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ABSTRACT 
Agamogony was observed in several successive generations of a small agglutinated foraminifer 
Trochammina sp. reproduced in the laboratory cultures. Ultrastructural characteristics of nuclei 
of Trochammina sp. suggest that all examined specimens were multinuclear agamonts. Each 
interphase nucleus of agamont contained a large amount of electron-dense heterochromatin and 
several nucleoli, surrounded by "nucleus-associated chromatin", adjacent to the nuclear 
membrane. Unimodal distribution of the proloculus size confirms the presence of only agamontic 
stage in the life cycle of cultured Trnchammina sp. 

INTRODUCTION 
Very little is known about the biology of aggluti- 
nated foraminifera, especially concerning their 
reproduction and life cycles patterns. A complete 
life cycle including gametogenesis was described for 
a few monothalamous agglutinated foraminifera 
(Dahlgren, 1964; Arnold, 1984; Goldstein, 1988). 
Agamogony was the only type of reproduction 
observed in cultured Trochammina cf. T. quadriloba 
(Salami, 1976) and Trochammina inflafa (Angell, 
1990). However, alternation of asexual and sexual 
generations in the life cycle of Trochammina hadai 
was suggested from the morphometric analysis of 
collected specimens (Matsushita & Kitazato, 1990) 
and from the observations of laboratory cultures 
(Kitazato, pers. comm.). 

The characteristics of nuclei of agglutinated for- 
aminifera are poorly documented. The morphology 
of nuclei with nucleoli was briefly described from 
the cytological preparations of Trochammina cf. T. 
quadriloba (Salami, 1976). Differences in size of 
gamontic and schizontic nuclei were observed in 
Ovammina opaca (Dahlgren, 1962). The gamontic 
nucleus was observed in Psammophaga simplora 
(Arnold, 1984) and Cribrofhalammina alba 
(Goldstein & Barker, 1990). 

In the present study we describe the ultrastruc- 
ture and mode of reproduction of a small aggluti- 
nated foraminiferan Trochammina sp. cultured in 
our laboratory. This is a first report on the ultra- 
structure of nuclei in polythalamous agglutinated 
foraminifera. The ultrastructure of nuclei of Troch- 
ammina sp. is compared to that of a heterokaryotic 

foraminiferan Rofaliella elafiana (Pawlowski & 
Lee, 1992; Pawlowski & Swiderski, 1992). The . 
results of our observations may help to better 
understand the life cycle of agglutinated foramin- 
ifera in comparison with other taxonomic groups 
(reviewed in Lee ef al., 1991). 

MATERIAL AND METHODS 
Trochammina sp. was isolated from the algal mate- 
rial collected at the Mediterranean coast at St. Cyr, 
near Toulon, France, in May 1991. The species ap- 
peared in the crude culture few weeks later and pro- 
liferated in some dishes in presence of mixture of 
diatoms, including Navicula sp., Amphora s p . 
(Halamp.hora) and Nifzschia valdesfriafa and the 
cells of heat-killed Dunaliella salina which were 
used as a food. Foraminifera were maintained in the 
filtered sea water of salinity 40%0, and pH 8.0. The 
culture dishes were stored in incubator at 20°C with 
the 12 hrs light/ 12 hrs dark cycle. The foramin- 
ifera were observed with a Wild dissecting micro- 
scope at magnification up to 60x and with an in- 
verted Nikon microscope at magnification up to 
400x. 

The specimens for ultrastructural studies were 
fixed overnight in 4% glutaraldehyde buffered 
with 0.2 M cacodylate at pH 8.0 and postfixed for 1 
hr in 1% Os04. Dehydration was by means of an 
ethanol series with two 30-minute washes in propy- 
lene oxide. The specimens were infiltrated with a 
mixture of equal parts of propylene oxide and 
Spurr's and embedded in Spurr's medium. Ultra-thin 
sections were double stained with lead citrate and 
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uranyl acetate and examined in a Zeiss EM-10 
electron microscope. 

The critical point method was used to prepare 
foraminifera for the SEM studies. The specimens 
were isolated, cleaned and fixed in ethanol 70%. 
They were washed twice in 100% ethanol (2 x 15 
minutes) and twice in amyl acetate (2 x 10 minutes). 
A few drops of amyl acetate containing foraminifera 
were transferred to the specimen holder, which was 
placed inside the chamber of the critical point 
dryer (Balzers CPD 020). Standard procedure using 
C 0 2  was used for drying the samples. Dried 
foraminifera were mounted on stubs with double- 
stick tape, sputter coated with Au/Pd and examined 
in a JEOL scanning electron microscope. 

RESULTS 
Trochammina sp. is a small agglutinated species, 
whose test diameter ranges in size from 200 to 300 
pm in adult specimens. Its test is built of a few tro- 
chospirally coiled subglobular chambers. The inte- 
riomarginal aperture in form of a low arch extends 
from the umbilicus to half of the distance from the 
periphery (PI. 1, Fig. 1). The membraneous wall 
lacks rigidity. Critical point drying has to be used 
for preparation of specimens for the SEM study to 
avoid that their tests collapsed when dried. The 
wall of examined individuals was covered with 
agglutinated diatom frustules (Pl. 1, Fig. 2) from the 
culture dishes. 

It is interesting to note the incorporation of 
diatom frustules to the agglutinated test walls. 
There seems to be no selection among the diatoms we 
placed in the culture. We found all three different 
genera randomly agglutinated in the test wall (Pl. 
1, Fig. 2). Amphora were anchored with their girdle 
bands facing radially (Pl. 1, Fig. 2, GV). This 
orientation is usual when Amphora f o r m s  
microcolonies on the surfaces of substrates. This 
suggests that it was the diatom that oriented itself 
on the surface of the test rather than action by 
pseudopodia. Although Amphora produces its own 
mucopolymer to anchor itself to the substrate, 
microcolonies do not become deeply embedded in it. 
The cement between the individual frustules (Pl. 1, 
Fig. 2) is probably secreted by the foraminifera. 
Algae seem to attach themselves to almost every 
surface of the foraminifera, fitting into the smallest 
of crevices between adjacent chambers (PI. 1, Fig. 6) 

Several generations of Trochammina sp, were ob- 
served during the period of two years. The 
agamogony was the only type of reproduction we 
observed. In the initial phase of reproduction the 
mature specimens build a reproductive cyst. The 
activity of largely extended pseudopodia gathering 
diatom frustules and other debris can be observed 
with the microscope. Once the cyst building is 
terminated, it .is filled with the cytoplasm leaving 
the adult test, which remains undestroyed. The 
cytokinesis and formation of juvenile agamonts 
followed. The nuclear events preceding this 

processes, however, were not observed. About 40-60 
juveniles were usually released from the cyst after 
24 hours. The juveniles consisted of a proloculus and 
a second small crescentic pseudochamber. The 
foraminifera grew for 40-60 days before they 
reached maturity and reproduced. 

The ultrastructure of a few specimens was exam- 
ined. The most unusual characteristic of Trocham- 
mina sp. is its very thick (2-3 pm) organic wall 
(Figs. 3). The wall of high electron density is 
composed of concentrically arranged layers of 
fibrillar material. The vacuolated cytoplasm of 
Trochammina sp.  contained a large amount of 
osmiophobic lipid droplets. 

All examined individuals were multinuclear (Pl. 
1, Fig. 3) with up to four nuclei in the prolocular 
chamber. All nuclei appeared similar (PI. 1, Figs. 3- 
5), each one containing a large amount of electron- 
dense heterochromatin and several nucleoli which 
were usually adjacent to the inner nuclear membrane 
(PI. 1, Fig. 5). The so-called nucleolus-associated 
chromatin was frequently observed at the periphery 
of the nucleoli. Perinuclear cytoplasm usually 
showed a high degree of vacuolization (Pl. 1, Figs. 4 
& 5). 

The size of proloculus was measured in 110 living 
specimens (Fig. 1). The juvenile and adult specimens 
were examined. The proloculus maximum diameter 
ranges from 27 to 39 pm, with a mean value of 33 pm. 
There is no evidence of bimodal distribution, which 
would suggest the presence of two generations in 
Trochammina sp. life cycle. 

Proloculus size (urn) 

Figure 1. Distribution of proloculus size in Trochammina sp. 

DISCUSSION 
The fine structure of nuclei of Trochammina sp .  
resembles that described previously in gamonts of R. 
elatiana, which had similar numerous nucleoli 
surrounded by nuclear-associated chromatin 
(Pawlowski & Swiderski, 1992). The gamonts of R.  
elatiana, however, were uninucleate, while all 
examined specimens of Trochammina sp. are multi- 
nuclear, suggesting that they represent the agamon- 
tic generation. The nuclei of Trochammina sp. are 
different from those of agamonts of R. elatiana, the 
later being differentiated into somatic and genera- 
tive type (heterokaryosis). As all nuclei appear 
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similar in Trochammina  sp., the species is most 
probably homokaryotic. 

Our observations of successive asexual reproduc- 
tions of Trochammina sp. suggest that this species is 
characterized by apogamic life-cycle. The succes- 
sive agamogonic generations have been observed in 
many species of foraminifera including Allogromia 
la ticollar is (Arnold, 1955; McEnery & Lee, 1976), 
Planorbui ina medi terranens i s  (Le Calvez, 1938), 
Trochammina cf. T quadriloba (Salami, 1976) and 
others. However, in some species, including Hetero- 
stegina depressa (Rottger e t  al., 1986; 1990), t h e  
repeated asexual reproductions form a part of irreg- 
ular metagenic life-cycle, alternating with sexual 
reproduction. 

Because the life-cycles of many foraminifera are 
not completely known it is difficult to judge whether 
the species is truly apogamic. Lee et al. (1969) 
observed gamontogamic life-cycle in Rosalina leei, 
but the other population of this species was totally 
apogamic (cited in Lee et al., 1991). It cannot be ex- 
cluded that the mode of life-cycle in foraminifera is 
influenced by the artificial conditions of culturing. 
In cultured Allogromia laticollaris, the mode of 
asexual reproduction was dependent upon diet (Lee 
et al., 1969). Rotaliella ela tiana which undergoes 
regular alternation of generations was observed to 
switch to reduced autogamic reproduction in a few 
cases (Pawlowski & Lee, 1992). 

Our observations of successive agamogonic gener- 
ations in Trochammina sp. confirmed the preceding 
observations of repetitive asexual reproduction of 
cultured trochamminids by Salami (1976) and 
Angell (1990). However, these results are contrary 
to the observations of two generations in collected 
populations of Trocharnmina hadai (Matsushita & 
Kitazato, 1990; Kitazato, pers. comm.). Therefore, 
we have to be careful in analysing our results, as the 
possibility of artificial modification of the life 
cycle of cultured species cannot be discarded. Espe- 
cially as both species, Trochammina  sp. and T .  
hadai ,  seem to be relatively closely related, as 
suggested by analysis of ribosomal DNA sequences 
(Pawlowski et al., this volume). 
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Fig. 1. 

Fig. 2. 

Fig. 3. 

Fig. 4. 

Fig. 5. 

Fig. 6. 

Key: 

EXPLANATION TO PLATE 1 

SEM view of young specimen (umbilical side), x 600 

Diatom frustules on the test surface (almost all are in girdle view), x 3700. 

General topography of the first chamber (proloculus), x 2600. 

Three nuclei in proloculus, x 10000. 

Insert. Girdle bands of a diatom frustule enveloped on the surface of proloculus. 

Detail of nucleus with three nucleoli, x 10000. 

An alga on the surface between two chambers, x 6000. 

Alg - green alga, Ap - aperture, DF - Diatom frustule, GV - girdle view of Amphora sp., H - 

heterochromatin, L - lipid droplets, MOW - multi-layered organic wall, N - nucleus, n - 

nucleolus, NAC - Nucleolus-associated chromatin, Nv - Nitzschia valdestriatum, Pr - 

proloculus, Va - vacuole, VF - Valve face of Navicula sp. 
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