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Table 1. Density and
germination success of
Lophopodella carteri
statoblasts taken from
sediments in Shabbona
Lake, DeKalb County,
Iflinois.

part of the lllinois state park system. During the period of our study the lake surface pH varied
from 8.7 to 9.0; surface conductivity was 400 to 500 micro-ohm.

We collected statoblasts by sampling bottom sediments with a long-handled dip net or an
Ekman dredge. To separate statoblasts from sediment, we first washed the sediments through
two brass sieves. Statoblasts passed through a No. 24 mesh sieve (700 micrometres) but were
retained by a No. 30 mesh sieve (600 micrometers). More recently we have discovered that
significant numbers of Lophopodella are retained in the No. 24 sieve adhering to organic material,
hence the numbers reported here will be very conservative.

Next, we washed the contents of the No. 30 mesh sieve into a 20 cm diameter culture dish,
swirled the water and contents to suspend the organic material and quickly decanted the organic
fraction with statoblasts to an even finer-meshed sieve. This step eliminated the mineral fraction
of the sample. Finally, we washed the finer-meshed sieve into a widemouth plastic container
from which we could easily hand-sort the statoblasts out of the relatively small amount of organic
material using a 10 x dissecting microscope. Not only did this technique isolate the statoblasts
of L. carteri, but it had the potential to collect the equally large statoblasts of Cristatella mucedo
and Pectinatella magnifica. While the statoblasts of these two species are normally buoyant,
they do sink under certain circumstances which we discuss later. In Lake Shabbona we recovered
many submerged statoblasts of P. magnifica.

In May 1992, statoblasts were taken from a variety of locations (Fig. 1A) in the cool (14.5°C)
lake and maintained in lake water under artificial lighting in the laboratory. Most of these
statoblasts germinated within two weeks. For continued laboratory rearing of the colonies we
used the two-tank system of Wood (1991), with goldfish in one tank and bryozoans in the other.
We returned to the lake in June and August 1992 for additional field observations.

RESULTS & DISCUSSION

Shabbona Lake in early May, 1992 had a large number of viable statoblasts of L. carteri in the
bottom sediments. The numbers ranged from 5 to 246 statoblasts per sample, or roughly 200 to
10,700 per m?, Germination success in the laboratory averaged 61% (Table 1). in late June,
1992, we collected again at three of the same sites sampled in early May 1992 (Table 1). Most of
the sampling sites were well beyond the littoral zone of aquatic vegetation which later supported
colonies of L. carteri.

May 2, 1992: June 28, 1992:
Water No. Collected* and No. Collected* and
Station Depth (m) % Germination** % Germination
A 5 246 60% 179 84%
B 13 146 75%
C 5.5 102 82%
D 4 107 77 % 956 87%
E 7.5 94 66%
G 4 74 19%
H 5 53 57%
1 3 190 72% 1,123 8O%***
J 7 48 67%
K 1.5 5 80%
L 3 24 21%

*  Samples were taken with an Ekman dredge having a surface sampling area of 0.023 m?’
** Germination tests were conducted on 100 statoblasts chosen randomly from each sample.
***Some sediment was lost during the sieving process.

A third survey of Shabbona Lake, in late August 1992, revealed L. carteri colonies unevenly
distributed along the margins of the lake. They appeared on stems and the underside of floating
leaves of Potamogeton nodosus and Vallisneria americana, as well as on Ceratophyllum
demersum, Myriophyllum exalbescens, and mats of a filamentous green alga. The highest density
of colonies occurred in a small bay just inshore from Station | (Fig. 1A). Here the colonies
formed slimy gelatinous strings along the stems and leaves of Potamogeton at 1 m depth. They
were concentrated on the lower third of the plant stems, not far from the sediments. The dense
tangle of macrophytes over much of the bottom made it impossible to confirm whether colonies
also occurred apart from the plants in the sediments. Searching the unvegetated portions of the
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produced no evidence of living colonies occurring in or on the open sediment. No living colonies
were found below 3 m in the 17°C hypolimnion.

It was apparent that the distribution of statoblasts in Lake Shabbona did not match the
distribution of living colonies. In the deep, southern half of the lake, where statoblast numbers
were high, the colonies were notably scarce. It seemed likely that the numerous statoblasts
occurring there were generated mainly by colonies in the relatively thin zone of shallow water
around the lake. The statoblasts presumably followed water currents and collected in the deep
waters near the dam. They appeared not to have germinated there.

In the laboratory, however, L. carteri statoblasts from lake sediments germinated readily. In
May 1992 we brought sediment from the cool depths of Shabbona Lake into the laboratory and
divided it among glass dishes with water from the lake. Within two weeks at 21°C the extended
lophophores of new zooids appeared at the sediment surface and immediately began pulling in
tiny food particles. The ancestrulae died within about two weeks without producing new zooids.
When reared in the laboratory with water circulating from a fish tank (Wood 1991), L. carteri
colonies frequently moved from the glass dishes on which they adhere to the thick layer of
organic sediment at the tank bottom. The colonies grew and divided normally by fission. They
moved slowly and randomly about the aquarium at a rate of 0.51-2 cm per week. Many
eventually reached the edges of the aquarium, where they attached to the glass sides of the
container and continued to crawl about slowly. Often a colony appeared at the water surface
suspended by a gas bubble entrapped in the secretions of the colony base. Such colonies not
only flourished, but grew even larger than normal. The bubbles were most likely generated
within the sediment, although this was never confirmed.

From all of the preceding it is apparent that 1) sinking statoblasts of L. carteri are easily
distributed in the benthic environment, possibly through the action of water currents; and 2)
given suitable conditions, L. carteri statoblasts may germinate in the sediments. The new colonies
are capable of thriving in the epibenthic environment. From there they can move to attachment
sites on more solid surfaces, or they may float to the surface and join the hyponeuston community.

The presence of floating colonies in natural habitats has not been previously reported for L.
carteri, but it has been noted in a morphologically similar species, Lophopus crystallinus Pallas.
Kofoid (1908) found colonies of 5-50 zooids floating in water draining Quiver Lake, a backwater
of the lllinois River near Havana, Illinois.

If Lophopodella carteri does live on lake sediments, it would not be the first freshwater
bryozoan species known to do so. Bushnell (1965) reported Fredericella sp. growing in “dense
tufts” on a sandy lake bottom. These probably resulted not from statoblasts but from free colony
fragments becoming lodged in the sand, where they continued to grow. Fredericella statoblasts
normally remain lodged on the substratum long after the colony has disintegrated (Wood 1989).
In L. carteri, on the other hand, all mature statoblasts are actively expelled and settle to the
sediments.

Despite the high density of L. carteri statoblasts in Shabbona Lake sediments, only those in
shallow water appear to germinate. The lake becomes thermally stratified during summer, and
hypolimnion temperatures do not exceed 21°C. In controlled experiments, Rogick (1938) was
unable to germinate L. carteri statoblasts at temperatures lower than 23°C, although Oda (1959)
reported limited germination at 15°C. It is not known whether colonies produce new zooids at
that temperature. In any case, the valves of L. carteri statoblasts were rare in the hypolimnetic
sediments of Shabbona Lake, suggesting that germination seldom occurred there.

For L. carteri to discard so many of its statoblasts to the cold sediments of Shabbona Lake
seems biologically wasteful. In a different environment, however, it could be useful strategy.
Until 1934 the species was known only from tropical Asia. We believe that the initial nonbuoyancy
of the L. carteri statoblast is an adaptation to the seasonal drought typical of certain tropical
regions. Other features of the statoblast seem to support this view.

For example, L. carteristatoblasts acquire buoyancy only after being dried. Floating statoblasts
{floatoblasts) are made buoyant by a ring of gas-filled cells around their periphery. In most other
species, this annulus is inflated towards the end of statoblast development in the parental coelom
(Mukai & Kobayashi 1988). Although L. carteri statoblasts have a well-developed annulus (Fig.
1B), the cells are not self-inflating. Thus it requires drought conditions for the annulus to become
functional.

It is worth noting that the buoyancy achieved by the large annulus in L. carteri statoblasts is
unusually strong. It enables previously dried statoblasts to float even in absolute alcohol (specific
gravity = 0.7893), while the permanently buoyant floatoblasts of other species sink.

Dried statoblasts of L. carteri are not only buoyant, but they also exhibit an unusually high
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viability when returned to water. Both Oda (1959) and Rogick (1940) reported statoblasts
germinating after having been dry for over four years. In Oda’s (1959) experiments, the germination
rate dropped only gradually in statoblasts dried at room temperature for more than one year (Fig.
10). These data contrast sharply with the relatively low viability of dried statoblasts in other
species, such as Plumatella repens, Hyalinella punctata, Pectinatella magnifica, and Fredericella
indica (Rogick 1938) (Fig. 1D). In none of these latter species have statoblasts been known to
survive more than nine months of dry conditions. High resistance to desiccation by Fredericella
statoblasts was erroneously reported by Rogick (1938), who apparently misinterpreted as
germination the swelling of dead tissue.

Also unique to L. carteri is the fact that a drying period can break dormancy. Oda (1959)
reported that statoblasts dried for as little as one day germinated sooner when immersed in
water than did control statoblasts that stayed wet. In one experiment, nearly 80% of statoblasts
germinated within ten days after being dried for two days, while undried statoblasts failed to
germinate at all. Germination rates reached nearly 100% in statoblasts dried for ten days. Similar
experiments conducted in our laboratory confirm these results.

Another special feature of L. carteri is the statoblast response to light. Oda (1959) found that
light stimulates germination, while statoblasts stored in the dark often fail to germinate at all.
Later, Oda (1980) demonstrated that germination can be triggered not just by the presence of
light, but also by any major change in lighting (Fig. 1E). One consequence of this response is
easily demonstrated: statoblasts buried in mineral sediment at constant temperature seldom
germinate, while those brought to the sediment surface in the presence of light will germinate
readily.

All of these features of L. carteri statoblasts suggest adaptation to seasonal drought conditions.
Statoblasts ejected from colonies and sinking to the sediments can avoid prolonged exposure to
strong solar radiation near the tropical water surface. The unusually wide annulus and saddle-
like shape may help statoblasts catch small underwater currents and travel away from their
points of origin, as they apparently do in Shabbona Lake. If the habitat later became dry, L.
carteri statoblasts would not only survive desiccation but would be poised to germinate as soon
as seasonal water returned. At that time, their strong buoyancy would lift even those statoblasts
buried in the sediments. From the water surface they could disperse widely and come in contact
with new emergent substrata. Any statoblasts not exposed to drying conditions would still be
able to germinate in the warm sediments of shallow waters and produce successful colonies.
However, sensitivity to light would prevent buried statoblasts from germinating until various
disturbances (from burrowing worms, for example) carried them to the sediment surface.

Little is known about the statoblasts of species closely related to L. carteri. The family
Lophopodidae is defined by its small gelatinous colonies and statoblasts with polar or peripheral
hooks or spines. Two other species in this group, Lophopus crystallinus and Asajirella gelatinosa,
are reported also to have sinking statoblasts that become buoyant only upon drying (Mukai &
Oda 1980). Among the four other species in the family, all have a similar annulus structure and
we suppose their statoblasts also sink upon release. These include Lophopus capensis, L. thomasi,
L. stuhlmanni, and Lophopodella pectinatelliformis. When more is known about these species,
it may be possible to add to the diagnosis of Lophopodidae the fact that nonbuoyant statoblasts
are initially expelled from the colony, and that the statoblasts can float only after desiccation.

In general, the geographic distribution of lophopodid bryozoans supports the seasonal drought
hypothesis. Most species are restricted to tropical regions having a pronounced dry season (Fig.
2). Such areas include the temporary “pans” of the Transvaal in South Africa, where Hastings
(1929) described the occurrence of Lophopus capensis. The large pools normally fill toward the
end of January, then dry up completely in June or July.

The primary exceptions to a tropical distribution include Lophopus crystallinus, known from
temperate regions since its initial description in Europe (Pallas 1766). Asajirella gelatinosa occurs
in Japan, and tropical Asia and has recently been found in Panama (Oki & Wood, in prep.).
Lophopodella carteri, originally known only from India, now occurs on three continents. All
other species in the Lophopodidae are so far endemic to eastern and southern Africa. Lophopodella
capensis has also been recovered in Israel along a major bird migration route (Massard & Geimer
1991).

This interpretation of sinking statoblasts in lophopodid bryozoans opens several new avenues
of inquiry. For example:

1. Most lophopodid species are considered scarce. Colonies of L. crystallinus, for example,
have not been reported from North America since 1908 (Kofoid), and are seldom reported from
Europe (Riische 1954; Woss 1996, this volume). Statoblasts of this species were discovered in
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deep sediments of Lake Banyoles in Catalonia, Spain (Rieradevall & Busquets 1990), but no
colonies have yet been found. If L. crystallinus is epibenthic, then we may previously have been
expecting it in the wrong place. Rather than examining the usual solid substrata near the water
surface, we might turn our attention to sediments and look for colonies or statoblasts. This s, in
fact, how L. carteri was discovered at Shabbona Lake.

2. Among freshwater bryozoans, sinking statoblasts occur outside the family Lophopodidae in
only one species, Hyalinella punctata. Although classified in the Plumatellidae, H. punctata
has much in common with the Lophopodidae, including a thick and transparent body wall, a
relatively large statoblast, and the apparent lack of fixed statoblasts (Ricciardi & Wood 1992).
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Fig. 1. Diagrams and
data for Lophopodella
carteri. A, Map of
Shabbona Lake, DeKalb
County, Hlinois, USA,
showing the location of
sampling sites. The linear
scale is 1:1666; contour
interval is 3.04 m.

B, Drawing of a statoblast
showing the extensive
annulus (arrow), x 60.

C, Longevity of dried
statoblasts stored at room
temperature, based on
data from Oda (1959);
confidence limit = 95%;
numerals at each bar
indicate sample size.

D, Comparison of
maximum longevity of
dried statoblasts of
various bryozoan species.
All statoblasts were stored
dry at 4°C. Data for
Lophopodella carteri
(LCAR) are from Oda
(1959); those for
Fredericella indica
(FIND), Hyalinella
punctata (HPUN),
Plumatella fungosa
(PFUN), and Pectinatella
magnifica (PMAG) are
presented

here for the first time.

E, Effects of light on
statoblast germination in
Lophopodella carteri
(from Oda, 1980).



‘?’3 . net " by

-
® v
5878 4

7

Fig. 2. Global map showing regions of pronounced seasonal drought (modified from Miller 1965) and the distribution of lophopodid
bryozoan species. Darkly shaded regions have little or no seasonal drought; lightly shaded regions have pronounced seasonal drought;
white regions have little significant rainfall. Triangles represent known occurrences of Lophopodella carteri, open circles show Lophopus
crystallinus, closed circles show all other lophopodid species.

large statoblast, and the apparent lack of fixed statoblasts (Ricciardi & Wood 1992). However,
unlike the lophopodids, H. punctata colonies are always firmly and permanently attached to
solid substrata. Their geographic distribution suggests no special affinity to seasonally dry climates
(Bushnell 1973). Why the statoblasts are nonbuoyant and how the species manages nevertheless
to survive in permanently wet conditions are not entirely clear.

3. Other species with large floatoblasts include Pectinatella magnifica and Cristatella mucedo.
Although normally buoyant, the statoblasts of both species also occur typically in the benthos.
During this study we encountered viable P. magnifica statoblasts at the bottom of Shabbona
Lake. Thousands of C. mucedo statoblasts per week are routinely sucked into intake pipes of the
Monticello Ecology Research Station (Minnesota) from a depth of 8 m in the Mississippi River
(Wood, unpublished data). Although normally buoyant, these statoblasts are apparently dragged
down by sinking debris to which they attach by means of peripheral hooks. So far, most of the
viable, unattached bryozoan statoblasts known to venture down to the sediments have been
relatively large, i.e., their capsules hold more yolky food reserves than the smaller free statoblast
capsules of Plumatella, Stolella, Stephanella, or Fredericella species. Possibly the sinking
statoblasts are able to remain viable longer than their much smaller, buoyant counterparts. If
capsule size is related to long-term viability, this might explain the ecological significance of
two statoblast sizes (large overwintering sessoblasts and smaller dispersing floatoblasts) produced
by most Plumatella species.
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