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ABSTRACT

We investigated the diel cycle mechanism of a tide-pool
ciliate community of the northeastern coast of Taiwan. The
investigation was conducted on 17™-18" June (typical summer
weather), and on 23" -24™ July 2013 (10 days after atyphoon).
In June, the tide-pool ecosystem was an independent and the
excystment of ciliates in the tide-pool caused a dramatic in-
crease in population abundance, as well as composition
change. In July, there was no significant difference between
the species composition in the tide-pool and that in the sur-
rounding coastal water. However, the abundance of ciliatesin
the tide-pool was lower due to the inability of ciliates to adapt
to the tide-pool environment. From these results, weinfer that
the excystment of ciliates plays an important role in the diel
cycle of the ciliate population in atide-pool.

I.INTRODUCTION

Intertidal zones are common throughout the world. Be-
cause of their isolation and the mixing created by the twice-
daily tides, tide-pools are highly fluctuating and independent
ecosystems (Johnson [17]). The tide-pool population survive
within this extreme environment by adopting a specialized
form of succession. Due to the ease of sampling and investi-
gation, tide-pools often act as model systems for population
studies (Johnson [17]), Raffaelli and Hawkins [23]).

In past studies protozoans have been found to be the
dominant species in tide-pool environments (Johnson [17]),
Raffaelli and Hawkins [23]). Protozoans have a high growth
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rate and a short generation time, on the order of hoursto days.
Therefore, they are useful as models to investigate popul ation
dynamics, including the effects of disturbance or environ-
mental pressure, as well as cyclical behavior (Holyoak [15]).
A central in tide-pool research is whether the organisms pre-
sent there represent a resident community or are merely a
reflection of the species found in adjacent coastal waters.

The importance of ciliates within aguatic environments re-
sides in their roles as consumers of picoplankton and nano-
plankton (Verity [30], Bernard and Rassoulzadegan [3], Bern-
inger et al. [4], and Cabet and Landry [6]) and as prey for
mesozooplankton (Broglio et al. [5], and Calbet and Saiz [7]).
For these reasons, ciliates may constitute an important link
between the microbial loop and higher trophic levels of the
food chain (Gifford [13], Broglio et al. [5]). Many previous
reports have indicated an ample abundance in tide-pools
(Fauré-Fremiet [12], Jonsson [18], Montagnes et al. [20]).
Montagnes et al. [20] demonstrated the cyclical behavior of
ciliate Strombidium oculatum in a coastal tide-pool, with
ciliate abundance quickly increasing when the tide-pool was
isolated from the surrounding water, reaching a maximum
abundance at 2~2.5 hrs and then decreasing rapidly theresfter.
Ciliates excyst and grow rapidly during the period of low tide,
and are then induced to form cysts at the beginning of the
incursion of tide water. The specific live type will produce a
special and independent ecosystem. For this reason, we used
ciliates to describe the ecosystem in the tide-pool. The study
area was affected by a strong typhoon, “Soulik”, on 12"-13"
July, with average gusts of 29.3 m s* and a maximum gust of
50ms™. We collected samples on 23" -24™ July, 10 days after
the typhoon, to observe the“littleislands’ ecosystems reset by
external force. In addition, we collected samples on 17"-18"
June, when typical summer weather prevailed.

[I.MATERIALSAND METHODS

Our study site was located at an intertidal zone in northern
Taiwan (Fig. 1). Samples were collected on June 17-18, and
July 23-24, 2013 in a tide-pool measuring about 2 m x 1 m x
0.4m (length x width x depth). Sampling was done every 30
minutes from the time the tidal-pool was isolated from the
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Fig. 1. Location of sampling sitesin the coastal waters of the western subtropical Pacific, Keelung, north coast of Taiwan.
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surrounding water to the time it was flooded by the intrusion
of water at the beginning of the next high tide. In addition, we
also collected surface sea water every hour from the sea-dike
near the intertidal zone. There were two daytime low tides
(7:30 to 12:00 on June 18 and 12:30 to 18:00 on July 23) and
two at night (19:30 to 22:30 on June 17, and 1:30 to 4:30 on
July 24). Temperature and salinity were measured with a
mercury thermometer and a portable salinity meter (Consort
C561). To count ciliates 500 ml water samples were fixed
with Lugol’s (2% final concentration of v/v), while for bacte-
ria and nanoflagellates 50 ml water samples were fixed with
glutaraldehyde (final concentration 1%) (Christaki et al. [9],
Sanders et al. [26]).

Ciliate cells were concentrated in 100 ml water samples by
the Utermohl method (Hasle [14]) and were identified and
counted using an inverted epifluorescence microscope (Nikon-
Tmd 300) at 200x or 400x. Based on cell shape, lorica and
collar appearance, the ciliates were categorized into five cate-
gories, namely Srombidium spp., Srobilidium spp., Meso-
dinium spp., Totonia, and tintinnids. Dividing ciliate cells
were recorded and, the frequency of dividing cells (FDC) was
calculated and the growth rate inferred (Carrick and Fahnen-
stiel [8]).

For bacteria and nanoflagellate enumerations, quantities of
1-2 ml and 20 ml respectively were filtered onto black Nu-
clepore filters of pore size 0.2 um for bacteria or 0.8 um for
nanoflagellates. Samples were stained with DAPI (4',6-

diamidino-2-phenylindole) at a final concentration of 1 ug
ml™* (Porter and Feig [22]). Pigmented and heterotrophic
nanoflagellates (PNF and HNF) were enumerated according to
the presence or absence of chlorophyll auto fluorescence using
aseparate filter set optimized for chlorophyll or DAPI under a
1000x epifluorescence microscope (Nikon-Optiphot-2). Bac-
teriaand HNF were identified by their blue fluorescence under
ultraviolet (UV) illumination, while synechococcus spp. and
PNF were identified by their orange and red autofluorescence
under blue light excitation. To obtain reliable estimates of
abundance we counted 30 and 50 fields of view for bacteria
and nanoflagellates, respectively.

All satistical operations, including correlation analysis,
Pearson’s chi-squared test (x) and T-test, were performed
using SPSS (version 13).

[11.RESULTS

Temperature and salinity show a similar diel variation pat-
tern in June and July (Fig. 2), with higher temperatures oc-
curring during the day and no significant difference between
tide-pool and coastal surface sea water. In June, the tem-
perature ranges for tide-pool and coastal water were 19.9 to
30.6°C and 19.3 to 29.8°C respectively (Fig. 2A, B). The
corresponding figures for July were 20.5 to 35.2°C and 21 to
32.3°C (Fig. 2C, D).

In the tide-pool, salinity increased with time from the
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Fig. 2. Temporal variationsin water temperature (°C) and salinity in June tide-pool (A), June coastal water (B), July tide-pool (C), July coastal water

(D). Solid bar means day, hollow bar means night.

period of low tide, and was higher in the daytime than at night.
Day/Night values for June were 35.2 to 37, and 33.6 to 35.6,
respectively. For July the corresponding figures were 33.3 to
35.1, and 32.5 to 35.2. In coastal water, the salinity ranged
from 34.1 to 34.7 in June and from 32 to 33.4 in July, with
non-significant diel variation. (Fig. 2).

For each low-tide, there was a significant difference in the
mean abundance of ciliates between tide-pool and coastal
water (T-test p < 0.05). In addition, anoticeable diel variation
was observed in both ecosystems. In June, the total ciliate
abundance in the tide-pool, ranged from 140 to 830 L™, with
an average of 189 L™ at night, and a significantly higher av-
erage of 430 L™ during the day (T-test p < 0.05). (Fig. 3A). In
contrast, the abundance in coastal water ranged from 30to 100
L"* during the day, with an average of 44 L™ ,and from 200 to
730 L™ at night, with a significantly higher average of 458 L™
(T-test, p< 0.05) (Fig. 3B). Wefound an FDC of 2.44 t0 5.88
% in theinitial tide-pool stage during the daytime.

There was a different pattern in June and July than that in
the daytime in the tide-pool. Total ciliate abundance ranged
from 10 to 100 L™ during the day (average of 35 L), and from
160 to 740 L™ at night (average of 291 L™). The nighttime
abundance was significantly higher than that in the daytime
(T-test, p < 0.05) (Fig. 3C). In coastal water, total abundance
ranged from 100 to 730 L™ during the day (average of 310L™Y),
and from 1140 to 2140 L™ at night (average of 1707 L™), the
same trend as observed in June (Fig. 3D).

The dominant species in the ciliate communities in both
tide-pool and coastal water were Srobilidium, Srombidium,
and Mesodinum. A x? test revealed a revealed a significant
difference in spatial composition between the two ecosystems
(tide-pool and coastal water) (x* test p < 0.05 in day) in day-
time in June, but no significant difference in July (p > 0.05).
These variations indicate that the tide-pool and coastal water
communities were independent during the daytimein June. In
contrast, the tide-pool ecosystem in July was not isolated from
the surrounding ecosystem, and the ciliate composition in the
two ecosystems showed a similar composition (x* test p >
0.05).

In June, bacteria abundance was 1.42 to 11.14 x 10° cells
ml™ at night, and 1.43 to 4.8 x 106 cellsml™ during the day in
the tide-pool (Fig. 4A), and 0.56 to 1.06 x 10° cells mI™ at
night, and 0.78 t0 0.97 x 10° cells ml™ during the day in coastal
water (Fig. 4B). In July, the corresponding tide-pool/coastal
water figureswere 2.55 - 5.46 x 10° cellsml™ (day), and 0.56 -
0.98 x 10° cells ml™ (night) (Fig. 4C), and 0.23 - 0.69 x 10°
cells mi™ (day), and 0.53 - 0.74 x 10° cells mI™ (night) (Fig.
4D).

In June, the abundance of synechococcus in the tide-pool
ranged from 1.17 to 1.82 x 10* cells ml™ at night, and from
0.49 to 1.14 x 10* cells ml™ during the day. In coastal water,
the respective figures were 1.47 to 2.64 x 10* cells ml™, and
0.35 t0 0.93 x 10* cells mlI™. In July, abundance in the tide-
pool ranged from 0.58 to 3.38 x 10* cells ml™ during the
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x 10* cells ml™), pigmented and heterotrophic nanoflagellate (PNF
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day, and from 6.75t0 9.77 x 10* cellsml™ at night. In coastal
water, the respective figures were 1.82 to 4.84 x 10* cells ml™
at night, and 8.06 to 14.42 x 10* cells ml™ during the day (Fig.
4). In both ecosystems, nighttime abundance was significantly
higher than daytime abundance (p < 0.05).

In June, HNF abundance ranged from 0.56 to 2.96 x 10°
cells mi™ in the tide-pool, and from 0.51 to 1.27 x 10° cells
ml™ in coastal water. The corresponding figures for July were
0.41 t0 5.75 x 10° cells ml™, and 0.28 to 0.97 x 10° cells ml™.
In June, PNF abundance ranged from 0.43 to 1.91 x 10° cells
mi™ in the tide-pool, and from 0.07 - 0.54 x 10° cells ml™ in
coastal water). The corresponding figuresfor July were 0.12 -
0.55 x 10% cellsml™, and 0.01 to 0.35 x 10° cells ml™ (Fig. 4).
PNF and HNF abundance did not differ between day and night
in either ecosystem (p > 0.05).

V. DISCUSSION

Sea water in tide-pools originates from the surrounding
coastal water and then becomesisolated. Therefore the ciliate
composition in atide-pool ecosystem should be different from
that in the surrounding coastal ecosystem. Montagnes et al.
[20] found aclear diel cyclein atide-pool ecosystem, with a
significantly higher ciliate abundance during the day than at
night. They assumed that the excystment process played akey
role, with the daytime population increasing due to the growth
of vegetable cells and excystment, and a decrease in abun-
dance in the late stage of daytime low-tide following an
increase in cysts. They aso assumed that ciliates did not
actively grow and excystment process, and affected by envi-
ronmental pressures, the ciliate population decreased dra-
matically during the nighttime. In our study a similar diel
cycle was observed in June, while a reversed diel pattern oc-
curred in July. To compare the ciliate composition of the
tide-pool with the surrounding coastal water, revealed a sig-
nificant difference during the daytime in June, but no signifi-
cant difference for the other three low-tide periods. Moreover,
there was a significant difference in the mean abundance of
ciliates between tide-pool and coastal water in each low-tide
period (T-test p < 0.05). From these results, we inferred that
the tide-pool ciliate community was independent from coastal
water in June, both day and night. Though there was no sig-
nificant difference in ciliate composition at night, there was a
significant difference in mean abundance (T-test) and the
pattern (stable in the tide-pool and decreased in coastal water)
was found. We believe the observed tempora variation in
ciliate abundance and composition in the tide-pool ecosystem
can be explained by the following scenario. A rugged and
highly fluctuating nighttime environment results in very low
population density. With the arrival of daytime low-tide,
excystment causes the ciliate population to dramatically in-
crease. A growth of vegetable ciliate may also play arolein
the increase of the ciliate population.

The temporal variation in FDC of ciliate showed a high
proportion of dividing cells (about 5.8 %) in theinitial stage of

tide-pool. This supports the belief that vegetable cell growth
contributed to the increase in the tide-pool ciliate population.
If we assume that Td = 1 hr , FDC was 5.8% and the abun-
dance was 250 L™ at 9:30, then the abundance should grow to
264.5 L™ (250 x (1+5.8%)/1 = 264.5) after one hour. In fact,
thisvalueis much lower than the observed ciliate abundance at
10:30 (830 L™). This indicates that vegetable cell growth is
only part of the story. The daytime ciliate community in the
tide-pool became dominated by Srombidium spp.. Many
previous reports have demonstrated that most ciliate excyst-
ment species are members of Srombidium spp. (Kim and
Taniguchi [19], Ichinomiya et al. [16], Agatha et al. [2]).
Therefore, our results support the view of Montagnes et al.
[20] that it isthe excystment process, rather than the growth of
vegetable ciliate that controls the ciliate population dynamic
within atide-pool. Our July sampling date occurred 10 days
after typhoon “ Soulik”. We hypothesized that the high rainfall
and tide would have completely scoured off the ciliate cyst
from the tide-pool, so that there would be no ciliate excyst-
ment occurring within the isolated ecosystem. There was no
significant difference in species composition between the
tide-pool and the surrounding coastal water. However, the
abundance of ciliates in the tide-pool was lower than in the
coastal water (T-test p < 0.05). From these results, we know
that the tide-pool ecosystem was not affected by ciliate ex-
cystment. The ciliates were brought into the tide-pool from
the surrounding coastal water, and were unable to adapt to the
environmental conditions there, resulting in a decrease in
abundance for each ciliate species over time. This phenome-
non may also support the theory of “island biogeography”,
whereby a pioneer species which moves to a new, but un-
suitable, habitat will become extinguished after a short time.
From our results, we infer that excystment plays an important
rolein thediel cycle of the ciliate population in atide-pool.

A further significant diel cycle was observed in the north-
eastern coastal waters of Taiwan. Within an 8 hr daytime
period (17:30 to 1:30) a phenomena growth rate of 5.58 d*
was noted, with ciliate abundance increasing from 210 L™ to
1350 L. Generally, marine ciliate growth rates range from 0
to 1.4 d* (Carrick and Fahnenstiel [8], Strom et al. [27],
Adrian et al. [1]). Asfor freshwater ciliate, Weisse et al. [31]
reported a higher growth rate of 4.71 d* for Bromeliothrix
metopoides ) in a culture experiment.

No adequate explanation could be found regarding the
mechanism of the diel cycle of the ciliate community. In our
study, ciliate abundance correlated positively with prey
abundance (bacteria and synechococcus) (Table 1), suggesting
that diel variations of prey abundance may be the cause. Just
such adiel cycle of prey-predator has been used to describe the
diel dynamic between picoplankton and nanoflagellate (Tsai et
al. [28, 29]). Our study samples produced a large abundance
of zooplankton consisting of copepods and crustacean larvae
(data no show). Wu et al. [32] have demonstrated that the
grazing behavior of microzooplankton differs from day to
night, feeding on ciliate and dinoflagellate during the day, and



C.-F. Chao et al.: Ciliate Community Dynamics in a Tide-Pool 221

Table 1. Corréation analysis. Positive correlation (+), Nega-
tive correlation(-), marked (*) = p < 0.01, un-
marked = p < 0.05.

June
tide-pool +T* +S* -syn*  -PHF*
day
night | +bac
coastal water +syn
day | -T
night
July
tide-pool +T* +bac*  -syn*
day
night | +syn +HNF
coastal water -T* +bac +syn*  +HNF  +PNF*
day | -syn
night | +HNF

diatom at night. The top-down control of predators may
therefore be another factor in the diel cyle of the ciliate
population. Many previous studies have indicated that ciliates
exhibit vertical migration to the surface during the daytime
(Dale [10], Dawidowicz et al. [11], Pérez et al. [21],
Rollwagen-Bollens et al. [24], Rossberg and Wickham [25]).
This vertical migration may aso explain the phenomenal
daytime increase of the ciliate population.

REFERENCES

1. Adrian, R., Wickham, S. A., and Butler, N. M., “Trophic interactions
between zooplankton and the microbial community in contrasting food
webs: the epilimnion and deep chlorophyll maximum of a mesotrophic
lake,” Aquatic Microbial Ecology, Vol. 24, pp. 83-97 (2001).

2. Agatha, S., Strider-Kypke, M. C., Beran, A., and Lynn, D. H., “Pelagos-
trobilidium neptuni (Montagnes and Taylor 1994) and Strombidium
biarmatum nov. spec. (Ciliophora, Oligotrichea): phylogenetic position
inferred from morphology, ontogenisis, and gene sequence data,” Euro-
pean Journal of Protistology, Vol. 41, pp. 65-83 (2005).

3. Bernard, C. and Rassoulzadegan, F., “Bacteria or microflagellates as a
major food source for ciliates: possible implications for the microzoo-
plankton,” Marine Ecology Progress Series, Vol. 64, pp. 147-155 (1990).

4. Berninger, U. G, Finlay, B. G, and Kuuppo-Leinikki, P, “Protozoan
control of bacterial abundances in freshwater,” Limnology and Ocean-
ography, Vol. 36, pp. 139-147 (1991).

5. Broglio, E., Saiz, E., Calbet, A., Trepat, |., and Alcaraz, M., “Trophic
impact and prey selection by crustacean zooplankton on the microbial
communities of an oligotrophic coastal area (NW Mediterranean Sea),”
Aquatic Microbial Ecology, Vol. 35, pp. 65-78 (2004).

6. Calbet, A. and Landry, M. R., “Phytoplankton growth, microzooplankton
grazing, and carbon cycling in marine systems,” Limnology and Ocean-
ography, Vol. 49, pp. 51-57 (2004).

7. Calbet, A. and Saiz, E., “The ciliate-copepod link in marine ecosystems,”
Aquatic Microbial Ecology, Vol. 38, pp. 157-167 (2005).

8. Carrick, J. H. and Fahnenstiel, G L., “Growth and production of plank-
tonic protozoain Lake Michigan: In situ versusin vitro comparisons and
importance to food web dynamics,” Limnology and Oceanography, Vol.
37, pp. 1221-1235 (1992).

9. Christaki, U., Wambeke, F. V., and Dolan, J. R., “Nanoflagellates

10.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

(mixotrophs, heterotrophs and autotrophs) in the oligotrophic eastern
Mediterranean: standing stocks, bacterivory and relationships with bac-
terial production,” Marine Ecology Progress Series, Vol, 181, pp. 297-
307 (1999).

Dale, T., “Diel vertical distribution of planktonic ciliatesin Lindaspoline,
Western Norway,” Mar. Microbial Food Webs, Vol. 2, pp. 15-28 (1987).
Dawidowicz, P, Pijanowska, J., and Ciechomski, K., “Vertical migration
of Chaoborus larvais induced by the presence of fish,” Limnology and
Oceanography, Vol. 35, pp. 1631-1637 (1990).

Fauré-Fremiet, E., “The ecology of some infusorian communities of
intertidal pools,” Journal of Animal Ecology, Vol. 17, pp. 127-130 (1948).
Gifford, D. J., “The protozoan-metazoan trophic link in pelagic ecosys-
tems,” The Journal of Protozoology, Vol. 38, pp. 81-86 (1991).

Hasle, G. R., “The inverted microscope,” in: Sournia, A. (Ed.), Phyto-
plankton Manual, UNESCO Monographs on Oceanographic Methodol-
ogy, Parisv, Vol. 6, pp. 88-96 (1978).

Holyoak, M., “Effects of nutrition enrichment on predatorprey meta-
population dynamics,” Journal of Animal Ecology, Vol. 69, pp. 985-997
(2000).

Ichinomiya, M., Nakamachi, M., and Taniguchi, A., “A practical method
for enumerating cysts of ciliates in natural marine sediments,” Aquatic
Microbial Ecology, Vol. 37, pp. 305-310 (2004).

Johnson, M. P, “Physical control of plankton population abundance and
dynamicsinintertidal rock pools,” Hydrobiologia, Vol. 440, pp. 145-152
(2000).

Jonsson, P. R., “Tidal rhythm of cyst formation in the rock pool ciliate
Strombidium oculatum Gruber (Ciliophora, Oligotrichida): a description
of the functional biology and an analysis of the tidal synchronization of
encystment,” Journal of Experimental Marine Biology and Ecology, Vol.
175, pp. 77-103 (1994).

Kim, Y. O. and Taniguchi, A., “Excystment of the oligotrich ciliate
Strombidium conicum,” Aquatic Microbial Ecology, Vol. 9, pp. 149-156
(1995).

Montagnes, D. J. S., Wilson, S. D., Brooks, S. J., Lowe, C., and Campey,
M., “Cyclica behaviour of the tide-pool ciliate Strombidium oculatum,”
Aquatic Microbial Ecology, Vol. 28, pp. 55-68 (2002).

Pérez, M. T., Dolan, J. R., Vidussi, F, and Fukai, E., “Diel vertical dis-
tribution of planktonic ciliates within the surface layer of the NW Medi-
terranean (May 1995),” Deep Sea Research Part I, Vol. 47, pp. 479-503
(2000).

Porter, K. G and Feig, Y. S, “The use of DAPI for identifying and
counting aquatic microflora,” Limnology and Oceanography, Vol. 25, pp.
943-948 (1980).

Raffaelli, D. and Hawkins, S., Intertidal Ecology, Chapman and Hall,
London (1996).

Rollwagen-Bollens, G. C., Bollens, S. M., and Penry, D. L., “Vertical
distribution of micro- and nanoplankton in the San Francisco Estuary in
relation to hydrography and predators,” Aquatic Microbial Ecology, Vol.
44, pp. 143-163 (2006).

Rossberg, M. and Wickham, S. A., “Ciliate vertical distribution and diel
vertical migration in a eutrophic lake,” Fundamental and Applied Lim-
nology (Archiv fur Hydrobiologie), Vol. 171, pp. 1-14 (2008).

Sanders, R. W., Berninger, U. G, Lim, E. L., Kemp, P. F,, and Caron,
D. A., “Heterotrophic and mixotrophic nanoflagellate predation on pico-
plankton in the Sargasso Sea and Georges Bank,” Marine Ecology Pro-
gress Series, Vol. 192, pp. 103-118 (2000).

Strom, S. L. and Morello, T., “Comparative growth rates and yields of
ciliates and heterotrophic dinoflagellate,” Journal of Plankton Research,
Voal. 20, pp. 571- 584 (1998).

Tsal, A. Y., Chiang, K. P, Chang, J., and Gong, G. C., “Seasona diel
variation of picoplankton andnanoplankton in a subtropical western Pa-
cific coastal ecosystem,” Limnology and Oceanography, Vol. 50, pp.
1221-1231 (2005).

Tsai, A. Y., Gong, G C., Sanders, R. W., Chiang, K. P, Huang, J. K., and
Chan Y. F,, “Significance of Viral Lysis and Nanoflagellate Grazing as
Factors Controlling Diel Variations of Synechococcus spp. abundance in



222 Journal of Marine Science and Technology, Vol. 21, Suppl. (2013)

the coastal waters of the subtropical western Pacific ocean during summer bromeliads,” European Journal of Protistology, Vol. 49, pp. 406-419
2011,” Aquatic Microbial Ecology, Vol. 66, pp. 159-167 (2012). (2013).
30. Verity, P. G, “Grazing, respiration, excretion, and growth rates of tintin- 32. Wy, C. J, Chiang, K. P, and Liu, H., “Diel feeding pattern and prey
nids,” Limnology and Oceanography, Vol. 30, pp. 1268-1282 (1985). selection of mesozooplankton on microplankton community,” Journal of
31. Weisse, T., Scheffela, U., Stadlera, P, and Foissnerb, W., “Bromeliothrix Experimental Marine Biology and Ecology, Vol. 390, pp. 134-142 (2010).

metopoides, a boom and bust ciliate (Ciliophora, Colpodea) from tank



	THE DIEL DYNAMICS OF CILIATE COMMUNITY IN A TIDE-POOL
	Recommended Citation

	tmp.1627950329.pdf.Pzupy

