1991).

Sponges may reproduce both sexually and asexually. It appears that each sponge is 

either entirely male or female with reproductive cells being derived from other, more 

common sponge cells (Frost, 1991). An egg is fertilized when sperm, which was released 

into the open water, is taken up by the female sponge. The resultant larvae are released 

after extensive development. The larvae swim until they settle onto a substratum. Here 

they quickly metamorphose into adult sponges.

Asexual reproduction may simply be via fragmentation or it may be through a 

complex process of gemmule formation. Gemmules are formed by structures of the active 

sponge regressing into a mass of cells surrounded by a resistant coat. Gemmule formation 

occurs at periods of environmental stress such as drought or cold. It also aids sponges in 

dispersing to new habitats (Frost, 1991).

Frost (1991) and Pennak (1978) are two comprehensive sources for general 

freshwater sponge biology. For freshwater sponge identification, Penney and Racek 

(1968) are the prevailing authorities.

In 1968, they published a major taxonomic revision of the genera in the family, 

Spongillidae. They list a total of 95 species and 18 genera worldwide. This taxonomic
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revision has become the basis for most identifications since that time and is used in the 

present study as well.

Because freshwater sponges display a wide variety of morphologies ranging from 

encrusting to lobate to finger-like and because size and shape can vary greatly within a

• species, general morphology is rarely of use in sponge taxonomy (Frost, 1991; Williams,

1977; Pennak, 1978). Environmental conditions such as type of substrate, water 

chemistry, and water current have all been shown to affect sponge morphology (Manconi 

and Pronzato, 1991; Rader, 1984; Jewel, 1935; Belas et al.1989; Poirrier, 1969).

Although there are some species-associated differences in surface characteristics (e.g., 

Eunapius fragilis has characteristically large oscula), these differences are also influenced 

by habitat characteristics and rarely aid in identifying species.

The color of freshwater sponges, which varies from white to tan to green, is also 

not diagnostic (Penney and Racek, 1968). A green color denotes the inclusion of 

unicellular symbiotic algae. These zoochorellae have not been shown to be required for 

sponge metabolism but do aid in better sponge growth (Pennak, 1978; Gilbert and Allen, 

1973). Color may vary within species and within a specific colony. For example, the 

portion of a sponge growing under a rock may be tan but the portion that is growing up 

the side of the rock exposed to sunlight may be a bright green. Frost (1991) suggests that 

at least those species with symbiotic algae may be limited by light but those less dependent 

on symbiotic algae may thrive in habitats with limited light such as underneath a 

substratum, or where water is darkly stained because of dissolved organic materials.

Instead of morphology or color, freshwater sponges are identified primarily by 

characteristics of spicules and features of intact gemmules such as position in the sponge, 

thickness of pneumatic layer (i.e., gemmule coat), and position of the micropyle (Williams, 

1977).

Spicules are siliceous structures which make up the mineral skeleton of freshwater 

sponges in the Spongillidae. There are three kinds of spicules which may be present in a
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sponge. Megascleres are the needle-like spicules of the main skeleton, and microscleres 

are smaller spicules which may or may not be present (Williams, 1977). In most species, 

gemmoscleres, which are spicules formed only within the gemmule, are embedded within 

the pneumatic layer (Frost, 1991). To successfully identify a species, it is necessary to

• observe all the types of spicules that occur.

Lakes, streams, bogs, and ponds have all been found to contain freshwater sponge 

populations (Pennak,1978). Within these habitats, sponges have been observed growing 

on a wide variety of substrata (e.g., logs, rocks, pebbles, aquatic macrophytes, clams, and 

man-made objects such as dams and piers) (Frost, 1991; Manconi and Pronzato, 1991). 

Few species can grow in soft sediments. Notable exceptions are Spongilla lacustris and 

Ephydatia muelleri (Frost, 1991).

Sponges are usually found in waters less than 2 meters deep (Frost, 1991; Pennak, 

1978). Colonies are seldom found in extremely rapid waters, and in general, sponges 

found in running water are smaller and more encrusting, showing little or no branching 

(Pennak, 1978).

Often two or three different species are found together in the same lake. It is less 

common to find four and rare to find five or six (Pennak, 1978). Ephydatia muelleri, 

Eunapius fragilis, and Spongilla lacustris are often associated with each other (Jewell, 

1935; Ricciardi and Reiswig, 1993) and are widely occurring species (Penney and Racek, 

1968; Pennak, 1978).

Different authors have described different optimum habitats for sponge growth. 

Jewell (1935,1939), who has done seminal work in sponge ecology, considers calcium 

levels to be the single most important factor in determining distribution patterns in the 

species she studied. She concludes, "the apparent correlations between sponge 

distribution and conductivity, bound CO2, and magnesium are due to the dependence on, 

or correlation of, these factors with the calcium bicarbonate content of most of the natural 

waters in (Wisconsin)" (1939). Belas et al. (1989), in a study of the effects of calcium,
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magnesium and sodium on the growth of Ephydatia fluviatilis, found all three elements 

have significant effects on sponge growth rate and that there are significant interactions in 

metabolism of the three elements. They concluded that calcium was an important element 

in positively influencing sponge distribution and magnesium also, although to a lesser

• extent. Sodium usually influences sponge distribution in a negative manner.

Poirrier (1969) and Racek (1969), on the other hand, found hydrogen ion 

concentrations to be a deciding factor in distribution with the exception of some species 

from the genera Eunapius and Ephydatia which occur over a wide range of pH values. 

Racek (1969) also found that hydrogen ion concentration has a marked effect on the 

differences in spicules. For example, Eunapius fragilis, has more slender spicules and 

differently spined gemmosceleres in a more acidic environment (Racek, 1969).

Williams (1977) did not find hydrogen ion concentration to be significant in overall 

sponge distribution, nor did the species differ much in pH ranges. However, Williams 

commented that both Poirrier and Racek found that hydrogen ion concentration becomes 

restrictive when conditions are more acidic and that Colorado, her region of study, did not 

contain many acidic water sites (1977).

Jewell (1935) found silicon concentration to be a limiting factor only in the case of 

some strongly skeletonized forms. However, the amount of silicon present correlates with 

the size of spicules and spicule abundance and morphology (Jewell, 1935; Harrison, 1974; 

Williams, 1977). In water containing less than 1.0 ppm SiO2, Eunapius fragilis has a 

poorly developed skeleton and with a concentration of less than 0.56 ppm, the 

microscleres of Spongilla lacustris exhibited no microspines (Pennak, 1978; Jewell, 1935). 

Strekal and McDiffett (1974) in an z« vitro study, found that Spongilla fragilis (Eunapius 

fragilis) grew in a medium without SiO2 but that no spicules were formed.

Poirrier (1969) demonstrated experimentally that varying chemical conditions can 

cause spicule malformation. He thinks this accounts for taxonomic confusion in 

distinguishing between such species as Ephydatia robusta and Ephydatia fluviatilis.
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Other factors such as low temperatures or a short growing season such as that 

found in Colorado may further reduce spicule size (Williams, 1977). Temperatures also 

affect the development of a thick gemmular pneumatic layer (Williams, 1977). For 

example, Spongilla lacustris, a Northern Hemisphere species with a subarctic and cold-

♦ temperate distribution has either an absent or poorly developed pneumatic layer. This

same species from southern or central Europe has the well-developed pneumatic layer 

(Penney and Racek, 1968). Poirrier (1969) speculates that variations in development of 

pneumatic layer occur as adaptations to conditions in which the gemmule is exposed to 

drying. He goes on to say that if conditions are such that gemmule drying is possible, 

gemmules are produced with a thick pneumatic layer and numerous robust gemmoscleres. 

If these conditions are unlikely, the thick pneumatic layer and accompanying 

gemmoscleres does not form.

Differences in skeletal structure are also found in sponges occurring at each end of 

a drainage system with extremes in conditions (Racek, 1969). The Australian western 

sponges in their harsh and arid climate are much firmer, develop rapidly, and produce 

well-protected gemmules at the onset of summer. The eastern sponges, on the other hand, 

have moderate to soft consistency, grow little, and produce winter gemmules, or form 

perennial growths without gemmules.

Jewell (1935) found water color to be related to the abundance of species in an 

otherwise suitable habitat. Williams (1977) found dissolved organic carbon (DOC), which 

approximately parallels color, to correlate with not only the sponge density but also

occurrence.

Williams' conclusions will be covered in some detail here because Colorado is so 

geographically similar to Montana so her findings may be more relevant. Clifford (1991) 

also wrote about freshwater sponges in Aquatic Invertebrates of Alberta but this article 

contains little information except a species list.
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In general, Williams found two distinct types of lentic habitats in Colorado: the 

reservoirs of the plains and the lakes and ponds of the mountains. Few sponges were 

found in the plains reservoirs, but Williams found it difficult to determine if most sponges 

were limited by the chemical conditions or the unsuitable physical characteristics, including

# fluctuating water levels and salinities, heavy wave action, turbidity, and siltation.

Chemically, the plains reservoirs are all high in hardness related variables. Additional 

chemical data collected in North Dakota demonstrates that Eunapius fragilis, at least, can 

exist in very hard waters (Anderson and Shubert, 1983).

The sponges in Colorado occurred more often in mountain lakes which tend to be 

chemically dilute. Williams' study (1977) demonstrates that the four species of sponges 

found in Colorado, Eunapius fragilis, Ephydatia muelleri, Spongilla lacustris, and 

Ephydatia fluviatilis, can live in more oligotrophic habitats than previously recorded .

Little is known about the specific ecological niche each species may occupy and to 

what degree interspecific or intraspecific competition occurs (Frost, 1991). If physical 

disturbances occur frequently or if substrata are short-lived (e g., aquatic macrophytes), 

then sponges can be expected to operate mainly in a density-independent fashion with fast 

growth and loss rates (Frost, 1991). Because this is most often the case, competition may 

play only a secondary role in sponge population dynamics (Frost, 1991).

On the other hand, where substrata are permanent, sponge populations may be 

regulated more by density-dependent dynamics. Pronzato and Manconi (1991) studied 

competition for permanent substrata between Ephydatia fluviatilis and Spongilla 

lacustris. They found that E. fluviatilis is a more effective colonizer but that S. lacustris 

is better in spatial competition since once it colonized an area E. fluviatilis had already 

settled, it usually occupied more available space, causing a reduction in E. fluviatilis. 

However, the equilibrium is maintained by the waterflow. The high finger-like projections 

of S. lacustris, which often occur in hospitable habitats, causes it to be more vulnerable to 

wave action and, therefore, more easily destroyed. Different morphology also allows use

7



of different habitat space: the finger-like projections of S. lacustris allow it to filter water 

far from the substratum whereas the usual cushion shape of E. fluviatilis allows it to filter 

the water close to the substratum. In general, the study suggests the development of niche 

diversification preventing direct competition and allowing coexistence.

• Manconi and Pronzato (1991) also examined the different adaptive strategies used

by S. lacustris in different habitats. They found that environmental factors controlled the 

appearance of various growth forms of S. lacustris from encrusting to finger-like branched 

projections. Encrustation occurs at the beginning of growth and continues if the habitat is 

inhospitable. If the habitat is very hospitable, intraspecific competition will occur and 

fingers will begin to grow vertically and branch out. Sponges reached their largest and 

most luxuriant growth on rocks on the bottom of a stream where conditions were not 

hospitable enough to allow intraspecific competition but not poor enough to limit growth 

( Manconi and Pronzato, 1991).

9
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MATERIALS AND METHODS
Sampling

During June, July, and August of 1994, water samples were collected from 25 

lakes. Sponges were collected from 16 of these 25 lakes. Two additional water samples 

were collected at Salmon Lake at roughly monthly intervals. In addition to lakes from 

which water was analyzed, 11 specimens from 9 other lakes that did not have the water 

analyzed were included in the distributional data.

Lakes were sampled in each of 6 submajor drainage basins in Western Montana. 

These basins were the Kootenai, Upper Clark Fork, Lower Clark Fork, Flathead, Missouri 

Upper Tributaries, and Missouri-Sun-Smith (Water Quality Bureau, MDHES, 1991). 

Ease of access and variation in elevation and size of lakes were the criteria used in the

initial selection.

Most sponges were collected by wading near the shore and handpicking 

submerged material that would be likely substrata for sponge. The majority of sponges 

were found at a depth of less than 1 m; some were as shallow as 1/4 m. In one lake 

sponge was collected by diving farther from shore and bringing up objects suspected to 

support sponge. Depths here ranged from 3-4 m. Since sponges were discovered more 

often at inlets and outlets than at any other point around the perimeter of the lake, these 

areas were sampled when possible.

Samples of sponge were held in containers with water from the lakes where the 

sponge was found. Every effort was made to collect gemmules with the sample by 

bringing back a piece of the substratum itself or scraping the bottom of the colony off the 

substrate with a knife.

|| Identification

Sponges were identified based on descriptions in Penney and Racek (1968). 

Spicule appearance and dimensions and position of the gemmules in the sponge tissue 

were used to make the identification.
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Spicules were isolated from the sponge tissue according to the method outlined in 

Pennak (1978). A sponge sample was placed in a test tube with nitric acid and boiled. It 

was allowed to stand for at least 24 hours and then rinsed repeatedly with water and 

alcohol. Gemmules were not boiled but merely allowed to stand in nitric acid for 1- 6

• hours before rinsing. At least 2 permanent slides, one containing gemmules and one

containing megascleres and microscleres, if present, were made for each species found in 

each lake.

Water Analysis

A water sample was taken at the site sponge was collected with the exception of 

Quake Lake where the sample was taken at the opposite end of the lake from which 

sponge was collected. If no sponge was found, the sample was collected at a convenient 

site close to shore. Water samples were collected according to the Field Procedures 

Manual of the Water Quality Bureau, Montana Department of Health and Environmental 

Sciences (1991).

Analyses done on each water sample include methyl orange alkalinity, calcium, 

total hardness as CaCO3, magnesium, silicon, and total organic carbon. Analyses were 

performed by the Montana State Chemical Laboratory following procedures in the U.S. 

Environmental Protection Agency manuals, Methods for Chemical Analysis of Water and 

Wastes (1983) and Methods for the Determination oj Metals in Environmental Samples 

(1991). The following methods were used to determine the value of: alkalinity - Method 

310.2, Colormetric, Automated, Methyl Orange; calcium, magnesium, and silicon - 

Method 200.7, Inductively Coupled Plasma-Optical Emission Spectrometry; total organic 

carbon - Method 415.1, Oxidation. Total hardness as CaCO3 was obtained by multiplying

calcium and magnesium by the appropriate factors, 2.50 and 4.12, respectively, and adding 

the products. Silicon was likewise converted to SiO2 by multiplying it by 2.14. 

Conductivity, pH, and temperature were recorded on site using a Horiba Water Checker 

U-10.
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RESULTS

Species List and Chemical/Physical Ranges

Specimens from 37 freshwater sponge populations were collected from 25 lakes 

throughout Western Montana. Three species were identified: Eunapius fragilis, 

Spongilla lacustris, and Ephydatia muelleri. Water samples were analyzed from 16 of the 

above mentioned lakes and from nine lakes in which no sponges were detected.

The taxonomic descriptions based upon Penney and Racek (1968) and 

chemical/physical ranges follow. Species results from the present study are compared and 

contrasted to the literature.

Eunapius fragilis (Leidy 1851)

Eunapius fragilis is characterized by flat growths of varying dimensions over 

gemmule pavements. Occasionally groups of two to five gemmules occur in a common 

pneumatic layer scattered throughout the tissue (Fig. 1). The consistency of the live 

sponge is soft and fragile. Oscula are characteristically large (Ricciardi and Reiswig,

1992) (Fig. 2). Color may vary from white to tan to green. The sponge is most often 

found on the underside of substrata (Old, 1932; Jewell, 1935).

Megascleres are mostly straight, smooth amphioxea (i.e., spicules have gradually 

tapered, sharp-pointed tips) ranging from 180-270 pm long and from 5 to 12 pm wide. 

Microscleres are absent. Gemmoscleres are slender to stout slightly curved amphioxea or 

amphistrongyla (i.e., spicules have blunt or abruptly terminated tips). They are typically 

covered with thick spines that are more dense at the tips of the gemmoscleres. Length 

ranges from 75-140 pm and width from 2-7 pm. The gemmoscleres are embedded in a 

tangential fashion in the pneumatic layer (Fig. 3).

E. fragilis is a cosmopolitan species found in a wide range of conditions and 

consequently has a wide range of morphological variations. It is found in a variety of 

adverse conditions such as stagnant waters (Old, 1932; Jewell, 1935), silt (Racek, 1969;
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Fig. 1. Gemmule cluster of Eunapius fragilis. Gemmules are encased in a pneumatic 
layer from which three foraminal tubules (arrowheads) protrude (55 X).

Fig. 2. Eunapius fragilis (25 x 8 mm) on the underside of a log (pond adjacent to 
Bailey's Lake).
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Fig. 3. Smooth megascleres and spined gemmoscleres of Eunapius fragilis (400X). 
Photograph taken by Jennifer Pribyl, 1992.

Fig. 4. Abnormal megascleres of Eunapius fragilis (Diamond Lake) (200X).
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Cheatum and Harris, 1953), and extremes in hydrogen ion concentration (Jewell, 1935; 

Racek, 1969; Ricciardi and Reiswig, 1992). E. fragilis, although tolerant of quiet waters, 

appears to thrive in continuous water movement (Jewell, 1935).

E. fragilis was found in 11 of the 37 sponge populations in Western Montana.

• Table 1 shows that the range of megasclere length recorded was considerably broader than

that reported bt Penney and Racek (1968). Regardless of silica content, every population 

of £. fragilis found in Western Montana had some megascleres that exceeded 270 pm. 

Other measurements are similar to Penney and Racek's except that shorter gemmoscleres 

were found in both Eastern Canada by Ricciardi and Reiswig (1993) and in the present 

study. Williams (1977) did not consistently record spicule ranges, so her data are not 

included in the table.

A summary of all published physical/chemical ranges for freshwater sponges 

through 1974 was done by Harrison (1974). This information for E. fragilis is compared 

to the physical/chemical ranges found for this species in Western Montana (Table 3). The 

data from Williams' (1977) Colorado study are also included since these results were not 

in Harrison's summary. Ricciardi and Reiswig's (1993) chemical analyses were not 

included in this table because many of the analyses were not done at the time of the survey 

and hardness was determined using a LaMotte chemical test kit, a less accurate method 

than the one employed in the present study. Ranges for Western Montana fell within 

previously recorded ranges for calcium, conductivity, silica, and pH. Values for alkalinity 

and magnesium joined Williams' in expanding Harrison's summarized ranges. A lower 

value for total hardness was recorded than in either Harrison's summary or Williams'

study.
t

The present study reported total organic carbon (TOC) instead of dissolved 

organic carbon (DOC). This was an attempt to more accurately reflect total nutrient 

sources for sponges. Analysis of ingested particles within a freshwater sponge show a 

great variety of algae and bacteria (Frost, 1981). Reiswig (1971) in his study of particle

14



Table 1. Comparisons of ranges for spicule dimensions in populations of Eunapius 
fragilis

Megascleres (pm) Gemmoscleres (pm)
Length Width Length Width

Penney & Racek 
(1968) 180-270 5-12 75 - 140 2-7

Ricciardi & Reiswig 
(1993) 165 -261 4- 14 32-121 3-8

Present study 90 - 380 2.5-12.5 30 - 148 4-12.5

Table 2. Comparisons of ranges for spicule dimensions in populations of Spongilla 
lacustris

Megascleres fprril Microscleres (pm) Gemmoscleres (pm)
Length Width Length Width Length Width

Penney & Racek 
(1968) 200 - 250 6-18 70 - 130 2-8 80-130 3 - 10

Ricciardi & 
Reiswig (1993) 158-362 4- 17 32-94 1-7.5 18-58 3-7

Present study 120 - 360 2.5 - 15 35 - 103 2.5-7.5 25- 177 4-7.5
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feeding of marine sponges analyzed-total particulate organic carbon. He found that the 

diet of three marine sponges consists primarily (80.5%) of particulate organic matter 

which is unresolvable by direct microscopy (Reiswig, 1971). Since TOC is composed of 

DOC and particulate organic carbon (POC), and the ratio of DOC to POC is 10:1 in most

• unproductive to moderately productive lakes (Wetzel, 1983), the numbers are comparable.

Western Montana ranges for TOC showed E. fragilis occurred in areas with less nutrients 

than in Colorado.

Skeleton abnormalities are common in all sponge species, and it was not 

uncommon to find megascleres with a single bulb in the middle of a megasclere. Simpson 

and Vaccaro (1974) hypothesized that such bulbs are caused by inhibition of extension of 

the axial filament while the silicalemma is still actively depositing silica. The natural 

causes of this are not known although germanium can cause this kind of abnormality in the 

laboratory. Simpson and Vaccaro (1974) postulate that the axial filament is a structure 

involved in determining the overall morphology of spicules and that bulbs occur routinely 

in young spicules but disappear when the spicule has continued to grow in width.

One specimen of E. fragilis found in Diamond Lake, an oligotrophic mountain 

lake, was unique among the megascleres collected in that virtually all of the megascleres, 

including the largest ones, contained at least one bulb along its length (Fig. 4). Normal 

specimens of E. fragilis and E. muelleri were found close by this abnormal one.

Spongilla lacustris (Linnaeus 1758)

Mature Spongilla lacustris tends to produce long cylindrical branches (Fig. 5) 

except in lotic environments where only cushion-like encrustations may form. Oscula are 

small and inconspicuous. A live sponge has a soft but fairly firm consistency whereas the 

skeleton of a dry specimen is extremely brittle. The skeleton is apparent to the naked eye 

within the living sponge due to polyspicular longitudinal fibers encased in spongin. The 

color is usually green due to the presence of symbiotic algae. Montana's S. lacustris, 

however, varied from whitish to tan to green.
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Fig. 5. Finger-like branches of Spongilla lacustris (Salmon Lake).

Fig. 6. Smooth megascleres and small spiny microscleres of Spongilla lacustris (200X). 
Photograph taken by Jennifer Pribyl, 1992.
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Megascleres are slightly curved, smooth amphioxea that range in length from 200- 

350 pm and width from 6-18 pm. S. lacustris is the only species found in Western 

Montana or Colorado that contains microscleres (Fig. 6). They are slightly curved 

amphioxea covered with small spines. They range in length from 80-130 pm and in width

• from 3-10 pm. The width for representatives from Western Montana fell within reported

ranges but the length range was expanded (Table 2).

Gemmoscleres are not always present. Penney and Racek (1968) report that the 

majority of subartic and cold-temperate specimens have gemmules with an absent or 

poorly defined pneumatic layer. In the present study, five specimens contained no 

gemmoscleres, and of the remaining eight, only one could be considered to have a well- 

developed pneumatic layer and numerous gemmoscleres.

When present, gemmoscleres are stout and slightly to strongly curved 

amphistrongyla or amphioxea. They are usually covered with robust spines (Fig. 7). 

Lengths range from 80-130 pm and widths from 3-10 pm. 5. lacustris gemmoscleres 

from the present study had a wider length range. Ricciardi and Reiswig (1993) record the 

shortest gemmosclere length.

Gemmule diameters range from 500-800 pm. Gemmules from Western Montana 

had considerably smaller diameters (250-500 pm). Gemmules are scattered throughout 

the tissue in a mature sponge or concentrated in older tissue at the base. Two types of 

gemmules are noted (Frost, 1991): thick-coated brown gemmules and thin-coated green 

gemmules containing symbiotic algae.

S. lacustris is a familiar freshwater sponge and the subject of many studies. It is 

highly tolerant of a wide range of factors, especially calcium (Jewell, 1939) and hydrogen 

ion concentration (Poirrier, 1969). Its optimum habitat is high in color, conductivity, and 

silica (Jewell, 1935).

5. lacustris composed 12 of 37 sponge populations surveyed in Western Montana. 

Table 4 compares the data summarized in Harrison (1974) with those reported in Williams
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Fig. 7. Sparse gemmoscleres on Spongilla lacustris gemmule (200X).

Fig. 8. Encrusting and lobate growth forms of Ephydatia muelleri (Salmon Lake).
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(1977) and the present study. Calcium, conductivity, alkalinity, pH, silica, and 

temperature fell well within the ranges reported by Harrison. Williams expanded the 

lower limit for methyl orange alkalinity and total hardness as did the present study. No 

detectable magnesium was found in one lake in Western Montana where S. lacustris was

• found so this expanded the lower limit for both Harrison's and Williams' ranges. All of the

variables recorded in the present study had higher limits than Williams' except for 

elevation. The highest value for silica far exceeded any value reported thus far. 

Unfortunately, this value was from Quake Lake where the water sample was not obtained 

at the same place as the specimens were collected. If this value is disregarded, the next 

highest silica value reported was 12.2 ppm which falls within previously reported ranges. 

Ephydatia muelleri (Lieberkuhn 1855)

Ephydatia muelleri varies in shape, from thin encrustations to lobate growths.

The oscula are inconspicuous although some large oscula were noted in the present study 

(Fig. 8). The consistency of live sponge is moderately hard and firm. The color is tan or 

green when symbiotic algae are present. E. muelleri is widely distributed in the Northern 

Hemisphere with a preference for cold-to-warm-temperate regions.

Megascleres are straight to slightly curved and stout amphioxea. They are usually 

covered with small spines except at their tips. They are reported to be rarely incipiently 

spined or smooth. However, this was a common occurrence in megascleres in Western 

Montana and Colorado (Williams, 1977). Often the same specimen contained both 

smooth and spined megascleres. Ricciardi and Reiswig (1993) report this same finding. 

Lengths range from 200-350 pm and widths range from 9-20 pm. Microscleres are 

absent.

Gemmoscleres are birotulates (i.e., dumbbell-shaped) with a moderately thick shaft 

no longer than the diameter of the rotules (i.e., ends of the dumbbells) (Fig. 9). The 

rotules are of equal diameter with irregular and deeply incised rays not numbering more
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Fig. 9. Birotulate gemmoscleres of Ephydatia muelleri (400X). Photograph taken by 
Jennifer Pribyl, 1992.

Fig. 10. Malformed birotulate gemmoscleres of Ephydatia muelleri (Cedar Lake) (400X)
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than 12. Malformations are common. The length of the shaft ranges from 12-20 gm and 

the width from 4-6 gm. The diameter of the rotules ranges from 20-25 gm.

Gemmules are scattered throughout the sponge tissue or concentrated at the base 

although not forming a pavement layer. The diameter of the spherical to subspherical

• gemmules ranges from 350-450 gm. The gemmoscleres are typically arranged in a single

layer perpendicular to the gemmule and are embedded in a well developed but shallow 

pneumatic layer.

E. muelleri was found in 14 of the 37 sponge populations in Western Montana. 

Table 5 compares spicule dimensions in Penney and Racek (1968) to that of Ricciardi and 

Reiswig's (1993) recent study and the present study. Both Ricciardi and Reiswig and the 

present study have similar to Penney and Racek, although the ranges are somewhat 

expanded.

Gemmosclere dimensions from Cedar Lake and an adjoining pond were extremely 

difficult to measure because of the ubiquitous and extreme malformation of the birotulates. 

Many of the birotulates had one or more spines along the shaft and some had granulated 

surfaces on the ends of the rotules. Some teeth in the rotules were misshapen and often 

there was more of a burr than disk on the end of the shaft (Fig. 10). Except for the length 

of the shaft (45-50 gm vs. 12.5 - 17.5 gm), this description fits that of Ephydatia robusta. 

Unfortunately, no limnological data were available from this lake.

Jewell (1935, 1939) reported E. muelleri to be restricted by upper and lower levels 

of calcium, low silica concentrations and low conductivities. Williams (1977) did not find 

these values to be limiting. Table 6 compares Harrison's (1974) summarized data, 

Williams' (1977) Colorado findings, and the results of the present study for E. muelleri. 

The present study expands the ranges for every variable except temperature, pH, and 

alkalinity, which was not reported in Harrison's summary but fell within the ranges 

reported by Williams.
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Table 5. Comparisons of ranges for spicule dimensions in populations of Ephydatia 
muelleri

Megascleres (pm) Gemmoscleres (pm)
Length Width Shaft length Shaft width Rotule diam.

Penney & Racek 
(1968) 200 - 350 9-20 12-20 4-6 20-25

Ricciardi & 
Reiswig (1993) 171-311 5-23 8-28 1-9 8-27

Present study 170 -360 10-30 12.5-25 2.5-7.5 15-25
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again contradict Jewell's (1935, 1939) findings that E. muelleri is restricted by upper and 

lower levels of calcium.

Unidentified Sponge or Ecotypic Variation

A possible ecotype of E. muelleri or another sponge species altogether was found 

• in two lakes from the same drainage basin: Blanchard and Cooper's. This sponge was

whitish in color, forming a very hard cushion-type growth (Fig. 11). The megascleres 

were atypical in that they were significantly wider (p<0.001) than the average megasclere 

from normal specimens of £. muelleri (Fig. 12). The spines on the megasclere also 

appeared to be more numerous and smaller than that of other E. muelleri megascleres and 

often extended to the tips of the spicule. Positive identification was impossible because no 

gemmules were found in either of the two specimens. Specimens of typical E. muelleri 

were found near each of these unidentified specimens.

Distributional Ecology Results

Distributional results are presented in Fig. 13. Thirty-seven populations of 

sponges were found in a total of 25 different lakes. Of these lakes, sponges were found in 

16 of the 25 lakes chemically sampled: E. muelleri in 10, E. fragilis in 9, S. lacustris in 7, 

and an unidentified sponge or possible E. muelleri ecotype in 2. These data were analyzed 

in several ways to judge the importance of the measured variables to sponge distribution:

1. ) All sites where sponges were found were compared to all sites where sponges were 

not found. Comparisons were done on each of the variables measured using a pooled t- 

test. No significant differences were found between any of the variables. Actually, little 

weight can be given to these results since the possibility that sponges were present but 

not detected could not be ruled out, especially since some of the lakes had chemical 

measurements well within the boundaries for sponge occurrence.

2. ) The measured tolerance ranges for all chemical variables and elevation were compared 

for the three species (Fig.s 14 to 22 ) using box plots which reflect the quartile ranges. E.
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Fig. 11. Unidentified sponge (arrowhead) growing next to green specimen of 
Ephydatia muelleri (Cooper's Lake).

Fig. 12. Megascleres of Ephydatia muelleri (200X). A. Megascleres of unidentified 
sponge (ave. width-23.5 pm), possibly ecotypic variation of E. muelleri. B. Smooth and 
spined megascleres of typical E. muelleri specimen (ave. width 12 pm).

B.
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t

Fig. 13. Distribution of sponge species. Dark grey lines indicate submajor drainage 
basins. Ephydatia muelleri, O ; Spongilla lacustris, ; Eunapius fragilis, □ ; and
unidentified sponge, * .
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fragilis, consistent with previous research, shows the greatest range but even a visual 

inspection of the data shows very similar quartiles. In addition, one-way analysis of 

variance demonstrated no significant difference among groups for any of the variables 

measured.

* 3.) Comparisons were made between chemical variables in one lake at three different 

dates to show changes over time. Table 7 shows that little variation occurred during the 

three month period of the study.

4.) Finally, comparisons were made between the three lakes with most abundant sponge 

growth versus the three lakes with the sparsest sponge growth. Again, a pooled t-test 

showed no significant differences between the two groups of lakes. It did, however, show 

a consistent trend toward a higher mean in all the variables in the high density sponge 

group versus the lower density group. Table 8 compares the means of the two groups by 

variable.

To summarize the results of overall distribution, no significant differences were 

found for any of the variables measured between sponge vs. no sponge groups, among 

sponge species, or between the lakes with most abundant sponge growth versus those 

with the least sponge growth. E. fragilis shows a somewhat greater range for most 

chemical variables measured.

Interactions among Species

Table 9 shows the frequency of associations among the three species found in 

Western Montana. It is evident from this data that if one species was found, it was more 

than likely that at least one of the other two species would occur with it. This finding is in

• agreement with other authors who state that these three species frequently coexist 

(Pennak, 1968; Ricciardi and Reiswig, 1991; Jewell, 1935). (Text continued on page 44.)
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Table 7. Three month comparison of chemical/physical variables for Salmon Lake

Variable
(ppm unless indicated) 6/06/94

Date Sampled 
8/01/94 9/12/94

Alkalinity 54 64 72

Calcium 14.8 16.8 18.3

Conductivity 104 128 125
(umhos/cm)
Total Hardness 54.2 63 67.5

Magnesium 4.2 5.2 5.3

pH 7.62 7.71 8.06

Silica 7.1 6.4 6.4

Temperature (° C) 15.8 22.9 16.8

TOC 3.7 2.8 3.4
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Table 8. Comparisons of chemical means and ranges for collection sites at extreme 
sponge densities in Western Montana

Variable
(ppm unless otherwise indicated)

Sparse 
(n = 3)

Abundant 
(n = 3)

Alkalinity 38.3 (15.2- 77.6) 43.67(15-62)

Calcium 10.0(5.3-20.5) 12.0(4.5-16.8)

Conductivity 72.0 (28 - 150) 82.0(26- 116)
(umhos/cm)
Total hardness 34.7(15 -70) 42.1 (11-61)

Magnesium 2.2(1-45) 2.9 (0-4.5)

pH 7.2(6.0-8.39) 7.9 (7.6 - 7.9)

Silica 4.7 (2.8-8.1) 7.1 (2.1 - 12.2)

TOC 2.0 (0.5 - 2.7) 4.1 (2-6.5)
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Table 9. Frequency of associations among species of sponges from Western Montana

Times collected Species E. muelleri S. lacustris E fragilis
14 E. muelleri 5 7
12 S. lacustris 5 2
11 E. fragilis 7 2
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Figure 23. Eunapius fragilis growing over layer of Ephydatia muelleri gemmules 
(arrows).
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E. fragilis was also observed to grow completely over an older layer of E. 

muelleri gemmules (Fig. 23) and E. muelleri and E. fragilis were found confluent with 

each other.
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DISCUSSION AND CONCLUSION

The three species found in Western Montana were the same as those found in 

Alberta (Clifford, 1991) and Colorado (Williams, 1980). Williams also reported one 

population of Ephydatia fluviatilis from Colorado. That these species were found of the 

33 possible in North America is understandable when one considers their distribution. 

Eunapius fragilis is a truly cosmopolitan species, reported from all continents and climates 

(Penney and Racek, 1968). It can withstand a wide range of habitats and conditions and 

did indeed display the widest range of chemical parameters in the present study. Both 

Ephydatia muelleri and Spongilla lacustris are reported to be restricted to the Northern 

Hemisphere but, within this area, are widely distributed in cold-temperate regions (Penney 

and Racek, 1968), such as Montana.

Most sponge specimens are readily identified using criteria from Penney and 

Racek (1968). Some specimens, however, illustrate the problems associated with using 

spicule morphology as a major identification criterion. For example, the specimen 

pictured in Fig. 23 with E. fragilis growing over a layer of E. muelleri illustrates the ease 

with which erroneous taxonomic interpretations may be made and the care which must be 

taken to make accurate identifications. Ricciardi and Reiswig (1991) discussed several 

examples of mistaken identification due to species mixtures. They have found species 

mixtures resulting from both confluent growth and overgrowth including various 

combinations of E. muelleri, E. fragilis, and S. lacustris.

Other examples of problems associated with using spicule morphology as a major 

identification criterion are the specimens from Cedar Lake and an adjoining pond. These 

specimens had megascleres typical of E. muelleri. However, the gemmoscleres did not fit 

the usual descriptions although they were still recognizable as birotulates. It appears that 

the Cedar Lake specimens are probable ecomorphic variants of E. muelleri. Never-the- 

less, except for the length of the gemmosclere shaft, which is the main discriminator
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between E. muelleri and Ephydatia fluviatilis, the description of the sponges found in 

Cedar Lake fit that of Ephydatia robusta. "gemmoscleres birotulates of one class, with 

stout cylindrical shafts, typically with a number of acute and prominent spines, rarely 

smooth; and terminally with rotules of equal diameter and distinctly flat shape, irregularly

4 incised in a number of lobes and rays; malformation frequent, outer surface of rotules

. often granulated, spines on shaft forked or subdivided, rotules abnormally developed;

length of shaft typically 45-50 pm, diameter of rotules 20-22 pm, width of shaft 6-7 pm" 

(Penney and Racek, 1968). This observation lends support to Poirrier's (1974) conclusion 

that E. robusta (Potts, 1887) as revised by Penney and Racek (1968), is synonymous with 

E. fluviatilis. The description for E. robusta neatly coincides with that of E. fluviatilis if 

one thinks of E. robusta as exhibiting an extreme ecomorphic variation of E. fluviatilis.

The present study's increased range for spicule dimensions with overlap between 

species, together with the large morphological variations, point to the difficulty in basing 

the major portion of identification on spicule size and morphology. Another example of a 

taxonomic problem is illustrated by the unidentified sponge specimens found in Blanchard 

and Coopers Lakes. The acutely spined megascleres were found to be significantly wider 

than typical E. muelleri megascleres, but without gemmules, the information was 

insufficient to determine whether this was an ecotype of E. muelleri or in fact, another 

species. Since Penney and Racek's (1968) description of E. muelleri megascleres most 

closely fits those of the unidentified specimen's, even though they are unusually wide, it is 

most likely that these specimens are only variants of E. muelleri.

An unexplained finding, and one that illustrates the difficulty of distinguishing 

between environmentally caused variations versus genetic fixation is the specimen with the 

numerous bulbs along the megascleres found in Diamond Lake. If this were an 

environmentally caused phenomenon, one would not expect normal populations of the 

same species to be found nearby, as was the case. This example seems to point toward 

some sort of genetic change specific to this population.
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The taxonomic confusion that exists presently can be blamed on the inadequacy of 

the major criteria used to distinguish species (i.e., spicule morphology). The need for 

better criteria, perhaps based upon biochemical factors, is evident. Until new criteria are 

established, it may be impossible to straighten out the taxonomic confusion that exists in

• the Spongillidae today.

For the remainder of the specimens that were clearly identified to species, 

interesting results were obtained. The present study contradicts Williams' (1977) results in 

that she found E. muelleri and 5'. lacustris to occur only in the soft, oligotrophic waters of 

mountain lakes. Although all three species of freshwater sponge did occur in these 

habitats, they also were found in some less soft to moderately hard (50-90 ppm CaCO3) 

mesotrophic lakes of the mountain valleys.

Williams' (1977) results, which showed significant differences between variables in 

"sponge" versus "no sponge" lakes and between the three species must be placed in the 

context of the two vastly differing lentic habitats of Colorado: the reservoirs of the plains 

and the lakes and ponds of the mountains. The reservoirs Williams sampled possessed 

extremely hard waters (over 300 ppm CaCO3) versus the very soft (under 50 ppm 

CaCO3), oligotrophic waters of the mountain lakes. The lakes sampled in Western

Montana did not demonstrate the extremes of Colorado. The sponges did tend to be 

found in softer waters (< 100 ppm CaCO3) but the lakes in which no sponges were found

were not extremely hard either. Only six lakes sampled had total hardness values over 100 

ppm CaCO3, the highest being 231 ppm. Of these six lakes, E. fragilis v/as, found in three 

and S. lacustris in one.

Neither the present study nor Williams' study showed hydrogen-ion concentration 

to be a major limiting factor in sponge distribution. Again, not many acidic lakes were 

sampled in either study.

Williams (1977) and Jewell (1935) found a significant correlation between silica 

content and spicule size. This result was not found in the present study. However, Jewell
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and Williams both found sponges in lakes with low silica concentration ( < 1 ppm). In the 

present study, all populations of sponges were found in lakes with a minimum of 2.1 ppm 

silica. Therefore, it is likely that sponges from the present study were not limited at all by 

insufficient silica. However, the sample may have been too small to show a significant

• correlation between spicule size and silica concentration. It is also likely that other factors

interact with silica to determine spicule size.

Altogether, the present study showed no factors that distinguished among the 

particular species found. This result can be understood in the context of the small number 

of species found and the fact that each of these species is frequently found to coexist with 

one or both of the others. Therefore, one would expect that the parameters for each 

species' occurrence would be similar. In fact, in the 25 lakes where sponges were found, 

more than one species occurred 56% of the time. Another possibility is that an interaction 

exists between chemical variables or chemical and physical variables which has not as yet 

been identified.

The question remains that if the variables analyzed did not distinguish between the 

sponge species, what will? One possibility is, of course, that the limitations of the study 

prevented significant differences that were present from becoming apparent. For example, 

an acceptable operational definition for identifying lakes without sponge is needed. Also, 

the small sample necessitated by financial limitations may have further affected the results.

Because of the tendency for these species to coexist, the variables examined most 

likely still would not have distinguished between the species. What then? According to 

modem ecological theory (Solbrig, 1991), every species has its own ecological niche. In 

other words, because every species has at least one physical or behavioral characteristic 

that separates it from other species, every species has a unique niche. Present theory 

predicts that two species with identical niches cannot coexist, and empirical studies seem 

to verify this (Solbrig, 1991). Therefore, future fruitful areas of research would seem to 

be to examine finer levels of environmental features as discussed in the Introduction.
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Examples of research topics could include a comparison of the colonization strategy 

between these three species or an analysis of the food preferences for these species to 

determine if their specific niche could be further defined.
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Table 11. Locations of sites sampled

Site County Map Location Date

1. Salmon Lake Missoula T15N/R14W/S8 06/05/94

2. Coopers Lake Powell T15N/R11W/S12 06/05/94

3. Flathead Lake Lake T25N/R19W/S32 06/17/94

4. Spencer Lake Flathead T30N/R22W/S5 06/18/94

5. Half Moon Lake Flathead T31N/R19W/S10 06/18/94

6. Near Bailey Lake Flathead T31N/R20W/S2 06/18/94

7. Spoon Lake Flathead T31N/R20W/S3 06/18/94

8. Kilbrennan Lake Lincoln T33N/R33W/S28 06/24/94

9. Lake Koocanusa Lincoln T31N/R29W/S33 06/24/94

10. Loon Lake Lincoln T27N/R28W/S22 06/25/94

11. Pond off of
W. Fork Bitterroot

Ravalli T4N/R21W/S15 06/27/94

12. Lake Como Ravalli T4N/R21W/S32 06/28/94

13. Painted Rocks Lake Ravalli T27N/R18E/S10 06/28/94

14. Mud Lake Granite T6N/R17W/S32 06/29/94

15. Harrison Lake Willow 
Creek Res.

Madison T1S/R1W/S34 07/03/94

16. Pond below Blue 
Paradise Lake

Madison T10S/R2E/S23 07/09/94

17 Expedition Lake Madison T10S/R2E/S14 07/10/94

18. Quake Lake Madison T11S/R3E/S23 07/10/94

19. Diamond Lake Mineral T16NZR29W/S17 07/14/94
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20. Moore Lake Mineral T16N/R29W/S3 07/14/94

21. Upper Holter Lake Lewis & Clark T12N/R3W/S2 07/26/94

22. Echo Lake Granite T6N/R13W/S32 07/30/94

23. Blanchard Lake Missoula T15NZR14W/S33 07/31/94

24. Rock Island Lake Beaverhead T22N/R23E/S22 08/02/94

25. Lower Miner Lake Beaverhead T22N/R24E/S9 08/02/94

55



Table 12. Additional sites included in distributional data

Location Sponges

Ducharme Lake Spongilla lacustris

Pond adjacent to Ducharme Lake Spongilla lacustris

Lower pond adjacent to Ducharme Lake Spongilla lacustris

Upper Miner Lake Spongilla lacustris

Hebgen Lake Ephydatia muelleri 
Eunapius fragilis

Holter Lake Eunapius fragilis 
Ephydatia muelleri

Jerome Rock Lake Spongilla lacustris

Cedar Lake Ephydatia muelleri

Pond adjacent to Cedar Lake Ephydatia muelleri
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