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CHAPTER I 

THE PASSIVE DISPERSAL OF VIABLE ALGAE AND PROTOZOA 

BY AQUATIC AND TERRESTRIAL COLEOPTERA 

Introduction 

As early as 135#, Charles Darwin noted that the fresh-

water insects and molluscs have extremely large ranges, even 

though separated by formidable land and sea barriers {Darwin, 

1909). He postulated this to be due to the migration of 

aquatic insects and birds from pond to pond or stream to 

stream, sometimes over considerable distances. Aquatic 

insects and birds passively transport the eggs and young of 

molluscs when they migrate; this he documented with records 

of molluscs scraped from the bodies of aquatic beetles of 

the genera Dytiscus and Colymbetes caught aboard the Beagle 

over 45 miles from the nearest land, and with laboratory 

studies showing the survival (from 12 to 20 hours) of larval 

molluscs on the feet of ducks suspended in the air to simulate 

flight. Darwin further attributed the dispersal of many 

other fresh-water organisms to the migrations of aquatic 

insects and birds from one body of water to another. Later, 

Migula (1$6>S) found 23 species of algae attached to 



representatives of 3 species of aquatic beetles. Migula 

postulated aquatic insects to be more important dispersal 

vehicles for algae and protozoa than birds. Scott (1910) 

reported observations of stalked ciliates attached to field-

collected aquatic beetles. Irenee-Marie (1939) observed 

the desmid Closterium in the claws of a large dytiscid 

beetle and other desmids on the body parts of a dragonfly. 

Messikomer (1943) postulated dragonflies to be important 

short-distance dispersal vehicles for the resistant and 

vegetative cells of various microorganisms. Maguire (1957, 

1959, 1963) studied the early colonization of small isolated 

bodies of water and reported the higher taxonomy of algae, 

ciliates and rotifers cultured from 4& washings of dragon-

flies from Texas and New York State. He also reviewed the 

literature concerning the colonization of isolated bodies of 

water and the known dispersal agents contributing to this 

colonization. Gressitt, Sedlacek and Szent-Ivany (1965) 

reported the observation of fungi, algae, lichens, liverworts, 

oribatid mites, nematodes, rotifers, psocids and diatoms 

living on the backs of tropical weevils of the genus 

Gymnopholus. Stewart and Schlichting (1966) cultured 56 

genera of microorganisms from $2 external washings of 

26 species of aquatic insects, most of which were'odonates. 



Parsons, Schlichting, and Stewart (1966) cultured 24 genera 

of microorganisms from 50 external washings of 11 species of 

Colorado odonates. In this investigation they also found 

that the legs of Libellula auripennis (Burmeister), collected 

in Texas, were the primary sites of disseminule carriage. 

Revill, Stewart, and Schlichting (1967a) cultured 21 genera 

of algae, 5 genera of protozoa, moss protonema and fungi 

from 51 external washings of 4 species of Texas craneflies 

and midges. Revill, Stewart and Schlichting (1967b) cultured 

23 genera of algae and protozoa from 221 external washings 

of 14 species of Texas horse flies and mosquitoes. In 

addition, they reviewed the literature on dispersion dis-

tances recorded for those insects. Laboratory studies by 

Milliger and Schlichting (1968) demonstrated the internal 

and external transport of algae by an aquatic beetle, 

Tropisternus lateralis nimbatus (Say), and indicated the 

probable role this beetle plays in the early colonization 

of small, isolated bodies of water. Stewart and Milliger 

(unpublished) cultured 27 genera of small aquatic organisms 

from 112 external washings of 15 species of aquatic insects 

(5 hemipterans, 5 caddisflies, 1 stonefly, 2 dobsonflies, 

and 2 mayflies). They also reviewed the literature on 

recorded dispersion for these insects and discussed the 



significance of, and behavioristic patterns contributing to, 

their respective roles in the overland dispersal of small 

aquatic organisms from one aquatic environment to another. 

The purpose of the present study was to determine the 

relative importance of aquatic and terrestrial beetles as 

possible vehicles in the passive overland dispersal of viable 

microorganisms. Species of aquatic beetles studied were 

(1) Haliplidae: Haliplus triopsis Say; (2) Dytiscidae: 

Hygrotus nubilus (LeC.), Hydroporus dimidiatus G.&H., 

Laccophilus proximus Say, Laccophilus quadrilineatus Horn, 

Laccophilus terminalis Shp., Copelatus chevrolati Aube', 

Copelatus glyphicus {Say), Coptotomus interrogatus (Fab.), 

Rhahtus calidus (Fab.), Eretes sticticus (L.), Thermonectus 

basillaris (Harr.), and Thermonectus ornaticollis (Aube); 

(3) Gyrinidae: Gyrinus parcus Say, Dineutus assimilis (Kby.); 

and (4) Hydrophilidae: Tropisternus lateralis nimbatus (Say), 

Tropisternus striolatus (LeC.), Hydrophilus triangularis Say, 

Hydrochara obtusata {Say), Berosus aculeatus LeC., Berosus 

infuscatus LeC., Enochrus ochraceus (Melsh.), and Enochrus 

perplexus (LeC.). 

Species of terrestrial beetles studied were 

(1) Cicindelidae: Cicindela lepida Dej. and Megacephala 

Carolina L.; (2) Carabidae: Calosoma marginalis Casey, 



Brachynus sp., Harpalus caliginosus (Fab.), Harpalus gravis 

LeC., and Harpalus herbivagus Say; (3) Cebrionidae: Scaptolenus 

lecontei (Salle); (4) Meloidae: Epicauta lemniscata Fab.; 

(5) Elateridae: Conoderus vespertinus (Fab.); (6) Scarabaeidae: 

Phyllophaga torta LeC., Bothynus gibbosus (DeG.); (7) Trogidae: 

Trox sonorae LeC.; (8) Cerambycidae: Stenodontes dasytomus 

dasytomus (Say), Hypermallis villosus (Fab.); and 

(9) Curculionidae: Curculio victoriensis Chittd. 

Materials and Methods 

The beetles studied were collected at night over a 

period of 3 years in the Denton-Lake Dallas area of Texas. 

Two collection techniques were used: 

(1) The beetles were taken from concrete, metal or 

wooden surfaces under bright lights. 

(2) The beetles were collected from cleaned, enamel-

painted surfaces inside a portable light box containing 12, 

20-watt flourescent tubes. 

In both of the above methods, eight-dram screw-cap 

vials, containing 25 ml of sterile culture medium, were each 

inoculated with one beetle, carefully captured with sterile 

forceps. 

The culture medium consisted of 50% soil-water extract 

and 50%> BoldTs Basal Medium (Bischoff and Bold, 1963). The 



soil-water extract was prepared as follows: 200 g of Texas 

garden loam were mixed with 1 liter of glass-distilled 

water, shaken well, and allowed to stand for 24 hr; the 

suspension was subsequently paper-filtered to remove all 

soil particles and other debris. The resulting supernatant 

was filtered under aseptic conditions using a 0.22 p. pore-

diameter millipore filter to render the solution bacteria-

free. 

The Bold's Basal Medium (BBM) was autoclaved at 15 lb. 

pressure for 20 min at 121°C to render it bacteria-free. 

Five hundred milliliters of sterile soil-water extract were 

aseptically added to 500 ml of sterile BBM to make 1 liter 

of sterile culture medium. The pH of the culture medium 

was approximately 7.4. 

After inoculation of sterile culture medium with insects 

in the field, the inoculae (to be subsequently called cultures) 

were transferred to the laboratory and agitated for 30 sec 

with a Vortex Jr. Mixer (Scientific Industries Inc.) to 

dislodge disseminules from the insects. Insects were then 

removed from the cultures and pinned for later identification. 

Culture vials were loosely recapped and placed in a plant 

growth chamber with a 12 hr photophase and a constant tem-

perature of 22 - 1°C. 
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After 2 weeks of incubation, the cultures were removed 

from the growth chamber for sampling. Culture vials were 

each agitated on a Vortex Jr. Mixer, and 3 samples (each 

consisting of 3 drops) were taken aseptically from each 

culture with sterile pipettes. Samples were subsequently-

examined microscopically for the presence of microorganisms. 

Three horizontal and 3 vertical transects of each microscope 

slide preparation were examined for each sample. The cul-

tures were then returned to the growth chamber for further 

incubation. Similar checks were made after approximately 

4 and $ weeks of incubation. 

Sham controls (exact simulation of the above procedures 

with "imaginary" insects) were made on each collection date 

to detect possible contamination of the culture medium by 

other than the insects during the capture, inoculation and 

sampling procedures, i.e., to control (1) sterility of the 

capture forceps, (2) possibility of atmospheric contamination 

of vials during inoculation and insect extraction, and 

(3) sterility of culture sampling. Other studies by the 

author have shown virtually no accidental contamination of 

culture vials using similar procedures. The sterility of 

the culture medium was checked by examining samples from 

non-inoculated, charged vials, treated the same as experi-

mental vials. 
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Identification of the taxonomically difficult coccoid 

forms of green and yellow-green algae was achieved by examin-

ing 2-week-old cultures of the algae grown in petri-dishes 

containing sterile BBM agar. 

All aquatic beetle identifications made by the author 

were confirmed by the Smithsonian Institution, U. S. National 

Museum. Terrestrial beetle identifications were confirmed 

by Dr. Horace R. Burke, Texas A & M University. 

Results 

The relative percentages of the total number of aquatic 

beetles collected in 1966, 1967, and 1968, on a monthly 

basis, were as follows: April—5%, May—50%, June—38%, 

July—1f0, September—3%, and October—3%. 

Eighty-three per cent of all the aquatic beetles studied 

were collected at night around lights in Lewisville, Texas, 

between the hours of 9 and 12 PM. The collection site was 

3/4 mile from the nearest pond or stream and approximately 

2 miles from Garza Little Elm Reservoir. The environmental 

conditions existing immediately prior to collections (previous 

24 hr, except rainfall which was previous 48 hr) were as 

follows: average temperature—23.9-25.8°C, average dew point— 

19.4-21.1°C, average wind speed—13.5-17.8 mph, resultant 
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wind direction—100$ SSE, average barometric pressure—29.28-

29.48 inches, sky cover—7/10 to 10/10, and total rainfall— 

0.03-1.68 inches. The wind' speed and relative humidity 

during the actual collecting periods were 9.2-12.7 mph and 

60.0-79.0$ respectively. 

The Hydrophilidae and Dytiscidae were the most common 

families of aquatic beetles collected. Tropisternus lateralis 

was the most common species collected. Others most frequently 

encountered included species of Thermonectus, Hydrochara, 

Copelatus, Laccophilus and Berosus. 

All 23 species of aquatic beetles studied carried micro-

organisms. Table 1 shows the different genera of algae and 

protozoa (indicated as numbers taken from Table 3) cultured 

in washings of each species. Only 11 of the 204 cultures 

contained no algae or protozoa. Six of these contained only 

fungi; the remaining 5 were totally negative. 

Table 2 shows the relative abundance of genera of algae 

and protozoa found on aquatic beetles. The total genera 

carried per beetle species ranged from 3, cultured from 

1 washing of Haliplus triopsis, to 81, cultured from 42 wash-

ings of Tropisternus lateralis nimbatus. Following Tropis-

ternus lateralis nimbatus in greatest total genera of algae 

and protozoa carried were Thermonectus ornaticollis—54, 
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Hydrochara obtusata—39, Berosus infuscatus—38, Hydrophilus 

triangularis—37, Copelatus chevrolati—36, Thermonectus 

basillaris—30, and Eretes sticticus--20. The remaining 

15 species of aquatic beetles carried fewer than 20 genera 

each. 

The 5 species carrying the highest average number of 

genera/individual were Tropisternus lateralis—10.8, 

Hydrophilus triangularis—10.7, Eretes sticticus—9.0, 

Tropisternus striolatus—8.3, and Dineutus assimilis—8.0. 

The remaining 18 species carried averages of I.7-7.7 genera/ 

individual; 8 of these carried averages of 6-8 genera/individual, 

The average number of genera of algae and protozoa per 

individual at the family level were Hydrophilidae—7.03, 

Dytiscidae—5.28, Gyrinidae—5-0, and Haliplidae—3.0. The 

average number of genera carried per individual for all 

23 aquatic beetle species was 5.8. 

Table 3 lists alphabetically the algal and protozoan 

genera cultured from the 23 species of aquatic beetles, and 

shows for each the percentage of frequency in the 204 cultures 

and percentage of frequency from the 23 species. One hundred 

and one different genera of algae (Chlorophyta—50, 

Chrysophyta—25, Cyanophyta—22, Euglenophyta--2, 

Chloromonadophyta—1 and Cryptophyta—1), 20 genera of 
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protozoa, and at least 1 genus of rotifer were cultured from 

the 204 washings. In addition, 7£$ of all the cultures ex-

amined contained unidentified fungal spores and/or mycelia. 

The 10 genera of microorganisms most common in the total 

cultures were Chlorella—68.6%, Phormidium—52.0%, Navicula— 

42.2$, Chlamydomonas—29.4$> Chlorococcum—27-5%> Bodo—27.0% 

Neochloris—26.5$> Scenedesmus—23.0$, Ankistrodesmus—22.6$, 

and Bracteacoccus—20.1$. The 10 genera of microorganisms 

occurring on the greatest percentage of aquatic beetle species 

were Phormidium—87.0$, Chlorella—7$.3$> Navicula—73.9%> 

Neochloris—-65.2$, Ankistrodesmus—56.5%, Chlamydomonas—56.5$? 

Scenedesmus---56.5$, Bodo—56.5%, Microcystis—52.2$, and 

Chlorococcum-- -47.8$. 

Terrestrial beetles were collected at all times of the 

year, except that period of time between the first and last 

frosts. The Carabidae and Scarabaeidae were the most common 

families of terrestrial beetles collected. Phyllophaga and 

Harpalus were the most common genera collected. 

All 16 species of terrestrial beetles studied carried 

one or more genera of microorganisms. Table 4 shows the 

different genera of algae and protozoa (indicated as numbers 

taken from Table 6) cultured in washings of each species. 

Seventeen of the 93 cultures contained no algae, protozoa, 
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rotifers, nematodes, mites or ticks. Fifteen of these 

contained only fungi; the remaining 2 were totally negative. 

Table 5 shows the relative abundance of genera of algae 

and protozoa found on terrestrial beetles. The total genera 

carried per beetle species ranged from 1 to 27- The 5 spe-

cies. which carried the largest numbers of genera of micro-

organisms were Megacephala Carolina—27? Phyllophaga torta-

27, Scaptolenus lecontei-—21, Calosoma marginalis—20, and 

Harpalus herbivagus—16. The remaining 11 species of ter-

restrial beetles carried fewer than 12 genera each. 

Brachynus sp. and Curculio \rictoriensis carried only fungal 

spores and/or mycelia. Harpalus gravis, Cicindela lepida, 

and Conoderus vespertinus each carried only a single genus 

of algae. The 5 species carrying the highest average number 

of genera per individual were Stenodontes dasytomus 

dasytomus-"9.0, Trox sonorae—1.5, Bothynus gibbosus—5.0, 

Megacephala Carolina—4.9> a^d Scaptolenus lecontei—4-4. 

Since only one individual each of Stenodontes and Trox were 

collected, it is difficult to compare the data from these 

species with that from the other species mentioned above. 

The average number of genera carried per.individual for all 

16 terrestrial beetle species was 3.0. 
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Table 6 lists alphabetically the algal and protozoan 

genera cultured from the 16 species of terrestrial beetles, 

and shows for each the percentage of frequency in the 93 cul-

tures and percentage of frequency from the 16 species. Fifty 

genera of algae (Chlorophyta—32, Cyanophyta—16, and 

Euglenophyta—2), 15 genera of protozoa, several different 

rotifers, and nematodes were cultured from the 204 washings. 

In addition, mites and ticks were washed from 2 of the 

species, and 53.8$ of the cultures contained fungi, such as 

Physarum, Alternaria, and Fusarium. The 10 genera of micro-

organisms most common in the total cultures were Chlorella— 

59.1$, Phormidium— 58.1$, Bodo—19-4$, Navicula—18.3$, 

Chlorococcurn--16.1$, Hantzschia—12.9$. Stichococcus—12.9$, 

Chlamydomonas—11.8$, Chlorosarcinopsis—10.8$, and Neochloris-

10.8$. The 8 genera of microorganisms occurring on the great-

est percentage of terrestrial beetle species were Chlorella— 

62*5^> Navicula—56.3$, Bodo—50.0$, Phormidium—43.8$, 

Chlorosarcinopsis 37«5$> Chlamydomonas—37-5$? Chlorococcum— 

31.3$, and Amoeba—31.3$. Microcystis, Oscillatoria, 

Bracteacoccus, Neochloris, and Stichococcus were all carried 

by 25$ of the beetle species. The remaining 56 genera of 

microorganisms were each cultured from less than 19$ of the 

species of terrestrial beetles. None of the 58 sham controls 
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collected during field inoculations, using both aquatic and 

terrestrial beetles, yielded microorganisms. 

Discussion 

Many species of aquatic beetles are strong fliers and 

are known to participate in periodic dispersal flights which 

may cover long distances (Usinger, 1963; Young, 1954). The 

occurrence of aquatic beetle dispersal is documented in the 

literature in four ways: 

(1) Actual.observation of beetles emigrating from a 

natural aquatic habitat. Zimmerman (1950) observed numerous 

species of aquatic beetles flying away from a small pond 

which was drying up. More than 50 individuals, most of 

which were Tropisternus lateralis nimbatus (Say), passed 

directly into the air from the water without any preliminary 

drying-off period. The nearest body of water to which the 

beetles could have emigrated was over one-half mile distant. 

(2) Observation and collection of aquatic beetles in 

small isolated bodies of water to which access by crawling 

from the ground would be improbable or impossible, e.g., tanks, 

stock troughs, fountains, and other small artificial environ-

ments. Macan (1939) collected IS species of aquatic beetles 

over a 6-year period from the Kings College fountain in 

Cambridge, England; the fountain was cleaned out several 
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times per year. Pearce (1939) reported the colonization of 

a bird bath by water beetles. Dietze (1952) collected 

16 genera of aquatic beetles from a fountain in the main 

square of Leipzig, Germany. 

(3) Observations of the early colonization of newly 

formed natural or artificial isolated bodies of water. 

Wilson (1923) collected 8 species of aquatic beetles from 

two newly constructed ponds, 1 day after the water was 

let in. Grensted (1939) collected over 100 aquatic beetles 

from a small canvas tank 1 ft deep and 5 ft across in his 

garden at Oxford, England,during a single night. Balfour-

Browne (1952) collected many water beetles from two tubs 

exposed for a summer and examined every 3 days. Fernando 

(195Sa) found 14 species of hydrophilid and 2 species of 

dytiscid beetles colonizing temporary aquatic habitats which 

he set up .in Cassington and Wytham. Helophorus brevipalpis 

was the beetle most commonly collected. Over 1500 specimens 

of H. brevipalpis were collected from a 4 ft by 4 ft artifi-

cial pond during a single night. Sublette and Sublette (1967) 

studied the colonization of playa lakes on the high plains 

of West Texas and Eastern New Mexico. These shallow, closed-

basin lakes vary considerably in size and are usually dry by 

late summer. They are filled again by spring rains. Twelve 
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species of aquatic beetles were found colonizing these lakes 

during the first 4 weeks after filling. Nineteen species 

of aquatic insects, identical to ones collected in the playas, 

were collected from nearby windmill pools which served as a 

source of recruitment for the playas when they became filled. 

(4) Collection of aquatic beetles in light traps, or 

observations of them accumulating around lights at night, 

often considerable distances from any known aquatic habitat. 

Sherman (1933) said that many hydrophilid beetles are col-

lected at lights in the desert regions many miles from any 

known water supply. Carter (1930) reported a swarm of 

insects, including 4 species of terrestrial beetles and 

1 hydrophilid, around lights at night in Rocky Ford, Colorado. 

Yamamoto (1951) collected 51 species of aquatic beetles at a 

light trap operated in a rice field in Japan. Of the 51 

species collected, 21 were hydrophilids and 3 were gyrinids. 

Cumber (1953) gave flight records for 18 species of Coleoptera 

(2 of them aquatic) and 11 species of Hemiptera collected 

with a light trap at Paika. Scott (1953) reported a swarming 

of 4 species of aquatic beetles to house lights during a 

long summer dry period. Huggins (1954) reported the collec-

tion of large numbers of female Dytiscus marginalis L. at a 

light trap. Fernando (1958a, 1961) reviewed much of the 
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literature on collection of aquatic insects at lights, and 

reported the collection of 21 species of aquatic beetles and 

10 species of aquatic bugs at lights in Ceylon. 

It is perhaps noteworthy that 9 of the species of aquatic 

beetles collected at lights during the present study were 

also found colonizing playa lakes in West Texas and Eastern 

New Mexico (Sublette and Sublette, 1967). 

Young (I960) states that included in the fauna of any 

new temporary pond will be a nucleus of species of water 

beetles which may be referred to as "pioneer" types. These 

"pioneer species" invade any newly formed bodies of water 

and then gradually decrease in number as the body of water 

develops a characteristic flora and fauna of its own. It is 

assumed that these "pioneer species" emigrate to other newly 

formed bodies of water. Young also states that the major 

portion of the species of water beetles in any temporary 

pond is composed of species which immigrate from other habitats 

in the area and are often characteristic of these other habi-

tats. For example, species of water beetles characteristic 

of deep, permanent ponds may be found in shallow, temporary 

pools because they have migrated there during periods in 

which they were of maximum abundance in other situations. 
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Fernando (1958a) states that dispersal of aquatic 

beetles can be divided into three periods: 

(1) In the spring, overwintering adults invade small 

habitats to breed, thus expanding the range of the species 

and relieving future crowding problems. 

(2) In mid and late summer, there are large flights of 

old and newly formed adults due to overcrowding in and/or 

drying up of the small breeding habitats. 

(3) In autumn, there is a movement of adults from 

small aquatic habitats to larger bodies of water which act 

as a buffer against harsh winter conditions. Some aquatic 

beetles are known to hibernate in the mud of small aquatic 

habitats. 

From the above discussion, it is apparent that the 

dispersal of adult aquatic beetles is not random nor acciden-

tal, but a regular integral part of the life cycle of the 

insects. This, coupled with the large numbers of microorgan-

isms cultured from washings of aquatic beetles in this study, 

implicates aquatic beetles as important dispersal vehicles 

contributing to the colonization of aquatic habitabs by 

small organisms such as algae, protozoa, and fungi. 

The factors controlling the time of migration of aquatic 

beetles are not definitely known. Some studies (Stehr, 1931; 
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Popham, 1942, 1953; Jackson, 1952) indicate that light inten-

sity or duration may play an integral role. Other authors 

state that fluctuations in barometric pressure cause aquatic 

insects to fall into a "nervous state" which stimulates them 

to migrate. However, other investigators (Nath, 1933; 

Fernando, I960, 1961; Huggins, 1954) indicate that aquatic 

beetles fly most frequently on warm damp nights, preferably 

when a fine rain is falling. 

Collection records of aquatic beetles examined in the 

present study indicate that in Texas there are two main 

dispersal periods: a spring dispersal flight in May and 

early June, and a fall dispersal flight in September and 

October. These roughly coincide with the heaviest rainfall 

periods in Texas. In addition, sporadic dispersions occur 

on warm summer nights, usually within I+& hr of some previous 

rainfall. Weather data also showed that a light SSE wind 

was associated with successful aquatic beetle dispersions. 

The occurrence of terrestrial beetles at lights and 

light traps during warm weather, except under very adverse 

weather conditions, is well documented in the literature. 

Data given in Table 4 suggest that lateral movements of 

terrestrial beetles contribute to passive dispersal of algae, 

protozoa and fungi. 
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Documentation of occurrence of viable algae and protozoa 

on dispersing insects, by culturing "washings" of the exter-

nal body parts, is advantageous in that the technique yields 

populations from small numbers of disseminules that might 

be overlooked in direct examination. Also, confidence in 

identification of individual vegetative or resistant forms, 

purely on a morphological basis is difficult if not impossible 

with some groups of algae (e.g., Chlorococcales). Identifica-

tions of populations in culture of such groups are much more 

reliable. Also, they are morphologically distinct under 

defined culture conditions. Such documentation, however, has 

disadvantages: (1) To obtain the widest spectrum in culture 

of microorganisms transported by insects,a "broad spectrum" 

culture medium and defined culture conditions must be employed. 

These may exclude detection of forms whose tolerance falls 

outside the parameters of the culture medium or culture con-

ditions. (2:) Unless specific body parts of the dispersing 

vehicle (insects) are "washed," the site of transport of 

disseminules remains obscure. Vegetative cells, zygotes, 

akinetes, aplanospores, autospores, zoospores, cysts, and 

other forms of disseminules of algae, protozoa, fungi, etc. 

could be carried externally between overlapping plates, 

lodged in various pits, crevices, or invaginated areas of, 
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or between sclerites, or lodged between hairs of the body or 

appendages. In addition, the above forms can be carried 

internally via the alimentary tract if able to survive the 

digestive processes (Stewart and Schlichting, 1966; Milliger 

and Schlichting, 1968). (3) The form of disseminules (e.g., 

vegetative or resistant) and therefore the viability main-

tenance during exposure to atmosphere remain unknown, except 

that time required to yield populations may be indicative of 

whether progenitors xvere vegetative (shorter time) or whether 

in some resistant stage (longer time, requiring excystment 

etc.). Of course, specific studies may be designed to answer 

all of these questions, once the method of dissemination of 

disseminules (in the present case, via aquatic beetles) has 

been determined. 

Stewart and Schlichting (1966) emphasized the difficulty 

of attempting to correlate the specific activities of insects 

in nature with the pick-up of given disseminules. Data from 

the several recent studies regarding passive dispersal of 

microorganisms by insects CStewart and Schlichting, 1966; 

Parsons, Schlichting and Stewart, 1966; Revill, Stewart and 

Schlichting, 1967a; Revill, Stewart and Schlichting, 1967b; 

Milliger and Schlichting, 1963; and Stewart and Milliger 

(unpublished)3 have been insufficient in determining whether 
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pick-up of disseminules is accidental or is directly related, 

in some instances, to peculiar habits of insect species. The 

general lack of knowledge concerning life histories of most 

of the insect species studied has restricted efforts in this 

regard. 

The importance of Hygrotus nubilus, Laccophilus proximus, 

Thermonectus basillaris, and Tropisternus lateralis nimbatus 

as dispersal vehicles (Table 1) is greatly enhanced by knowl-

edge that these species are very active fliers and are in-

cluded among the major "pioneer species" (Young, I960) in the 

early colonization of any newly formed or temporary body of 

water. 

Milliger and Schlichting (196$) demonstrated the trans-

port of numerous genera of algae and protozoa in the gut of 

Tropisternus lateralis nimbatus. Assuming this applies to 

other hydrophilid beetles might, in part, explain the larger 

average numbers of genera/insect transported by the Hydrophil-

idae compared to the Dytiscidae (7.03 compared with 5.2$, 

respectively). Fewer viable algae would be expected from 

fecal deposition in cultures, between inoculation and extrac-

tion, by predacious dytiscids. 

Sixty-seven genera of microorganisms previously unreported 

from field-collected aquatic insects were found on aquatic 
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beetles (Table 3). These include Gonyostomum and Gryptomonas, 

which are members of two previously unreported Divisions of 

algae, the Chloromonadophyta and Cryptophyta, respectively. 

The unicellular volvocalean algae, Chlamydomonas and 

Haematococcus, were found on both hydrophilids and dytiscids, 

while the colonial volvocalean algae Pandoriria and Eudorina 

were found only on Berosus infuscatus and Tropisternus 

lateralis nimbatus. This further documents growing evidence 

CMilliger and Schlichting, 196$; Stewart and Milliger, (un-

published).] that insect-transport of colonial Volvocales 

occurs primarily via the alimentary tract of herbivorus 

species. 

The Hydrophilidae carried 101 of the 122 genera of algae 

and protozoa cultured from the 23 species of 4 families of 

aquatic beetles studied; the- Dytiscidae carried S3. Fleurogaster 

was the only organism not carried by either hydrophilids or 

dytiscids. Dytiscids carried more genera of protozoa than 

did hydrophilids, 16 and 12 of 20, respectively. No protozoa 

were cultured from gyrinids or halipids. 

The high percentage of frequency of Chlorella, Phormidium, 

Navlcula, Chlorococcum, Chlamydomonas, and Bodo in the cul-

tures from aquatic beetles correlated well with the results 

of previous studies on dispersal of microorganisms by aquatic 
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insects. Aquatic beetles carried a larger total number of 

different genera of microorganisms and had a lower percentage 

of negative cultures than any other order of aquatic insects 

previously studied. 

The relatively high frequencies of occurrence of Chlorella, 

Phormidium, Bodo, Navicula, Chlorococcum, and Chlamydomonas 

on terrestrial beetles correlated well with data obtained 

from aquatic insects, including aquatic beetles. Disseminules 

of these are found in both terrestrial and aquatic situations. 

However, the absence, or limited presence, of many typically 

planktonic algal genera (e.g., Anacystis, Ankistrodesmus, 

Eudorina, Pandorina, Pediastrum, Scenedesmus, etc.) in the 

cultures reflects limited contact by terrestrial beetles 

with aquatic habitats; this is perhaps further reflected in 

the comparison of average numbers of genera carried per 

terrestrial beetle with those from aquatic beetles (3-0 and 

5.$ genera/insect, respectively). 

Some terrestrial beetles (e.g., cicindelids) which often 

frequent the interphase between aquatic and terrestrial envi-

ronments pick up disseminules from both environments. The 

data gathered in the present study suggest that terrestrial 

beetles play an important role in the dispersion of various 

soil organisms. 
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TABLE 3 

Frequency of occurrence of algae and protozoa in 204 cultured 
washings of 23 species of aquatic coleoptera 

Organisms % Frequency, 
Cultures 

% Frequency, 
Insect Species 

Division Cyanophyta 
1. Anabaena sp 6.4 26.1 
2. Anacystis sp 6.9 39.1 

*3. Aphanothece sp 0.5 4.3 
4. Arthrospira sp 2.5 17.1 
5. Calothrix sp. 1.5 8.7 

*6. C hamae s iphon sp 1.0 8.7 
7. Chroococcus sp 4.9 13 .0 

*8. Eucapsis sp 1.0 8.7 
9. Gloeothece-like 0.5 4.3 

*10. Lyngbya lagerheimia .. 0.5 4.3 
11. Lyngbya sp 18.1 43.5 
12. Meri smopedia sp 1.0 8.7 
13. Microcystis sp 11.3 52.2 

*14. Nodularia sp 0.5 4.3 
-15. Nostoc sp 2.0 17.4 
16. O'scillatoria sp 6.9 39.1 
17. Phormidiura sp 52.0 87.0 

*18. Plectonema sp 2.0 17.4 
*19. Pseudanabaena sp. ... 2.5 13.0 
*20. Romeria-like 0.5 4.3 
21. Spirulina sp 1.0 8.7 

*22. Stigonema sp 1.0 4.3 

Division Chloromonadophyta 
*23 . Gonyostomum sp 0.5 4.3 

Division Chlorophyta 
*24. Actinastrum sp 1.0 8.7 
25. Ankistrodesmus sp. 22.6 56.5 

*26. Borodinella sp 1.0 4.3 
27. Bracteacoccus sp. ... 20.1 39.1 

*28. Bulbochaetae sp 0.5 4.3 
*29. Characium sp 5.4 30.4 
30. Chlamydomonas sp. 29.4 56.5 
31. Chlorella sp 68.6 78.3 
32. Chlorococcum sp 27.5 47.8 
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TABLE 3—Continued 

Organisms % Frequency, 
Cultures 

% Frequency, 
Insect Species 

Division Chlorophyta (Continued) 
33 - Chlorosarcina sp 2.5 8.7 

*34- Chlorosarcinopsis sp. 10.3 26.1 
35. Coelastrum sp 1.5 8.7 

*36. Coleochaetae sp 0.5 4.3 
37. Cosmarium sp 8.3 26.1 

*38. Cylindrocapsa sp 6.9 17.4 
*39. Cylindrocystis sp. ... 0.5 4.3 

40. Eudorina sp 2.0 8.7 
*41. Franceia sp 1.0 8.7 

42. Gloeocystis sp 7.8 17.4 
*43. Golenkinia sp 0.5 4.3 
*44 • Haematococcus sp. .... 3.4 17.4 
*45. Hapalosiphon sp. ..... 1.5 8.7 
*46. Hormidium sp 8.3 21.7 
*47. Micractinium sp 1.5 8.7 

48 • Microspora sp 0.5 4.3 
*49. Microthamnion sp. .... 1.5 8.7 

50. Nannochloris sp. ..... 1.5 13.0 
*51. Neochloris sp. 26.5 65.2 

52. Oedogonium sp 2.9 17.4 
53. Oocystis sp 12.3 43.5 

*54. Pandorina sp 1.5 8 .7 
55. Pediastrum tetras .... 0.5 4.3 
56. Pediastrum sp 1.5 8.7 

*57. Planktosphaeria sp. 1.0 8 .7 
58. Protococcus sp 4.4 17.4 

*59. Protoderma sp 3.4 17.4 
*60. Radiosphaera sp. 1.5 13.0 

61. Scenedesmus sp. 23.0 56.5 
*62. Schizochlamys sp 0.5 4.3 

63. Selenastrum sp 1.0 8.7 
*64. Sphaerocystis sp 1.5 8.7 
*65. Spongiochloris sp. ... 12.3 30.4 
66. Spirogyra sp. ........ 0.5 4.3 

*67. Staurastrura sp. 0.5 4.3 
68. Stichococcus sp 7.9 30.4 

*69. Stigeoclonium sp. .... 1.5 13.0 
*70. Tetraedron sp 5 -4 30.4 
*71. Tetracystis sp. 2.5 17.4 
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TABLE 3 —Continued 

Organisms % Frequency, 
Cultures 

% Frequency, 
Insect Species 

Division Chlorophyta (Continued) 
72. Ulothrix sp. 

*73. Uronema sp 

Division Chrysophyta 
74. Achnanthes-like ...... 

*75. Botrydiopsis sp. ..... 
*76. Bumilieria sp 
*77- Chlorellidium sp 
7$. Chloridella sp. 

*79. Chlorocloster sp 
80. (Thromulina sp 

*$1. Chrysamoeba sp 
*$2. Cocconeis sp 
*83. Cyclotella sp 
84. Cy rubella sp 

*85. Fragilaria sp 
*86. Gloeobotrys sp 
87. Gomphonema sp 

*88. Hantzschia sp 
*89. Mcnallantus sp 
90. Navicula sp 

*91. Ochrornonas sp 
92. Pinnularia sp 

*93- Pleurogaster sp 
94. Rhizochrysis sp 

*95. Rhopalodia sp 
*96. Synedra sp 
*97. Tabellaria sp 
*98. Tribonema sp. ........ 

Division Cryptophyta 
*99. Cryptomonas sp 

Division Euglenophyta 
100. Euglena sp 

*101. Lepocinclis sp 

Phylum Protozoa 
102. Amoeba sp. 

7.4 
2.9 

0.5 
1.0 
2.5 
0.5 
0.5 
1.0 
0.5 
0.5 
0.5 
0.5 
8.8 
4.4 
0.5 
1.5 
4.9 
1.0 
42.2 
1.5 
3.4 
0.5 
1.0 
0.5 
1.5 
0.5 
8.8 

0.5 

6.4 

0.5 

9.3 

26.1 
4.3 

4.3 
8.7 
13.0 
4-3 
4.3 
4.3 
4.3 
4.3 
4.3 
4.3 
30.4 
26.1 
4.3 
8.7 
17.4 
8.7 
73.9 
4.3 
17.4 
4.3 
4.3 
4.3 
13.0 
4.3 
13.0 

4.3 

21.7 
4.3 

34.8 



TABLE 3—Continued 
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Organisms % Frequency, % Frequency, 
Cultures Insect Species 

Phylum Protozoa (Continued) 
104. Actinophrys sp 1.0 6.7 
105. Anisonema sp 4.4 17.4 

*106. Astramoeba sp 1.0 S.7 
107. Bodo sp 27.0 56.5 
103. Colpoda sp 2.0 13.0 

*109. Colpidium sp 0.5 4.3 
*110. Cyclidium sp 0.5 4 .3 
*111. Epistylis sp 0.5 4 .3 
*112. Halteria sp 1.5 13.0 
*113 . Heteronema sp 1.0 a . 7 

114. Oikomonas sp 0.5 4.3 
115. Paramecium sp 1.0 3.7 
116. Peranema sp 6.9 17.4 

*117. Stylonychia sp 0.5 4.3 
*118. Tokophrya sp 0.5 4.3 

119. Vahlkampfia sp 0.5 4.3 
*120. Vorticella sp 0.5 4.3 

121. unidentified flagellate 0.5 4.3 
122. unidentified protozoan 

cvsts 10.3 43.5 

T - = Reported for the first time on aquatic insects. 
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TABLE 6 

Frequency of occurrence of algae and protozoa in 93 cultured 
washings of 16 species of terrestrial coleoptera 

Organisms % Frequency, % Frequency, 
Cultures Insect Species 

Division Cyanophyta 
1. Anabaena sp. 

Anabaenopsis sp 
Anacystis sp. 
Aphanothece sp 
Borzia-like 

*2. 
3. 
4. 
*5. 
6. 
7. 
8. 
9. 
10. 
11. 
12. 
13. 
14-

*15. 
*16. 

Division 
17. 
IS. 
19. 
20. 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
23. 

*29. 

Neochloris 
Oocystis 
Palme Ha-

sp . 
like 

'3 0. Palmellococcus sp 
*31. 
32. 
33. 
34. 

Palmodictyon sp. 
Protococcus sp. 
Scenedesmus sp. 
Sphaerocystis sp. 

Calothrix sp. 
Chroococcus sp 
Lyngbya.sp. 
Merismopedia sp 
Microcystis sp 
Nostoc sp. 
Oscillatoria sp 
Phormidium sp. 
Plectonema sp. 
Polycystis sp. 
Tolypothrix sp. 

Chlorophyta 
Braeteacoccus sp. 
Characium sp. .. . 
Chlamydomonas sp. 
Chlorella sp.' 
Chlorococcum sp. 
Chlorococcum-like 
Chlorosarcina sp. 
Chlorosarcinopsis sp 
Cylindrocystis sp 
Hormidium sp. 

sp. 

6.5 
1.1 
1.1 
1.1 
1.1 
2.2 
2.2 
9.7 
1.1 
8.6 
2.2 
9.7 
58.1 
1.1 
1.1 
1.1 

6.5 
3.2 
11.8 
59.1 
16.1 
1.1 
1.1 
10.8 
1.1 
3.2 
10.8 
5.4 
1.1 
1.1 
1.1 
5.4 
1.1 
1.1 

18.8 
6.3 
6.3 
6.3 
6.3 
6.3 
12.5 
18.8 
6.3 
25.0 
6.3 
25.0 
43.8 
6.3 
6.3 
6.3 

25.0 
12.5 
37.5 
62.5 
31.3 
6.3 
6.3 

37.5 
6.3 
12.5 
25.0 
12.5 
6.3 
6.3 
6.3 
6.3 
6.3 
6.3 
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TABLE 6—Continued 

Organisms io Frequency, fo Frequency, 
Cultures Insect Species 

Division Chlorophyta (Continued) 
35 . Spongiochloris sp. 2 . 2 12 .5 
3 6 . Stichococcus sp 12 .9 2 5 . 0 
3 7 . Tetraedron sp 1 . 1 6 . 3 
3 3 . Tetracystis sp 1 . 1 6 . 3 
3 9 . Ulothrix sp 1 . 1 6 . 3 

Division Chrysophyta 
*40 . Chlorellidiopsis sp. 2 . 2 6 . 3 

4 1 . Chloridella sp 2 . 2 6 . 3 
4 2 . Chrysamoeba sp 1 . 1 6 . 3 
43 . Fragilaria sp 2 . 2 1 2 . 5 

*44 • Gloeochloris sp 1 . 1 6 . 3 
45 . Hantzschia SD 12 .9 1 3 . 3 
46. Navicula sp 13 .3 56 .3 
47 . Pinnularia sp 3 . 2 1 3 . 3 
43. Tribonema sp 2 . 2 6 . 3 

Division Euglenophyta 
*49 . Cryptoglena sp 1 . 1 6 . 3 

50 . Euglena sp 1 . 1 6 . 3 

Phylum Protozoa 
51. Amoeba sp 3 . 6 3 1 . 3 

*52 . Anisonema sp.- 3 . 6 12 .5 
53. Astasia sp 1 . 1 6 . 3 
54. Astramoeba sp 1 . 1 6 . 3 
55. Bodo sp 19 .4 5 0 . 0 
56. Colpoda sp 2 . 2 6 . 3 
57. Colpidium sp 1 . 1 6 . 3 

*53. Diplomita sp 1 . 1 6 . 3 
59. Heteronema sp 1 . 1 6 . 3 
60 . Mastigamoeba sp. .... 1 . 1 6 . 3 
61 . Oikomonas sp 2 . 2 6 . 3 
62. Parame c ium sp 1 . 1 6 . 3 
63. Peranema sp 1 . 1 6 . 3 
64. Unidentified protozoan 

cysts 14-0 3 7 . 5 
65 . Unidentified ciliate 1 . 1 6 . 3 
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TABLE 6—Continued 

Organisms % Frequency, 
Cultures 

% Frequency, 
Insect species 

Higher Animals 
66. Rotifera 1.1 6.3 

*67. Nematoda 1.1 6.3 
68. Mites 2.2 12.5 
69. Ticks 1.1 6.3 

<J+ Reported for the first time on insects * 
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CHAPTER II 

LABORATORY STUDIES ON THE PASSIVE DISPERSAL OF VIABLE 

ALGAE AND PROTOZOA IN THE ALIMENTARY TRACT OF 

TROPISTERNUS LATERALIS NIMBATUS (SAY) 

Introduction 

Many species of aquatic beetles are strong fliers and 

participate in periodic dispersal flights,which usually 

occur in the spring and fall (Usinger, 1963). Zimmerman 

(1950) observed numerous species of aquatic beetles flying 

away from a small pond which was drying up. More than 

50 individuals passed directly into the air from the water 

without any preliminary drying-off period and most were 

Tropisternus lateralis nimbatus (Say). The closest body of 

water to which the beetles could have emigrated was over 

one-half mile distant. 

Included in the water beetle fauna of any new temporary 

pond will be a nucleus of species which may be referred to 

as pioneer types (Young, I960). These pioneer species invade 

any newly-formed body of water and gradually decrease in 

number as the body of water develops a characteristic flora 

and fauna of its own. One of the most common and widely 
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distributed of these pioneer species is Tropisternus lateralis 

nimbatus (Say). 

The preceding information led the author to investigate 

the role which Tropisternus lateralis plays in the passive 

dispersal of algae and protozoa from one body of water to 

another. 

Several beetles (T. lateralis) were observed depositing 

fecal pellets composed of algae and enclosed by a peritrophic 

membrane. These observations seemed important to the author 

in explaining the successful internal carriage of algae and 

protozoa by these beetles. Only two references (Parsons 

et al.j 1966; Stewart and Schlichting, 1966) were found con-

cerning the transport of viable algae and protozoa via the 

gut contents of aquatic insects. Both studies concerned 

various Odonata showing relatively few genera of viable 

algae and protozoa to be transported in the fecal deposits 

of these carnivorous insects. Schlichting (195$) and espe-

cially Proctor (1959), Malone (1965), and Proctor and Malone 

(1965) have demonstrated the importance of internal carriage 

of algae by waterfowl. The purpose of this investigation 

was to determine the role which fecal deposits of the water 

beetle Tropisternus lateralis may play in the dispersal of 

algae and protozoa and to determine the relative importance 

of internal and external carriage. 
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Materials and Methods 

The culturing medium used for this study was composed 

of 50% soil-water extract and 50% Bold's Basal Medium (BBM) 

(Bischoff and Bold, 1963) at a pH of approximately 7.4. The 

soil-water extract was prepared as follows: 200 g of Texas 

Soil (loam) were added to a 2,000-ml flask containing 1,000 ml 

of glass-distilled water. The resulting mixture was well 

shaken and allowed to stand, for 24 hr. The mixture was then 

paper-filtered to remove as much of the large debris as pos-

sible. The resulting supernatant was filtered under aseptic 

conditions using a 0.22 JI pore diameter millipore-filter to 

render the solution bacteria-free. 

" The BBM was autoclaved at 15 lb pressure for 15 min to 

render it bacteria-free. It was then mixed with an equal 

volume of sterile soil-water extract, 20 ml of the mixture 

being aseptically placed in sterile, screw-capped, $-dram 

vials using a Brewer Automatic Pipette machine. 

The beetles used in the study were field collected and 

maintained for 3 months in a large aquarium which contained 

masses of Myriophyllum sp. but very little visible filamentous 

algae (Environment I). 

Ten specimens of Tropisternus lateralis were removed 

one at a time from Environment I with sterile forceps. After 
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the excess water was shaken off, each was placed in a sterile 

culture vial (Vials A-l through A-10) whiere they were allowed 

to swim for 5 min. The beetles were then removed aseptically 

and placed in sterile culture vials labeled B-l through B-10. 

Vials A-l through A-10 were placed in a growth chamber under 

constant conditions (a 12 hr photophase with a constant tem-

perature of 20 C - 1 C). Vials B-l through B-10 containing 

the beetles were agitated on a Vortex Jr. mixer for 2 min, and 

the beetles allowed to swim for an additional 3 min before 

they were aseptically removed, shaken air-dry, and placed 

into a large"culture flask containing a mixed population of 

equal proportions of the following 11 genera of algae obtained 

from the Indiana University Algal Culture Collection (Environ-

ment II}: 

LB 107 
LB 954 
LB 796 
LB 933 
LB 43 
LB 788 
LB 144 
LB 121 
LB 614 
LB 314 
LB 435 

Ankistrodesmus spiralis 
Bulbochaetae hiloensis 
Chlamydomonas sp. 
Oedogonium foveolatum 
Ophiocytium maius 
Pandorina morum 
Pediastrum sp.~ 
Radiosphaera dissecta 
Scenedesmus quadricauda 
Stichococcus bacTllaris 
Stigeoclonium variabile 

The B-series vials were loosely capped and placed in the 

growth chamber with the A-series vials. The beetles were 

allowed to swim in Environment II for 30 min, after which they 
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were aseptically removed, shaken to remove water, and placed 

in a series of vials labeled C-l through C-10. The beetles 

were allowed to swim in the C-series vials for 5 min and 

then returned to the Environment II flask and the C-series 

vials placed in the culture chamber. 

The abdomens of three additional beetles removed from 

Environment I were swabbed with alcohol, and the mid and 

hind gut of each dissected out and aseptically placed in 

sterile culture vials labeled .FP-1, 2, and 3• Three media 

control vials (uninoculated, with caps loosened).and 3 growth 

control vials (inoculated with 5 drops of the algae and the 

media from Environment II and loosely capped) were also 

placed in the growth chamber. 

The beetles were allowed to swim and feed freely in 

Environment II for 1+& hr, after which they were aseptically 

removed and each introduced into culture vials labeled D-l 

through D-9. One beetle had died during the 43-hr period 

in Environment II. The beetles were allowed to swim in the 

vials for 5 min and were then placed in sterile culture-

vials labeled E-l through E-9. The beetles were allowed to 

swim in the E-series vials for 3 min, after which they were 

agitated on a Vortex Jr. Mixer for 2 min. The beetles were 

then removed aseptically and the vials loosely capped and 
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placed in the growth chamber. The abdomen of each beetle 

was cleaned with alcohol arid the gut (mid and hind) dissected 

out aseptically and placed in sterile, culture vials labeled 

F-l through F~9, respectively. After 14 days, the contents 

of each vial were examined microscopically for the growth of 

algae and protozoa. 

The routine examinations over a 2 to 7 week period 

were done as follows: 3 drops were taken randomly from 

each vial after agitation on a Vortex Jr. Mixer for 1 min. 

Three transects (one vertical and two horizontal) were studied 

for each drop and the results recorded in Tables 7 and 3. 

Algal taxonomic determinations were made according to 

Smith, 1950, and Prescott, 1964; protozoan taxonomic determina-

tions were made according to Kudo, 1954; and beetle taxonomy 

was made according to Usinger, 1963, and Young, 1954. 

Results 

Two to seven times more genera were found in cultured 

beetle washings containing fecal deposition (Table 7). Agi-

tation of the insect in the washing medium with a Vortex Jr. 

Mixer (vial series B and E) did not increase the number of 

genera of algae and protozoa cultured from any one beetle, 

provided that both cultures were identical in the presence 

or absence of a fecal deposition at the time of washing. 
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However, agitation did increase the population densities of 

the genera found to be present in the B and E series vials. 

Navicula and Lyngbya may have been transported only on the 

external body parts of the beetle since they were easily 

dislodged and did not occur in the cultured gut contents 

nor in later external washings of the same beetle (Tables 7 

and 8). 

The genera from Environment II in the series C vials 

were carried there on the external body parts of the beetles 

since the beetles had been in that environment for only 

30 min and had not had time to contaminate their hind gut 

with algae from that environment. Since the beetles had 

already been washed twice (series A and B), any genera from 

Environment I which showed up in series C vials were probably 

carried there in the gut contents of the beetle. This is 

further substantiated by the fact that vials in series C 

which lack a fecal deposition have fewer genera from Envi-

ronment I than do vials with a fecal deposition. Apparently 

Bodo and Chlorella could have been transported to the C vials 

on the surface of the insect•s body since they also show up 

in the vials which lack a fecal deposition. 

With the exception of Amoeba, Bodo, and Chlorococcum, 

all of the genera from Environment I found in series C vials 
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were also cultured from the- dissected gut of beetles taken 

from Environment I. Chlorococcurn is probably an exception 

here since it was found only in one vial. 

The three Media Control vials revealed no biological 

growth, and all 11 genera from Environment II grew well in 

the three Growth Control vials. 

Ten of the 11 genera of algae introduced into Environ-

ment II were found in the majority of series D and E vials 

which contained a fecal pellet. The D and E series vials 

which lacked fecal deposition almost always had less genera 

than those with a positive fecal deposition (Table 7). Only 

Pandorina was transported solely in the gut contents. 

Chlamydomonas was nearly always present in cultures with 

fecal deposition, but was also occasionally found in cultures 

without fecal deposition. There were still organisms from 

Environment I occurring in vial series D and E. Perhaps 

these were not dislodged from the beetle in previous wash-

ings, or perhaps in some cases these protozoans could be a 

permanent resident of the beetle's gut, or they may have 

been transferred to Environment II when the C series washings 

were made and then increased in population very rapidly so 

as to be picked up again by the beetles and transferred to 

the D and E series vials 43 hr later. 
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Table 3 lists the genera of algae and protozoa cultured 

from the dissected mid and hind gut of the beetles after they 

had been in Environment II for hr. Of the genera found 

in series D and E vials, only Amoeba and Bulbochaetae are 

not found in the dissected gut cultures. Perhaps one can 

assume from this that Amoeba and Bulbochaetae were transported 

only externally to these vials. As Bodo and Colpoda were both 

found commonly in the dissected gut cultures, perhaps they 

may sometimes be natural residents of the beetle's gut. 

The difference between vials with and without fecal 

deposition coming from Environment I is much more pronounced 

than in similar vials coming from Environment II; this is 

probably due to the greatly increased Organism/container-

volume ratio to be found in Environment II, which provides 

an increased beetle-to-microorganism contact and thus increases 

the external carriage. 

Conclusions 

(1) The fecal pellets of the water beetle Tropisternus 

lateralis may play an important role in the passive dispersal 

of algae and protozoa. The large number of genera transported 

in the gut of these beetles indicates that they are prodigious 

herbivores and may play an important role in the nutrient 

cycles of many aquatic habitats. 
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(2) The number of genera of viable algae and protozoa 

transported in the gut and fecal deposits of this beetle may 

often greatly exceed the number of genera of viable algae 

and protozoa transported externally on the beetle's body. 

(3) Increased agitation of the culture vials, using a 

Vortex Jr. mixer, while making beetle washings does not affect 

the total number of different genera transported, but does 

increase substantially the number of individuals of each 

genus in the vials after they are incubated. 

The foregoing conclusions are especially significant 

from a dispersal viewpoint when coupled with the role which 

Tropisternus lateralis plays as a pioneer species in the 

biological succession of any newly formed body of water. 

Algae and protozoa carried in the gut of a migrating beetle 

would be much less affected by environmental conditions 

(e.g., desiccation, high temperature, radiation, etc.) which 

may limit severely the viability of algae and protozoa trans-

ported externally on the insectfs body. 

Additional laboratory studies by the author have shown 

that the hydrophilid beetle Hydrophilus triangularis consumes 

an average of 3 - 7 g (wet weight) of Nitella per gram of beetle 

body weight in a 48 hr period. Thus, this beetle consumes 

approximately twice its own body weight in algae every 24 hr. 
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One can therefore see that herbivorus aquatic beetles do 

consume large quantities of algae and that some of the algal 

cells remain viable in the beetles' gut contents to be passed 

out into a different aquatic habitat should the beetle 

migrate before it defecates. 
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TABLE g 

Algae and protozoa cultured from the dissected gut 
of the beetles which had been washed 

in vial series D and E* 

Organisms Environment 

Ankistrodesmus (107) II 
Bodo sp I 
Chlamydomonas (796) . II 
Colpoda sp I 
Oedogonium (933) II 
Ophiocytium (48) II -
Pandorina~T7&8) II 
Pedlastrum (144) II 
Radiosphaera (121) . . . . II 
Scenedesmus (614) II 
Stichococcus (314) II 
StigeocIonium (435) II 

*The symbols I or II after a generic name indicate 
whether the genus originated from Environment I or Environ-
ment II. 
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