
ALGAL CONTENT OF FRESHWATER SPONGES: 
A COMPARISON OF TWO SPONGE TYPES 

FROM TWO LAKES IN WESTERN MONTANA

Submitted in Partial Fulfillment of the Requirements for 
Graduation with Honors to the Department of Biology 

and Chemistry at Carroll College, Helena, Montana

Jason Francis Karro

CORETTE LIBRARY CARROLL COLLEGE

3 5962 00098 983



This thesis for honors recognition has been approved for the Department 
of Biology and Chemistry by:



TABLE OF CONTENTS
ACKNOWLEDGMENTS...............................................ii

ABSTRACT..................................................... iii

LIST OF ILLUSTRATIONS........................................ iv

LIST OF TABLES.................................................V

INTRODUCTION AND LITERATURE REVIEW............................1

MATERIALS AND METHODS......................................... 6

RESULTS....................................................... 12

DISCUSSION AND CONCLUSION.................................... 17

SELECTED REFERENCES.......................................... 20

APPENDIX......................................................22

♦



ACKNOWLEDGMENTS
I would first like to take the opportunity to thank my 

parents for without them I would not be where I am today. 

Both for the emotional and monetary support I am greatly

indebted.
I would also like to show my extreme gratitude towards 

Dr. John Addis for all his patience, guidance, and confidence. 

Without his support this thesis would not have been possible. 

I would also like to thank Fr. Jerry Lowney and Fr. Joseph 

Harrington for their time, effort, and comments as thoughtful 

readers. I am further indebted to Dr. Loren Bahls from the 

Water Quality Division for his time and patience in the 

identification of the various algae.

Finally, I must give a thanks to all my friends who 

supported me in the "insane" quest to complete this and my 

other thesis. Without those late nights in the computer lab, 

courtesy of James this thesis would never have been completed 

in time. Also, I should thank my roommate, Martin, as well as 

Fanny, Lappy, the Queen of Spades, Becki, Bubbs, Kevin, Ben, 

Pete, Woody, Steve, Jay, Dirk, Greg, Shelby, Stacie, Jess, and 

all the others I have left out (there are so many) for the 

many "study breaks" without which I surely would have gone 

insane. Derek Gordon, as well as Dr. Addis, deserves a 

special thanks for collecting some samples for me. Rachelle 

Prevost also needs some credit for accompanying me up to 

Salmon and Coopers Lake.

ii



ABSTRACT
Earlier studies have indicated particle selection as a 

means of controlling interspecific competition between 

freshwater sponges. Thus, an attempt was made to observe 

differences in two sponge types, Ephydatia muelleri and a 

possible ecotype, from two different lakes, Salmon Lake and 

Coopers Lake, in the same drainage system. The results 

support particle selection but the means of selection remains 

unclear. A comparison of the algae found in the two lakes is 

also made showing significant differences.
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INTRODUCTION AND LITERATURE REVIEW
Sponges are simple multicellular organisms of the phylum 

Porifera. Their highest level of organization is the tissue 

level. Because they lack organs and organ systems, 

specialized cells perform most of the basic functions. Due to 

this fact, many sponges, including freshwater sponges such as 

Ephydatia, are often considered as colonial organisms on a 

functional basis.

The following description of the sponge structure comes 

from Frost (1991). Sponges can take on various forms from 

fingerlike to rounded to encrusting. Differences in 

morphology are believed to vary with the environmental 

conditions. The outer surface of sponges consists of cells 

called pinacocytes with pores or ostia interspersed. Water is 

drawn into subdermal cavities through the ostia. The water 

then travels through small incurrent canals where it next 

passes by choanocytes in choanocyte chambers. Finally, the 

water exits through a series of gradually larger excurrent 

canals leaving through a large pore called the osculum near 

the top of the sponge. The canal structure is not rigid. The 

structure changes as the animal grows or channels become 

blocked by large debris.

The particle uptake of both digestible and non-digestible 

particles of freshwater sponge species has been investigated 

in and out of the laboratory (Frost, 1980, 1981; Francis & 

Poirrier, 1986; Reiswig, 1971). The filtered substrate is
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known to be of various sizes and shapes, as well as differing 

resistance to digestion, and nutritional value. The filtration

0 of substances from the water can occur at several stages. The

size of the ostia may vary preventing particles larger than 

the pore from entering the sponge. The choanocytes not only 

serve to facilitate the flow of water through the sponge but 

also as the final filter point. The flagellum of the 

choanocyte beats moving the water while a collar of microvilli 

filters particles from the water. The particles are then 

engulfed by the choanocytes. Amoebocytes within the mesohyl, 

the gelatinous layer between the outer and inner layers, pick 

up the "food" from the choanocytes, digest it, and distribute 

the nutrients. Additionally, the epithelial cells appear to 

be phagocytizing particles. The general consensus from these 

investigations appears to be that those particles, from 5 to

50 |im in diameter, are phagocytosed mainly by endopinacocytes.

Smaller particles are taken up through choanocytes while

particles over 50 jam are occasionally ingested through the

exopinacoderm. Yet, there appears to be more to the selection 

process than just size.

Investigations of particle retention and digestion in 

Ephydatia (Frost, 1980, 1981) and the comparison of

particulate uptake in Ephydatia and Spongilla (Francis &

• Poirrier, 1986) suggest that there is some degree of particle

selection in these species. The sponges appear to be
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selecting food particles not only on the basis of size but 

also on nutritional content. Frost (1980) noted two basic 

forms of particle selection: differential uptake and 

differential digestion. A sponge relying on differential 

uptake would ingest primarily specific preferred particles. 

Thus, the process of phagocytosis would be efficient by 

limiting uptake. The number of different particles taken up 

would be reduced. Alternately, a sponge relying on 

differential digestion would be more likely to ingest 

particles indiscriminately and then digest them at different 

rates. The variety of ingested substrate would be quite 

large in these sponges. Some particles would remain within the 

sponge longer and be digested fully while others would be pass 

through fairly undigested.

Upon the conclusion of their experiment, Francis and 

Poirrier (1986) rejected the hypothesis suggesting 

differential uptake as the force behind differential 

utilization of filterable substrate. They noted that four 

particle types (two sizes of latex beads and two sizes of 

bacterial cells) were ingested at approximately the same rate 

in both Ephydatia and Spongilla. Such findings run counter to 

what would be expected if the sponges exhibited differential 

uptake. Frost (1980) noted non-uniform clearance rates of 

various particle types in his experiment of an unidentifiable 

sponge similar to Ephydatia. That is, the rate at which a 

particle passes through the sponge varies. Thus, both groups
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of experimenters did find support for the differential 

metabolism of particles in sponges but no support for the 

differential uptake of particles was found. Furthermore, the 

rate at which a particular substance passes through a sponge 

will vary with the availible microplankton (Francis, & 

Poirrier, 1986)

Species of sponge are often found cohabitating the same 

environment. Such findings suggest a means for reducing 

competition and allowing the coexistence of two genetically 

different sponges. In other words, these findings lend 

support to the competitive exclusion principle as described in 

Campbell (1990). According to this theory, an organisms 

"niche" or function in a community is the "sum total of the 

organism's use of the biotic and abiotic resources of the 

environment". All the resources that an organism is capable 

of using comprise its fundamental niche. Those resources that 

an organism actually uses in nature constitute its realized 

niche. Often, these two niches are not the same because of 

biological constraints which through competition or predation 

prevent the realization of the fundamental niche. The 

competitive exclusion principle goes on to say that two 

species cannot coexist in the same community if their niches 

are identical. If, however, there exists one or more 

significant differences in two organisms' niches they will be

able to coexist.
The intention of this study was to test the competitive
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exclusion principle by examining the particles ingested by two 

different ecotypes, or subspecies that are adapted to specific 

sets of environment conditions (Smith, 1990), of sponges 

occupying the same lake. No attempt was made to examine 

particle uptake rates. As it turned out, the primary 

objective of this study was the determination of ingested 

particles in general. Additionally, a comparison was made 

between the algal content of the sponges from the two 

different lakes to determine any variance.
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MATERIALS AND METHODS
The Lakes

Two different lakes were used as a source of sponge 

samples, Salmon Lake (T15N/R14W/S8) and Coopers Lake 

(T15N/R11W//S12). The discription and analysis of these lakes 

comes from a study done by Juday and Keller (1978) . Both are 

located among the Rocky Mountains of western Montana in the 

Clearwater-Swan Valley drainage (Figs. 1 & 2). Both lakes are 

typical ice block lakes formed from a glacier. Both lakes 

experience varying degrees of estival stratification and 

oxygen depletion in the hypolimnion (the lower strata of water 

in a lake) making them dimiotic (showing varying degrees of 

estival stratification and oxygen depletion in the 

hypolimnion) . This affects the type of organisms that can 

thrive and the periods during which they thrive. Changes in 

the abundance of certain organisms could alter the feeding 

patterns of sponges. Juday and Keller determined Coopers Lake 

to be oligotrophic (a lake with minimum oxygen depletion in 

the summer and winter, SD reading of 9 m or greater, and few 

cyanophyte or macrophyte production) and Salmon Lake 

mesotrophic (a lake having oxygen depletion in the summer and 

little in the winter, a SD reading of 3 m or less, short 

blooms of cyanophyte in late summer usually in September, and 

moderate macrophyte production).
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Figure 1. Southern end of Salmon Lake. (Scale 1:24,000 or 6.7 
cm=l mile)
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Figure 2. Coopers Lake. (Scale 1:37,263 or 10.4 cm=l mile)

8



Collection
The samples were collected near the outlet to both lakes 

in water no deeper than three feet (Figs. 3 & 4). Preliminary 

samples were collected at various times throughout the summer 

of 1995. The samples used for comparison, both Salmon Lake 

and Coopers Lake, were all collected on the 8th of August, 

1995. The procedure for collection and preservation of 

samples was adapted from Frost (1981). Following removal of 

a sponge sample from the lake, the sponge was rinsed with 

distilled water cooled to approximately the same temperature 

as the lake. The sponge was then spot dried using filter 

paper and weighed (wet weight) . Next, the sponge was 

macerated using a diving knife with both a blunt end and a 

sharp blade. The resulting sponge matter was placed in a test 

tube containing a known volume of distilled water (Table 1). 

The tube was shaken vigorously to further mix the sponge 

material. Finally, Lugol's solution was added to preserve the 

algae.

Identification of Algae
The tube contents were examined under a Nikon Optiphot 

Vineyard (1979) and the help of Loren Bahls, of the Montana 

State Department of Environmental Quality, Water Quality 

Division. Counts of the algal content were done using 

acompound light microscope at a later date. Photographs were 

taken using a Nikon FX-35 camera mounted on top of the 

microscope with the Nikon AFX-II exposure system.
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Figure 3. Coopers Lake sample sites. (Scale 1:156,505 or 43.9 
cm=l mile)

• S'1'3’” /
* sr .. “

Figure 4. Salmon Lake sample sites. (Scale 1: 256,000 or 71.5
cm=l mile)
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Sample Lake Mass of 
Sponge (g)

H2O
(ml)

ml of 
LugoIs

ml of solution/g 
of sponge

Green 1 
(Gl)

Salmon 0.19 4.00 0.15 21.84

Green 2 
(G2)

Salmon 1.92 15.00 1.50 8.62

Green 3 
(G3)

Salmon 0.11 2.00 0.10 19.10

Green 4 
(G4)

Salmon 0.60 8.00 0.50 14.20

Green 5 
(G5)

Coopers 0.16 12.00 1.20 8.20

Green 6 
(G6)

Coopers 0.80 10.00 0.60 13.25

Green 7 
(G7)

Coopers 2.63 12.00 2.00 5.32

White 1 
(Wl)

Salmon 0.10 2.00 0.10 21.00

White 2 
(W2)

Salmon 0.11 2.00 0.10 19.10

White 3 
(W3)

Salmon 0.12 2.00 0.10 17.50

White 4 
(W4)

Coopers 0.11 2.00 0.10 19.10

White 5 
(W5)

Coopers 0.06 1.50 0.10 26.70

White 6 
(W6)

Coopers 0.04 1.50 0.10 40.00

Table 1. Sponge sample storage content.

Identifications were based on Greeson (1982), Palmer (1962), 

Pentecost (1984), Prescott (1978), Thorp and Covich (1991), 

hemacytometer. Only the G6 sample was diluted for the algal 

count. It was diluted by a factor of ten.
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RESULTS
Sponge populations in Salmon Lake differed from previous 

years in that sponges were not as abundant as in the preceding 

three years, according to Dr. John Addis. Additionally, those 

that appeared, appeared late and Spongilla lacustris was 

poorly represented if at all. The green sponge was identified 

as E. muelleri based on its spicules and gemmules. The white 

(light tan) sponge was unidentifiable due to absence of 

gemmules. The white sponge is possibly an ecotype of E. 

muelleri since its megascleres (Fig. 5 & 6) are similar to 

those of E. muelleri.

Figure 5. E. muelleri mega- 
sclere at 97.5X.

There was quite a difference

the two Ephydatia types. Green

Figure 6. Ecotype mega- 
sclere at 97.5X.

in the algal types found in

E. muelleri had a greater
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number and variety of algal types than the white ecotype. 

Chlorella was the most abundant of all algal types. However, 

it was present in low levels in the white ecotype compared to 

green E. muelleri (Figs. 8 & 9). As a whole, diatoms were the 

next most common group found in both sponges with Navicula 

(Fig. 7b), Epithemia (Fig. 7d), and Dinobyron (Fig. 7a) being 

the most common. Once again, there appeared to be some 

difference in the diatoms found in the two sponge types. 

Dinobyron seemed to be most abundant in the ecotype while 

Navicula, Epithemia, and even Anabaena (a blue-green algae) 

(Fig. 7c) were primarily found in Ephydatia muelleri. A 

complete list of all algal types identified is found in Table 

2 and micrographs of all identified genera can be found in the 

appendix.

Table 2. Algal Genera found and identified.

Planktonic 
Asterionella 
Chlorella 
Navicula 
Dinobyron 
Schroederia 

Synedra 
Anabaena 

Aphanizomenon 
Rhopalodia 
Closterium 
Taberialla 

Stephanodiscus

Periphyton
Nitzschia
Cymbella
Epi themia

Uncertain
Pinnularia
Gonatozygon

“fi£n£UeR«M(!(iOUa)U£GE
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Figures 7 
Epi thernia.

a. Dinobyron. b. Navicula. c. Anabaena. d
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Chlorella Content

Legend
se 0 sw jjj cg g cw

Figure 8. Graphical representation comparing the Chlorella 
content of the E. muelleri and the ecotype from each lake. 
Only individual concentrations and ranges are shown. SG, 
Salmon Lake green; SW, Salmon Lake white; CG, Coopers Lake 
green; CW, Coopers Lake white. The zero values in SW, CG, and 
CW should be ignored.
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Non-Chlorella Content

Legend
B 86 □ 8W S3CG Icw

Figure 9. Graphic representation of the non-Chlorella algal 
content of E. muelleri and the ecotype from each lake. Only 
the range and actual concentrations are shown. The zeros in 
the SW, CG, and CW should be ignored.
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DISCUSSION AND CONCLUSION
The results of this study show that significant 

differences exist between the Chlorella content of E. muelleri 

and the ecotype. This would be expected as Chlorella has been 

implicated in the coloring of many sponge species. 

Unfortunately, there is usually believed to be a symbiotic 

relationship between the algae and the sponge. If this type 

of relationship is occurring, then most if not all of the 

Chlorella could be living in the sponge and not serving as a 

direct source of nutrition for the sponge. However, if the 

Chlorella is living within the sponge it could be providing 

indirect nutrients through the photosynthesis it carries out 

(Frost, 1991). Assuming such a relationship, the ecotype must 

then be relying more heavily on other forms of nutrient source 

than E. muelleri. Future investigations may test for the 

amount of algal chlorophyll to give a rough measure of the 

potential contribution of algal symbionts (Frost, 1991).

Overall, there does not seem to be any significant 

difference between the non-Chlorella content of E. muelleri 

and the ecotype. However, there is some difference in the 

type of algae present in the two sponge types. Whereas E. 

muelleri tended to exhibit more Navicula, Ephithemia, and 

Anabeana, the ecotype contained most if not all the Dinobyron. 

Within Salmon Lake, there is rather significant variation 
between the non-Chlorella content of E. muelleri and the 

ecotype. E. muelleri tended to contain twice as much non-
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Chlorella than the ecotype.

Differences in the algal content between the two lakes 

also seems to be suggested by the results. Within E. 

muelleri, there was about twice as much Chlorella in the 

samples from Salmon Lake when compared to Coopers Lake and 

close to three times as much non-Chlorella. There was much 

less variation concerning the ecotype of E. muelleri. 

Unfortunately, a plankton sample from each lake was not 

obtained making any further speculation on these results 

problematic.

In comparing findings from the preliminary studies with 

those collected later, it became apparent that several 

prominent algae found in the earlier samples were completely 

absent from the later samples. Additionally, it was noted 

that the relative abundance of algae in variety and numbers 

was greater in white samples early and then declined to very 

low numbers in the later samples. The opposite was true for 

the green samples with greater numbers and variety in later 

samples than earlier ones.

One problem in making any further conclusions in general 

stems from the fact that the algae observed could have been 

inside the sponge or on the surface. Although the sponges 

were gently washed to remove debris, it remains uncertain 

whether all algae present on the sponge epidermis was removed. 

Thus, some of the algae observed may have been present on the 

outside surface of the sponge rather than ingested. However,
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because of the overall differences between the two sponges, 

the results suggest that there is a difference in the 

nutrional sources between E. muelleri and the ecotype. Of 

course, this could be due to the location of each sponge type 

on the substrate. The ecotype seemed to be primarily located 

on the underside of rocks while E. muelleri was predominately 

found on the side and even top surfaces of the substrate. 

Nevertheless, the method of particle selection remains in 

question. The results of this study do not allow for any 

conclusions about the means of particle selection. It remains 

unclear whether particle selection is achieved through 

differential uptake or differential digestion. Further 

studies are required before any conclusions can be drawn.
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Plate 1.

Figure 1. Taberialla.

Figure 2 . Closterium.

Figure 3. Stephanodiscus

Figure 4 . Navicula.

Figure 5 . Navicula.

Figure 6. Navicula.

Figure 7. Navicula.

Figure 8. Navicula.
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Plate 1. Planktonic Algae (x975).
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Plate 2

Figure 1. Asterionella.

Figure 2 . Schroederia.

Figure 3 . Synedra.

Figure 4. Aphanizomenon

Figure 5. Rphopalodia.

Figure 6. Dinobyron.

Figure 7 . Anabaena.
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Plate 2. Planktonic Algae (x975).
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Plate 3

Figure 1. Gonatozygon.

Figure 2 . Pinnularia (girdle view)

Figure 3 . Cymbella.

Figure 4 . Nitzschia.

Figure 5 . Pinnularia.

Figure 6. Epithernia.

Figure 7 . Epithernia.
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*

Plate 3. Periphyton and. Uncertain Algae (x975) .
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