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Ten species of myxobacteria were identified from samples from an alkaline
bog and adjacent soils. The frequency of occurrence and the diversity of species
were highest at the margin of the bog and were lowest in the center and bottom
of the bog lake.

Recent studies indicate that members of the
family Myxococcaceae are frequently found in
marine and freshwater environments (1-4, 8,
15), although it has been suggested that their
presence in these habitats may be a result of
runoff from adjacent soils (3; E. R. Brockman,
Bacteriol. Proc., p. 52, 1971). An increase in the
occurrence of myxobacters has been reported in
freshwater that is heavily laden with coliform
bacteria (8, 15). This study was undertaken to
determine which myxobacterial species were
present in an alkaline bog lake and to estimate
their relative frequency of occurrence.
The study area, Davis Lake (Vestaburg Bog),

is located 1.5 km southeast of Vestaburg,
Mich., in the central portion ofthe state's lower
peninsula. The bog lake measures 100 by 80 m
and occupies the bottom of a steeply banked,
oblong basin measuring 500 by 150 m (5). The
bog lake is bordered on three sides by a quaking
Sphagnum sp. mat dominated by bog leather-
leaf, Chamaedaphne calculata (5, 7). Near the
open water, the mat is a semiwoody Rifle peat
that becomes increasingly decomposed near the
edge of the basin, forming a moat of standing
water (fossa) at the margin of the basin (12). A
diagram showing the bog lake and the sam-
pling sites is given in Fig. 1.
Samples were obtained from aquatic habitats

on eight dates from 15 September 1975 to 28
April 1976. For comparison, terrestrial regi6ns
A and B (Fig. 1), each represented by a compos-
ite of 10 subsample sites that circumscribe the
bog lake, were sampled on 1 July 1976, and site
C (not a composite) was sampled on 15 Septem-
ber 1975. The pH of the water at each sampling
site was determined in the field with a Corning
model 6 portable pH meter (Corning Scientific
Instruments, Medfield, Mass.). The dissolved
oxygen and temperature were measured in situ
with a YSI model 51A dissolved-oxygen meter

t Present address: Department of Microbiology, Louis-
iana State University, Baton Rouge, LA 70803.

(Yellow Springs Instrument Co., Inc., Yellow
Springs, Ohio).
Alkaline pH values observed in Davis Lake

(Table 1) are atypical as compared with those
commonly seen in acid peat bogs. The pH range
observed in the various habitats of Davis Lake
would not preclude the growth of myxobacteria
(16). On a given sampling date, dissolved-oxy-

FIG. 1. Overhead (top) and cross-sectional (bot-
tom) diagrams of Davis Lake, showing topography
and sampling sites. (Overhead diagram redrawn
from map by John Worthington and adapted from
Gilliam et al. [7].) The cross-sectional diagram is not
drawn to scale so that the sampling sites may be
clearly indicated. I, Open water; II, quaking Sphag-
num mat; III, fossa forest; IV, basin. Aquatic sam-

pling sites: 1, bog lake surface water; 2, bog lake
bottom sediment; 3, bog mat; 4, fossa surface water;
5, fossa bottom sediment. Terrestrial sampling sites:
A, upland soil; B, fossa soil; C, Sphagnum sp. from
the mat.
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gen levels were nearly uniform throughout the
bog habitats with the exception of the bottom
sediments (site 2), where the environment was
nearly anaerobic. It was at this site that the
lowest total myxobacterial frequency was ob-
served (see below).
The primary detection medium for non-cellu-

lolytic myxobacters consisted of a mineral salt
agar base (17) onto which was streaked auto-
claved, rehydrated bakers' yeast (Red Star Ac-
tive Dry Yeast, Milwaukee, Wis.). Cellulolytic
and non-cellulolytic myxobacters were detected
on mineral salt agar overlaid with sterile
Whatman no. 1 filter paper disks (13). Cyclo-
heximide (Acti-dione; ICN Pharmaceuticals,
Inc., Cleveland, Ohio; 25 mg/liter of medium)
was added to retard the growth of contaminat-
ing fungi according to the method of Brockman

TABLE 1. Ranges ofpH, dissolved oxygen, and
temperature at aquatic sites 1 to 5, measured on
eight sampling dates from 15 September 1975 to

28 April 1976

Sampling pH Dissolved oxy- Temp (°C)
site gen (ppm)

1 6.0-8.7 7.0-14.0 -2.0-15.0
2 8.1-8.2 0.6-1.3 5.5-9.5
3 6.0-8.7 3.2-14.0 -2.0-15.0
4 6.0-7.7 7.0-9.2 -2.0-11.0
5 7.9-8.1 7.0-7.8 -2.0-14.0

TABLE 2. Distribution of myxobacters in Davis

and Boyd (4). Solid particulate inocula were
obtained from aquatic samples either by cen-
trifugation (10 min at 4,000 x g) or by mem-
brane filtration (Millipore Corp., Bedford,
Mass.; 0.45- Am pore size) and then scraping off
the filtered debris for use. The 0.3- to 40-mg
inoculum from each sample was spotted onto
five places on each of 40 primary detection
plates (20 yeast and 20 filter paper plates). On a
few occasions, fewer than 40 plates were made
from certain samples. The plates were incu-
bated at room temperature and, after 3 and 6
weeks of incubation, were examined for the
presence of myxobacterial fruiting bodies.
Ten species of myxobacters were identified

from 39 aquatic samples, a total of 2,764 occur-
rences from 6,568 inoculations (Table 2). Six
species of the family Myxococcaceae were iden-
tified in the various bog habitats. The most
frequently observed was Myxococcus fulvus,
which was dominant in all aquatic sampling
sites, comprising 54 to 90% of all observations.
M. disciformis was observed in relative abun-
dance in the fossa, but its incidence was low in
other portions of the bog, and it was not de-
tected in the soils surrounding the bog lake.
This may indicate a positive response to certain
growth factors present in the fossa but absent
in other portions of the bog. This organism has
been detected on previous occasions from soils

Lake, listed in order of frequency of occurrence
Sampling site

Aquatic Terrestrial
Speciesidenti- 1 2 3 4 5 A B Cfled

1,520w 1,400 1,600 748 1,200 200 200 200

_b %C + % + % + % + % + % + % + %
Myxococcus ful- 321 21.1 190 13.6 635 39.7 449 60.0 394 32.8 29 14.5 83 41.5 0 0.0

vus
M. disciformis 2 0.1 4 0.3 25 1.6 26 3.5 260 21.7 0 0.0 0 0.0 0 0.0
M. stipitatus 25 1.6 115 8.2 10 0.6 21 2.8 13 1.1 0 0.0 0 0.0 0 0.0
M. coralloides 6 0.3 0 0.0 108 6.8 24 3.2 39 3.3 34 17.0 168 84.0 0 0.0
Polyangium so- 0 0.0 0 0.0 29 1.8 38 5.1 20 1.7 0 0.0 0 0.0 0 0.0

rediatum
Archangium ge- 0 0.0 0 0.0 1 0.06 0 0.0 2 0.2 1 0.5 1 0.5 0 0.0

phyra
Myxococcus vi- 1 0.05 1 0.07 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0 0 0.0

rescens
Myxococcus8xan- 0 0.0 0 0.0 1 0.06 1 0.1 0 0.0 129 64.5 0 0.0 0 0.0

thus
Melittangium 0 0.0 0 0.0 0 0.0 0 0.0 2 0.2 0 0.0 Presentd Present 0 0.0

lichenicola
Polyangium cel- 0 0.0 1 0.1 0 0.0 0 0.0 0 0.0 2 2.0 0 0.0 0 0.0

lulosum
Sum of all spe- 355 311 809 559 730 195 253 0
cies.

a Number of inoculations.
+, Number of inoculation spots showing the presence of fruiting bodies.
%, Percentage of positive inoculation spots.

d Observed (according to the method of Gilbert and Martin [6]) growing on tree bark.
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and high-peat bogs (hochmoors) characterized
by the growth ofSphagnum sp. (9, 10), but has
rarely been identified from other sources (14).
Likewise, the occurrence of M. stipitatus and
Polyangium sorediatum in aquatic bog habi-
tats, although not detected in the surrounding
soils, may be present in the bog as a result of
favorable growth factors. However, these and
other myxobacters have been isolated from soils
from numerous regions (11). No myxobacters
were cultivated from fragments of living
Sphagnum sp. (site C). M. xanthus was pre-
dominant in the upland soil (regional site A),
and M. coralloides was predominant in the
fossa soils (regional site B), each comprising
66% of the total observations. The occurrences
of P. cellulosum, Archangium gephyra, Melit-
tangium lichenicola, and M. virescens followed
no discernible pattern.
The frequency of occurrence and diversity of

species of myxobacters in aquatic bog habitats
were highest in the sampling sites closely asso-
ciated with the upland soils surrounding the
bog lake (sites 4 and 5) and were lowest in the
center and bottom of the bog lake. Members of
the family Myxococcaceae were the most com-
mon myxobacters. It was evident that the to-
pography ofthe bog and its basin facilitated soil
runoff, which washed nutrients and soil micro-
organisms into the bog. This is reflected in the
fact that all species of myxobacteria encoun-
tered in the soil samples were also present in
aquatic samples. The results of this study indi-
cate differing survivabilities among certain
myxobacters in Davis Lake and suggest that
Myxococcus disciformis, M. stipitatus, and Po-
lyangium sorediatum multiplied in aquatic
habitats. A more detailed study of the physical
and chemical parameters of the bog environ-
ment may help to determine which criteria are
conducive to the growth of certain myxobacters
and which are not.

This study was supported by the Central Michigan Uni-
versity School of Graduate Studies Student Research
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throughout the study and John M. Larkin for reviewing the
manuscript.
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