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ABSTRACT: A new fluorescent dye, cyanoditolyl tetrazolium chloride (CTC), is suggested for use in 
grazing studies to prepare fluorescently labeled bacteria (FLB). As food tracers, CTC-stained bacteria 
appeared to have advantages over FLBs prepared in accordance with previously published protocols. 
The CTC is a vital dye, non-toxic to the examined bacteria; in our study, the CTC-stained bacteria grew 
at the same rate as non-stained bacteria. This is an advantage over the commonly used DTAF-employ- 
ing staining protocol, which results in heat-killed or immobilized prey particles. The CTC-stained bac- 
teria were not toxic to the studied bacterial grazers; a test ciliate grew on FLBs at the same rate as with 
non-stained prey. The CTC-stained bacteria fluoresced bright red as opposed to the green fluorescence 
produced by other protocols. This made it easier to distinguish and count the consumed tracers inside 
protozoan and, potentially, metazoan grazers, both of which appeared green upon glutaraldehyde fix- 
ation. CTC-stained bacteria were compared to other food tracers (FLBs stained with fluorescent dyes 
according to previously published protocols as well as fluorescent latex microspheres) in grazing 
experiments. The former were consumed by a test bacterivorous ciliate at rates 2.5- to 4-fold higher 
than the latter. Two factors may be responsible for these rates. First, CTC-stained bacteria might better 
mimic the extant prey. Second, ingested CTC-stained bacteria might be easier to count due to the color 
of their fluorescence, contrasting with the glutaraldehyde-induced fluorescence of the grazers. 
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INTRODUCTION 

Trophic interactions between aquatic protozoa and 
bacteria have been suggested to play a pivotal role in 
controlling bacterial dynamics (Azam et al. 1983). In 
the water column, the importance of protozoan grazing 
on bacteria has been proven beyond doubt (Fenchel 
1982, Sherr & Sherr 1984, McManus & Fuhrman 1988, 
Pace 1988). Though in benthos the evidence for graz- 
ing balance of bacterial production is controversial 
(Kemp 1990), the overall significance of predator-prey 
interactions between aquatic protozoa and bacteria 
appears indisputable (Kemp 1988, Epstein & Shiaris 
1992b, Hondeveld et al. 1992, Starink et al. 1994). Con- 
sidering how essential trophic relations are between 
bacteria and their grazers, improvements in research 

techniques to quantify those relations may be quite 
important. 

Several different approaches for examining proto- 
zoan grazing on bacteria have been suggested and 
tested. The most widely used technique employs fluo- 
rescently labeled bacteria (FLBs) as food tracers; epi- 
fluorescence rnicroscopy reveals these tracers as they 
accumulate in the digestive vacuoles of the grazer 
(Sherr et al. 1987). Crucial advantages of the technique 
are (1) grazing experiments are short; (2) sample 
manipulations are minimized; (3) under certain condi- 
tions, protozoan grazers can be identified; (4) a range 
of ecophysiological questions can be addressed (Sherr 
& Sherr 1993). However, the existing protocols have 
certain disadvantages due to the nature of currently 
employed fluorochromes (Monger & Landry 1992, 
Gonzalez et al. 1993a). Most importantly, cultured bac- 
teria are predominantly used to prepare labeled prey, 
in part because the employed dyes are rather non- 

O lnter-Research 1995 
Resale of full article not permitted 



144 Mar Ecol Prog Ser 128: 143-150, 1995 

specific and therefore stain too many detrital particles 
in fields samples. Secondly, the color of labeled prey 
fluorescence (green) coincides with the color of preser- 
vative-induced fluorescence of the grazer (green) 
which may make it difficult to enumerate small 
ingested bacteria. This problem is most pronounced in 
the case of sediment protozoan and all micrometazoan 
bacterivores characterized by high lntensities of this 
induced fluorescence. The present paper describes a 
new vital fluorescent dye that, for heterotrophic bac- 
terivores, appears to be superior for preparation of flu- 
orescently labeled prey for grazing experiments. 

MATERIAL AND METHODS 

Live fluorescent staining. We tested the ability of 
several vital fluorescent dyes to stain bacteria in a way 
suitable for use in grazing experiments. In all cases, 
the source of bacteria was marine intertidal sand (see 
below). 

Fluorescein isothiocyanate (FITC; Sigma, St. Louis, 
MO, USA) was used at 2 final concentrations: 100 pg 
ml-' in either 40 pg ml-' of dithioerythritol (Monger & 

Landry 1992, Gonzalez et  al. 1993a) or in carbonate/ 
phosphate saline (Sherr & Sherr 1993) and 10 1-19 ml-' 
in either 4 pg ml-' of dithioerythritol or carbonate/ 
phosphate buffer saline (see above references). Two 
incubation times were employed: overnight (Monger & 

Landry 1992, Gonzalez et al. 1993a) and 10 to 15 min 
(Sherr & Sherr 1993). Cyanoditolyl tetrazolium chloride 
(CTC, Polysciences, Inc., Warrington, PA, USA) was 
used at 3 final concentrations: 5 (manufacturer sug- 
gested), 2.5, and 0.5 mM. Incubatlons were 1, 2, 4 h 
and overnight at either room temperature (22°C) or 
28°C (Rodriguez et al. 1992). Hydroethidine (HE, Poly- 
sciences, Inc.) was used at the concentration suggested 
by the manufacturer [stock solution (7 mg ml-l) in N,N- 
dimethylacetamide (Polysciences, Inc.), final concen- 
tration 14 pg ml-'1 with 0.5, 1, and 2 h incubation. times. 
2 ' ,  ?'-bis(2-carboxyethyl)-5(6)-carboxyfluoresceinacet- 
oxymethylester (BCECF-AM, Sigma) was used follow- 
ing its molecular biological applications (Dr A. Neifach 
pers. comm.) at 1 pg ml-' final concentration [stock 
solution 50 pg ml-' in dimethyl sulfoxide (Sigma)]. 

Bacterial growth experiment. Bacteria were ob- 
tained from marine tidal flat sandy sediments and 
extracted according to Epstein & Rossel (1995). Briefly, 
0.5 cm3 surface sediment samples were sonicated (3 X 
60 S) by an ultrasonic cell disrupter (Branson S-125, 
100 W nominal power output) equipped with a 5 mm 
tapered microtip vibrating at 109 pm amplitude. Sam- 
ples were kept on ice to prevent overheating. Upon 
sonication, dislodged bacteria were washed from sedi- 
ments with filter-sterilized (0.2 pm pore-size filters) 

and autoclaved sea water (hereafter called particle- 
free water, PFW). Once removed, the bacteria were 
lightly centrifuged (500 X g for 5 min) to sediment 
detrital particles, filtered through 3.0 pm pore-size fil- 
ters to remove the remaining detritus, and then con- 
centrated by pelletizing at 13 600 X g (15 min) followed 
by resuspension in PFW. 

The bacterial suspension was divided into 2 parts. 
The experimental fraction was stained with CTC 
(0.5 mM final concentration, 2 h staining time). Upon 
staining, the bacteria were washed from the dye by 
repetitive centrifugation/resuspension in PFW (3 
cycles). The bacterial suspension was vigorously 
shaken and lightly sonicated (three 1 S bursts) to break 
the bacterial clumps; the remaining clumps were elim- 
inated by filtering the suspension through 3 pm pore- 
size polycarbonate filters (Poretics, Livermore, CA, 
USA). The control fraction remained unstained but 
underwent the same centrifugation/resuspension/son- 
icatiodfiltration treatment as the CTC-stained bacte- 
ria. Aliquots of experimental and control bacterial sus- 
pensions were added to 10 m1 of marine broth (Difco 
Laboratories, Detroit, MI. USA) in 50 m1 Erlenmeyer 
flasks. Flasks were incubated, without shaking, at 
room temperature (22°C) and under a 16 h light18 h 
dark regime. Samples were taken for bacterial enu- 
meration, preserved with formaldehyde (4 % final con- 
centration), and stained with 4', 6-diamidino-2-phenyl- 
indole (DAPI; Sigma) after Porter & Feig (1980) as 
modified by Schallenberg et al. (1989) ( l 5  min at 5 pg 
ml-l final concentration). Bacteria were concentrated 
on 0.2 pm pore-size black polycarbonate filters (Poret- 
ics) and counted ( 1 2 5 0 ~ )  under Leitz Dialux 20 or Zeiss 
Axiophot microscopes equipped for epifluorescence 
[Leitz filter block 513410 (340 to 380 nm excitation fil- 
ter, 400 nm beam splitter, and 430 nm barrier filter); 
Zeiss filter block 9108460094 (365 nm excitation filter, 
400 nm beam splitter, and 450 nm barrier filter)]. On 
each filter, no fewer than 200 cells were counted in at 
least 15 microscopic fields. Both the experiment and 
the control were run in triplicate. 

Grazing experiment. A grazing experiment was con- 
ducted to examine the rates of protozoan consumption 
of (1) CTC-stained bacteria, (2) 5-([4,6-dichlorotriazin- 
2-yl]amino)fluorescein (DTAF; Sigma) stained bacte- 
ria, (3) FITC-stained bacteria and (4) fluorescent latex 
microspheres (FM; Polysciences, Inc.). In all cases, 
Cyclidium sp. (Ciliophora, Scuticociliatida), a small 
(15 to 25 pm) bacterlvorous chate  previously isolated 
from marine tidal flat sediments and kept in the lab on 
a mixed bacterial diet, was used as a model grazer. 

Ciliates were cultured in acid washed 250 m1 Erlen- 
meyer flasks with mixed bacteria grown in situ on rice 
medium (2 autoclaved rice grains per 150 m1 of PFW). 
The source of bacteria was marine intertidal sand (see 
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above). At a ciliate density of 250 cells ml-l (exponen- 
tial growth), bacterial tracers were added at 1 5 %  of 
total bacterial density (1.38 to 1.67 X 106 cells ml-l 
depending on the flask). These tracers were either: (1) 
CTC-stained bacteria prepared as above; or (2) DTAF- 
stained bacteria prepared after Sherr et al. (1987) and 
Sherr & Sherr (1993) (2 h staining at 60°C at 0.2 mg 
ml-' dye final concentration); or (3) FITC-stained bac- 
teria prepared according to Monger & Landry (1992) 
and Gonzalez et al. (1993a) (15 min staining at 100 pg 
ml-l dye final concentration in 40 pg ml-' dithioerythri- 
to1 solution in PFW); or (4) FM, fluorescing bright 
orange latex microspheres, 0.5 pm in diameter. 

In the course of the grazing experiments, samples 
from different experimental flasks were taken, pre- 
served with ice-cold glutaraldehyde (2 % final concen- 
tration) following the recommendations of Sieracki et 
al. (1987), stained with DAPI as above, concentrated on 
2 or 3 pm pore-size black polycarbonate filters (Poly- 
sciences, Inc.), and examined under epifluorescent 
illumination. Under DAPI-filter set (UV excitation, see 
above), protozoa were located and counted; under 
FITC-filter set [blue excitation; Leitz filter block 
513417 (390 to 490 nm excitation fllter, 510 nm beam 
splitter, and 515 nm barrier filter); Zeiss filter block 
9108460019 (485 nm excitation filter, 505 nm beam 
splitter, and 530 nm barrier filter)], the contents of their 
digestive vacuoles were examined, and the consumed 
fluorescent tracers were counted. 

The grazing experiment was run in triplicate. 
Protozoan growth experiment. The growth of Cyc- 

lidium sp. was studied on a bacterial diet with Kleb- 
siella pneumoniae ATCC 27889 as prey. The bacteria 
were grown on marine agar (Difco Laboratories). The 
marine broth used to prepare the marine agar was 
diluted 50-fold against the concentration recom- 
mended by the manufacturer to prevent the predomi- 
nance of large bacterial cells which are rich under typ- 
ical culture conditions. Colonies were picked up from 
the agar surface, resuspended in PFW, vortexed, 
lightly sonicated (3 bursts of 1 S each), and cleansed 
from the medium by repetitive (3 cycles) resuspension 
in PFW/centrifugation (13600 X g; 15 min). The bacter- 
ial suspensions were divided into 2 parts, with the 
experimental fraction to be stained with CTC as in the 
bacterial growth experiment and the control fraction to 
be used unstained. The bacteria were inoculated into 
150 m1 of PFW in acid washed 250 m1 Erlenmeyer 
flasks followed by the addition of Cyclidium sp. Bacte- 
rial growth in all flasks was stopped by the addition of 
penicillin and vancomycin (both from Sigma; final con- 
centrations 1 and 200 mg respectively) according to 
Sherr et al. (1986). This prevented the growth of CTC- 
stained bacteria which would otherwise lose their 
staining after 2 or 3 divisions. Flasks were incubated 

with agitation (100 rpm) at  room temperature (22°C) 
and under a 16 h light/8 h dark regime. Samples from 
the flasks were taken to enumerate Cyclidiurn sp. and 
processed as in the grazing experiment. Both the 
experiment and control were conducted in triplicate. 

Statistical analyses. Statistical analyses were per- 
formed according to Sokal & Rohlf (1981). The 
Kruskal-Wallis non-parametric test was used through- 
out the study. 

RESULTS 

Live fluorescent staining 

All the employed fluorescent dyes stained bacteria. 
The quality of staining was different depending on the 
stain and staining protocol. 

Both HE and BCECF stained only relatively small 
isolated areas within bacterial cells. As a result, bacte- 
ria appeared to be stained rather weakly with the fluo- 
rescence fading within a few seconds of illumination. 
This made the employed staining protocols unsuitable 
for the purposes of this study. FITC stained bacteria 
well regardless of the protocol employed. Overnight 
incubations at  high (100 pg ml-l) concentration 
resulted in brighter cells that remained fluorescent for 
at least several days at room temperature. However, 
this protocol also resulted in rather bright non-specific 
staining of the detrital particles typically abundant in 
field samples. The level of non-specific staining dimin- 
ished considerably once a lower (10 pg  ml-l) dye con- 
centration and shorter incubations (10 to 15 min) were 
employed. However, the brightness of bacteria, espe- 
cially that of the small ones, diminished also. 

A recently introduced vital fluorescent dye, cyano- 
ditolyl tetrazolium chloride (CTC), appeared as a 
promising alternative dye to prepare fluorescently 
labeled bacteria for grazing experiments. Each of the 
several dye concentrations appeared to work equally 
well; the lowest concentration (0.5 mM final) was 
therefore used. For optimum staining, a 2 h incubation 
was required. With this protocol, we did not find it nec- 
essary to increase the temperature to 28°C as recom- 
mended by the manufacturer and Rodriguez et  al. 
(1992). Longer (overnight) incubations only slightly 
increased the brightness of stained cells. With the cho- 
sen protocol (0.5 mM final dye concentration, 2 h stain- 
ing time, room temperature), the dye readily stained 
98 * (SD) 1% of cultured bacteria (data not shown). 
From field sediment-derived bacteria, if stained irnme- 
diately upon extraction (see below for protocol), only a 
few percent of bacteria became stained. However, an 
overnight incubation (22°C) of field bacteria sus- 
pended in PFW appeared to 'awaken' many cells even 
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Bacterial growth experiment 

We examined initial stages, including the exponen- 
tial growth phase, of bacterial growth. Both the CTC- 
stained and unstained bacteria grew equally well 
(Fig. 1). There was no statistical difference between 
the slopes of the growth curves. We concluded that 
staining with CTC did not impair the ability of bacteria 
to grow and was probably non-toxic to them. 

Grazing experiment 

The protozoa grazed on all the tracers offered (Fig. 2). 
There was no statistically significant difference between 
protozoan rates as calculated on the basis of consump- 
tion of FITC-stained bacteria (alive), DTAF-stained bac- 
teria (heat-killed), and FM (artificial prey). The numbers 
of the first 2 tracers steadily increased in protozoan di- 

1 0  2 0 

T i m e ,  h 

Fig. 1. Test of toxicity of CTC staining on bacterial growth 

gestive vacuoles from 0 to 1.8 to 2.2 per grazer after 
50 rnin of grazing. The corresponding clearance rates 
stayed constant 13.9 (DTAF) and 5.9 X 10-5 (FM) m1 
ciliate-' h-'] for the first 15 rnin of the experiment but 
dropped 3- to 6-fold as calculated from the data from 
longer incubations. The FM were always easy to distin- 
guish as they fluoresced bright orange against DAPI- 
caused blue fluorescence and glutaraldehyde induced 
greenish fluorescence of the grazers. This was not so in 
the case of DTAF- and FITC-stained bacteria, especially 
the small ones, as the color of their fluorescence coin- 
cided with that of the grazers' bodies. 

Similar to FM, the bright red fluorescing CTC- 
stained bacteria were easy to discriminate inside the 
protozoa. The number of these tracers in ciliate food 
vacuoles grew rapidly for the first 15 rnin reaching 
5.1 * (SE) 1.6 per grazer and remained essentially 
unchanged thereafter (Fig. 2). Considering that these 
tracers constituted 5 % of the total number of bacteria 
available to protozoa, the above rate of tracer accumu- 
lation translates into a rate of 408 bacteria ciliate-' h-' 
of the total Cyclidium sp. bacterivory. The correspond- 
ing clearance rate varied from 1.83 to 3.21 X 10-4 m1 cil- 
iate-' h-' during the first 15 rnin of feeding, followed by 
a significant (2- to 4-fold) drop at 25 and 50 rnin incu- 
bation~. 

Protozoan growth experiment 

Ciliates Cyclidium sp, grew equally well on CTC- 
stained and non-stained bacteria (Fig. 3).  Both the 
slopes of the exponential portion of the growth curves 
and the attained protozoan densities were statistically 
indistinguishable between the experiment and the 
control as were the degrees of bacterial disappearance 
due to protozoan grazing (Fig. 4). 
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Fig. 3.  Test of toxicity of CTC-stained food on protozoan growth 

DISCUSSION 

Both bacteria and protozoa represent important 
components of any aquatic community. Consequently, 
their interactions, including trophic interactions, may 
be of primary importance in community functioning. 
Not surprisingly, the techniques to study these inter- 
actions have been - and presently are - a focus of 
marine microbial ecological research (Monger & 
Landry 1992, Gonzalez et al. 1993a, b, Ohman 1993, 
Starink et al. 1994). 

The approach utilizing fluorescently labeled prey, 
bacterial in particular, as food tracers in grazing exper- 
iments is widely used (Sherr & Sherr 1993). A very 
important step in the corresponding protocol is the flu- 
orescent bacterial staining. Ideally, an employed dye 
and staining protocol should be: (1) vital so as not to 
kill the bacteria to be stained; (2) specific to living cells 
so that detrital particles are not stained; (3) sufficiently 
bright to discern ingested FLBs in the bodies of the 
grazers (most preferably, FLBs should appear in spe- 
cific color under epifluorescent illumination suffi- 
ciently different from those used to visualize protozoan 
grazers (i.e. DAPI, FITC, primulin, proflavin) as well as 
those inherent to grazers (red chlorophyll, orange phy- 

CTC-stained bacterial prey 

+ 

l- Tm Unstained bacterial prey . Y 
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Fig. 4. Decline of bacterial abundance in Cyclidiurn sp. 
growth experiment (Fig. 3) due to protozoan grazing 

coerythrin, greenish preservative-induced cytoplasm 
fluorescence); (4) stable under normal light and epiflu- 
orescent illumination. 

The FLB-based protozoa-bacteria grazing experi- 
ments conducted to date have almost universally em- 
ployed DTAF to prepare FLBs. The dye meets require- 
ment (4), but the other requirements are not always 
met: (1) non-vitality: DTAF, at least in the way it is used 
in grazing studies, is not a vital dye so that the DTAF- 
stained FLBs are in fact dead (heat-killed) cells; 
(2) non-specificity: the dye produces strong non- 
specific staining of various debris. Therefore, if field 
bacterial assemblages are to be used to prepare FLBs, 
a number of bacteria-sized detrital particles might be 
expected to be similar in their appearance to bacteria. 
The problem is most pronounced in eutrophic waters 
and sediments. As a result, culture-derived bacteria, 
often monospecific, have been largely used for FLB 
preparation, raising the question of how well these 
FLB would mimic diverse (and much smaller in size) 
field bacteria; (3) color requirements: in addition to 
non-specific staining of debris, there is another inher- 
ent DTAF disadvantage making it difficult to work 
with field bacterial assemblages. Many field bacteria 
are quite small and, if stained with DTAF (and fluo- 
resce green), they may not be bright enough to over- 
come the grazer's body fluorescence (also green). The 
latter is greatly intensified by some fixatives, especially 
glutaraldehyde (E. & B. Sherr pers. comm.). Formalin 
and lugol-formalin-sodium thiosulfate fixative mix- 
tures minimize the fluorescence problem (Sherr & 
Sherr 1993). The lugol-formalin approach has been 
shown to work as well as ice-cold glutaraldehyde in 
terms of preventing fixation-induced egestion of food 
vacuole contents (Sieracki et al. 1987, Sherr et al. 
1989). However, the use of glutaraldehyde may be 
necessitated in sediment research by protozoan 
extraction procedure (S. Epstein unpubl.). More gener- 
ally, the fluorescence problem is most pronounced in 
benthic studies. On average, benthic protozoa are 
many times larger than their planktonic counterparts, 
which results in both stronger inherent autofluores- 
cence and stronger preservation-caused fluorescence 
of their bodies. Metazoan bacterivory is still more diffi- 
cult to study because their bodies fluoresce in green 
many times brighter than even benthic protozoa. 

Therefore, the use of DTAF-stained FLBs in trophic 
experiments necessitates several assumptions. The 
most important ones are concerned with potential 
selectivity in bacterivory. Consideration 1 is important 
if grazers exercise choice in consuming live versus 
dead and motile versus non-motile bacteria. Such 
selection has been suggested (Sherr et al. 1987, Landry 
et al. 1991, McManus & Okubo 1991) and recently 
observed (Monger & Landry 1992, Gonzalez et al. 
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1993a). Consideration 2 is important if grazers exercise 
specific, size and other forms of selection in bac- 
terivory. Some of these forms have been unequivocally 
shown in a number of studies (Krambeck 1988, Chrza- 
nowsky & Simek 1990, Gonzalez et al. 1990, Sherr et 
al. 1990, Epstein & Shiaris 1992a, Gonzalez et al. 
1993a). This necessitates the use of field bacterial 
assemblages rather than cultured bacteria as a source 
of cells for fluorescent staining which, in at least some 
environments, may be difficult to achieve using DTAF 
(Considerations 2 and 3). 

Recently, a vital dye, fluorescein isothiocyanate 
(FITC), has been used as a DTAF alternative (Monger 
& Landry 1992, Gonzalez et al. 1993a). Using motile 
bacteria as a model prey, a substantial difference was 
shown in protozoan grazing rates on live (FITC- 
stained) versus killed (DTAF-stained) cells of the same 
strain. The introduction of FITC as a non-lethal dye has 
thus eliminated one of the most important drawbacks 
(Consideration 1) of the earlier, DTAF-based protocol. 
Unfortunately, Considerations 2 and 3 are as valid for 
FITC- as they are for DTAF-stained prey. 

We conducted a search for a fluorescent dye that 
would satisfy all the above requirements, and found a 
recently introduced vital fluorescent dye, CTC, to be a 
promising alternative to DTAF and, under certain con- 
ditions, FITC, in grazing studies. 

CTC is a respiratory dye that, in its oxidized form, is 
colorless, non-fluorescent, and soluble in water. Inside 
a respiring cell, CTC is reduced and accumulates intra- 
cellularly as CTC-formazan. The latter is insoluble and 
fluorescent. As non-biological reduction of CTC in 
field samples is probably not strong enough to produce 
any substantial amounts of extracellular CTC-forma- 
zan, the dye is very specific to live, metabolizing cells. 
It has been used previously to evaluate the number of 
actively respiring bacteria in environmental samples 
(Rodriguez et  al. 1992). 

The experimental results indicate that CTC-stained 
bacteria are: (1) alive and growing at rates identical to 
non-stained bacteria (Fig. 1); (2) non-toxic to protozoan 
grazers which grow equally well on CTC- and non- 
stained bacteria (Fig. 3); (3) consumed at higher rates 
than other bacterial and artificial tracers (Fig. 2) and 
apparently consumed at the same rates as non-stained 
bacteria (Fig. 4); (4) exhibiting a bright red fluores- 
cence which contrasts well with the grazers' blue 
DAPI-caused fluorescence, glutaraldehyde-induced 
greenish cytoplasm fluorescence, and, in some grazers, 
inherent greenish autofluorescence. 

The fourth advantage is particularly important for 
the following reason. In protozoa- and, to some extent, 
micrometazoa-bacteria grazing experiments that have 
employed fluorescently labeled prey, fluorescence 
microscopy was used not only to enumerate consumed 

tracers, but also to visualize, locate, and identify the 
grazers themselves. As the prey was labeled with 
green-fluorescing dyes (DTAF and FITC), the choice of 
fluorochromes to stain grazers was limited to fluoresc- 
ing blue DAPI. This dye is highly specific to DNA and, 
at commonly used concentrations, will not resolve 
cytoplasm, flagella or cilia which may make it difficult 
to identify the grazer. This is why either elevated DAPI 
concentrations (Sherr et al. 1993) or less specific dyes 
such as FITC, primulin and proflavin, alone or in con- 
cert with DAPI (Haas 1982, Caron 1983, Sherr & Sherr 
1983, Martinussen & Thingstad 1991), have often been 
used for protozoa counting purposes. This provides 
much better fluorescent images of, for example, proto- 
zoan bodies, cilia and flagella placement. In the 
authors' experience, the dual staining is particularly 
useful in aquatic protozoan enumerationhdentifica- 
tion. However, the use of dual labeling in grazing 
studies has been precluded by the fact that the above 
dyes would mask DTAF- or FITC-stained prey. The red 
fluorescing CTC-stained prey allows blue/green dual 
protozoan staining, thus allowing for enumeration of 
consumed prey items and superior grazer identifica- 
tion. 

Another advantage of CTC lies in its specificity to 
live cells. Since detrital particles are not stained unless 
very high dye concentrations/long incubations are 
used, it is possible to stain field derived, detritus bound 
bacteria in order to study grazing on attached bacteria. 
So far, this could be achieved only by a rather elabo- 
rate experimental design (Starink et al. 1994). 

The color properties of CTC, advantageous in some 
respects, bring certain limitations to its use in prey 
staining. The red color of CTC-stained bacteria fluo- 
rescence is close to the color of chlorophyll/phyco- 
erythrin fluorescence, whlch may make it difficult to 
discriminate CTC-stained bacteria inside mixotrophic 
grazers. In this case, FITC-stained tracers may be 
easier to distinguish. There is also a price to be paid 
for high CTC specificity, from which 2 shortcomings 
result. First, as only metabolically active bacteria are 
stained, it follows that only grazing on active bacteria 
can be studied. If there is a selection for active bacte- 
ria, the rates of total bacterivory may be overestimated. 
This may explain why Cyclidium sp. consumed CTC- 
stained bacteria at rates higher than all the other tra- 
cers. The latter were consumed at similar rates appar- 
ently without discrimination. This corroborates well 
with the earlier observation that Cyclidium sp. did not 
discriminate between FM and live bacteria (Pace & 

Bailiff 1987). Second, as not all the field bacteria were 
metabolically active, not all of the bacteria reduced the 
dye to the extent that would allow their visualization. 
Whereas in the water column the proportion of respir- 
ing bacteria is relatively high (Rodriguez et al. 1992), it 
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is rather low in aquatic sediments. In our preliminary 
experiments, only a few percent of extant marine 
sediment bacteria incorporated substantial amounts of 
CTC (S. Epstein & J. Rossel unpubl.). We found that an 
overnight incubation (room temperature, no nutrients 
added) of field-derived sediment bacteria increased 
the number of bacteria incorporating the dye to over 
50 % of the total DAPI count. Therefore, if CTC-stained 
bacterial tracers are made from such a mixture, u p  to 
half of the cells may not be fluorescing. 

In conclusion, the new vital dye, cyanoditolyl tetra- 
zoliunl chloride (CTC), has been identified as a promis- 
ing stain to prepare fluorescently labeled prey for 
grazing experiments. Its advantages are its specificity 
to living cells, its non-toxicity, and its fluorescing prop- 
erties. These qualities may make CTC-stained fluores- 
cent food tracers suitable for the study of heterotrophic 
protozoan and micron~etazoan bacterivory in aquatic 
communities, particularly in detritus rich eutrophic 
waters and sediments. 
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