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Data on the abundance of thymidine-active cells 
have been combined with 3~-thymidine incorporation 
rates to estimate growth rates of bacteria. These results 
are discussed within the context of spatial covariation 
of abundance and production of bacteria with phyto- 
plankton. 

METHODS AND MATERIALS 

Water samples were collected off the coast of Nova 
Scotia, Canada, during the period 2 to 11 June 1982, at 
several locations (Fig. 1) selected to provide a variety 
of environments. These included 2 coastal stations, SS 
26 and 29, 2 stations over the slope region, SS 9 and 55, 
and a station, SS 13, near the center of a warm core 
Gulf Stream ring (82-G; Wroblewski & Cheney 1984). 
During the sampling period, temperature and salinity 
were 6.5"C aiid 31.5?L at the coastal staticcs; 7.5 to 
10°C and 32.2 to 33.0%0 at the slope stations; and 
19.5 "C and 36.0 % at the eddy station. A description of 
the physical environment and plankton dynamics of 
this region has been presented by Fournier et al. 
(1977). 

Fig. 1. Sampling locations off eastern Canada 

Water samples were collected with 5 1 Niskin bottles 
at depths corresponding to the 50 % light level at all 
stations. Samples for the following determinations 
were taken: chlorophyll a,  primary production, 
acridine orange direct counts (AODC), thymidine 
incorporation and autoradiography. At Stn SS 9, the 
sampling location was marked with a drogue set in the 
upper mixed layer and samples were collected at ca 
1000 h (local time) on 2 consecutive days. The depths 
sampled corresponded to the 100, 30, 15, 9.5, 6, 3 and 
1 % light levels as determined using a Secch disc. Two 
aphotic zone samples, 60 and 75 m, were also collec- 
ted. 

Chlorophyll a concentration was determined fluo- 

rometrically on samples collected on Whatman GF/F 
filters using the method of Strickland & Parsons (1972). 

Measurements of primary production were made by 
adding 5 pCi of ~ ' ~ ~ 0 3  (New England Nuclear, 40 to 
60 mCi mmol-l) to samples in 125 m1 Pyrex B.O.D. 
bottles. Two light and one opaque bottle were incu- 
bated for 24 h for each sample under simulated in situ 
light conditions. Following incubation, the contents 
were filtered (Whatman GF/F) and primary production 
was calculated (Strickland & Parsons 1972). 

Acridine orange cell counts were made using the 
method of Zimmermann & Meyer-Reil (1974) adapted 
as follows. Samples were filtered onto pre-stained 
(Sudan Black; Sigma S-2380, 1 : 15 000 in 50 O/O ethanol 
for 24 to 48 h) 0.2 pm pore-size Nuclepore filters. A 
second filter (Millipore HA) was placed underneath to 
facilitate dispersion of the bacteria over the filter sur- 
face. After 3 min of staining (Sigma A-6014, 0.1 % final 
conc.), the excess stain was drawn through and the 
filter was air dried. Filter sections were mounted in 
immersion oil (Cargille Type A) and cells were 
counted at 1 2 5 0 ~  magnification with an epifluores- 
cence-equipped (exciter filter, 450 to 490 nm; beam 
splitter, 510 nm; suppression filter, 515 nm: Leitz filter 
pack 12) Wild Leitz Dialux 20 EB microscope. 

Bacterial production was estimated using the 
method of Fuhrman & Azam (1980). 3~-thymidine 
(New England Nuclear, specific activity: 77.2Ci 
mmol-l, 5 nM final concentration) was added to 20 m1 
water samples which were incubated in the dark at 
within 1.0 C" of in situ temperature for 8 to 10 h. Mac- 
romolecules were precipitated using ice-cold 5 % 
trichloroacetic acid (TCA) and were collected on Milli- 
pore HA filters. The filters were rinsed 5 times with 
ice-cold TCA and then placed in scintillation vials 
with lOrnl of Aquasol 2 (New England Nuclear). 
Radioactivity was counted on a LKB Racbeta liquid 
scintillation counter. Samples were run in duplicate; 
time-zero blanks were subtracted from sample meas- 
urements. Bacterial production was estimated from 3 ~ -  
thymidine incorporation rate using the factor 2 X 10" 
cells per mole thymidine and assuming that 65 O/O of the 
incorporated thymidine was present in DNA (Fuhrman 
& Azam 1982). Bacterial carbon production was calcu- 
lated based on an average cell volume of 0.10 km3, 
whlch was determined from acridine orange stained 
samples, and a carbon-to-cell volume ratio of 121 fg C 
pm" (Watson et al. 1977). 

Growth rates (d-l) of thymidme-incorporating bac- 
teria were estimated using the relation: 

bacterial production (cells 1-' d-l) 
Growth rate = 

thyrnidine-active bacteria (cells 1-l) (1) 

Autoradiograms were prepared using the method of 
Meyer-Reil (1978) as modified and described by Doug- 
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Fig. 2. Autoradiograms of cells 
labelled with (A) 3H-thyrnidme 
and (B) 3H-glutamate. (Bar length 

= 5 pm) 

las (1984). The substrates and concentrations used 
were: L-[3,4-3H-]glutamic acid (New England Nuclear, 
specific activity: 44.0 Ci mmol-'; 3.4 nM final conc.) 
and [methyl-3H]thymidine (New England Nuclear, 
specific activity: 77.2 Ci mmol-l; 5 nM final conc.). 
Autoradiography samples were incubated at the same 
temperature and for the same length of time as corres- 
ponding samples for measurements of bacterial pro- 
ductivity. Cells were counted if they had exposed a 
minimum of 3 silver grains. In almost all cases more 
grains were exposed, creating a halo around the label- 
led cells (Fig. 2).  Labelled cells from 220  microscope 
fields were counted for each sample. The mean cell 
abundance and the 95 % confidence interval (CI) of the 
mean were calculated. 

RESULTS 

Abundance of glutamate- and thymidine-active cells 

Autoradiograms of samples incubated with 3 ~ - t h y -  
midine and 3~-g lu tamate  revealed that many of the 
cells present were labelled with exposed silver grains 
(Fig. 2). The substrate-active cells ranged in size from 
cocci of ca 0.2 to 0.5 pm in diameter to bacilli of up to 
several micrometers in length. There were, however, 
small numbers of relatively large (ca 0.8 to 1.4 pm), 
bright fluorescing ovoid or spherical cells which did 
not incorporate either substrate. These unlabelled cells 
appeared to correspond, at least in part, to the photo- 
synthetic picoplankton described by Douglas (1984). 
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Table 1. Abundance of substrate-active cells. GACC and counts of glutamate-incorporating cells (Table 1). The 

Glutamate Thymidme 
Location CACC ?'o TACC ?'o 

- AODC - AODC 
X ( - t95% CI) X (5 95% CI) 

Coastal 
SS 26 NS - 0.81 (k0.18)  16.8 
SS 29 2.29 (+ 0.56) 69.4 0.37 (+  0.08) 11.2 

Slope 
SS 9 5.12 (+  0.53) 41.3 1.31 (f 0.20) 10.6 
SS 55 4.17 (+ 0.48) 35.6 0.74 ( f  0.13) 6.3 

Eddy 
SS 13 4.27 (t 1.01) 97.0 0.81 (+ 0.09) 18.5 

Overall - 
X 3.96 60.8 0.81 12.7 
SE 0.60 14.1 0.15 2.2 

TACC: glutamate- and thymidine-active cell counts (units: average percentages of glutamate- and thymidine- 
cells X 105 ml-l); % AODC: percent of acridine orange direct 
counts; CI: confidence interval; NS: no sample; SE: standard 

active cells relative to AODC were 60.8 and 12.7 %, 

error respectively. 
The activity in samples incubated with 3H-thy- 

rnidine varied from 20.8 to 89.4 Kdpm per 106 cells 
(Table 2). There was no tendency for low percent of 
cells labelled to correspond with low values of activity- 
per-cell ($ = 0.19; not significant at p<0.05). Incorpo- 
ration measurements using 3H-glutamate were not 
done routinely. However, an experiment conducted at 
2 depths at Stn SS 9 indicated that glutamate-incor- 
porating bacteria were characterized by a lower dpm- 
per-cell than cells whlch incorporated thymidme 
(Table 2). 

Neither substrate was taken up in control incuba- 
tions (cells killed at time zero). However, background 
silver ~ r d ?  density in the controls was consistently 
lower than in live samples. This difference may have 
resulted from production of insoluble radioactive 
extracellular products by bacteria. In any case, the 
background was evenly distributed and did not cause 

Table 2. Percent of cells labelled and activity-per-cell difficulty in identifying labelled cells. 

Location Depth O/O of cells Kdpm-per 
(m) labelled 106 cells' 

Thymidine 
SS 9 0 16.5 26.6 

8 10.6 58.6 
18 10.2 60.9 
25 6.8 89.4 
30 8.2 71.5 
37 7.4 50.0 
49 8.6 44.2 
60 11.2 20.8 
75 5.9 29.2 

SS 13 8 13.5 60.7 
SS 26 4 16.8 27.2 
SS 29 3 11.2 56.8 
SS 55 4 6.3 54.2 

Glutamate 
SS 9 8 46.3 16.9 

49 59.7 11.4 

' Kdpm = dpm X 1000 

Occasionally, larger phytoplankton, including diatoms 
and dinoflagellates, were observed in the samples. 
These were, almost without exception, free of silver 
grains. In the few cases where there were exposed 
silver grains on algal cells, the grains appeared to be 
associated with bacteria located on the algae. 

Glutamate-active cell counts (GACC) varied from 
2.29 to 5.12 X lo5 cells ml-' (Table 1). Thymidine- 
active cell counts (TACC) were 0.37 to 1.31 X lo5 cells 
rnl-'; they were consistently lower than corresponding 

Thymidine incorporation and bacterial growth rates 

Thymidine incorporation rates at the 50 % Light level 
varied from 1.37 pm01 I-' h-' at one coastal station 
(SS 26) to a maximum of 4.72 pm01 1-' h-' at the slope 
station, SS 9 (Table 3). These data correspond to bac- 
terial production of 0.80 to 2.73 yg C 1-' d-'. Incorpora- 
tion of 3H-thymidine over the incubation period aver- 
aged 0.58% (range: 0.02 to 1.6%; n = 42) of the 
substrate added. Cell growth rates, calculated by nor- 
malizing thymidine-based production rates to thy- 
midine-active cell counts, varied from 0.86 to 2.0 d-' 
(Table 3). 

Vertical distribution of abundance, production and 
growth of substrate-active cells 

At the slope station, SS 9, counts of substrate-active 
cells, bacterial production and cell growth rates were 
maximum in the upper euphotic zone, decreasing with 
depth below 25 to 30 m (Table 4; Fig. 3). Glutamate- 
and thyrnidine-active cell counts, bacterial produchon 
and growth rates at the 50 % light depth were 6.5, 6.6, 
27, and 4.3 times greater than corresponding values at 
75 m. 

Counts of glutamate-incorporating cells were consis- 
tently greater than those based on thymidine incorpo- 
ration at all depths sampled. Numbers of glutamate- 
and thymidme-active cells relative to total cell counts 
averaged 33.0 and 9.5%, respectively (Table 4).  
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Table 3. Thymidine incorporation, bacterial production and 
growth rate. B: P prod: bacterial production expressed as a 
percentage of primary production; NRS: no replicate sample; 

SE: standard error 

Location Thymidine Bacterial B : P Growth 
incorpora- production prod rate 
tion (pm01 (pgC I- '  d-l) ( X  100) (d-') 

1-1 h-l 1 

Coastal 
SS 26 1.44 (0.04) 0.84 (0.01) 2.5 0.86 
SS 29 1.37 (NRS) 0.80 (NRS) 2.3 1.8 

Slope 
SS 9 4.72 (0.03) 2.73 (0.11) 33.0 1.7 
SS 55 2.44 (0.02) 1.42 (0.06) 1.9 1.6 

Eddy 
SS 13 3.44 (0.02) 2.00 (0.04) 23.1 2.0 

Overall 
X 2.68 1.56 12.6 1.6 
SE 1.20 0.37 6.5 0.20 

Although there were fewer active cells at depth, the 
proportion of active cells relative to total cell counts 
did not vary with a consistent pattern (Table 4). 

Bacterial production through and immediately 
below the euphotic zone averaged 1.75 pg C 1-' d-l. 
Bacterial production constituted an average of 33 '10 
of primary production above the 1 % light depth 
(Table 4). 

DISCUSSION 

Autoradiography 

Bacteria of the range of size and morphology 
observed with epifluorescent microscopy (Ferguson & 

"QC I - I  d- I  upC I - '  d - l  
2 4 6 8 10 12 0.5 1.0 1.5 2.0 2.5 3.0 

ug C ~ I  I - I  cells X 105 rnl-l 
5 10 15 20 

ATACC 
@GACC 

AODC 

ACGR 
BPROD 

Fig. 3. Vertical profiles of chlorophyll a, primary production. 
substrate-active cells, bacterial production and cell growth 
rates at slope station, SS 9. CHL A: chlorophyll a; PPROD: 
primary productivity; TACC and GACC: thymidine and 
glutamate active cell counts; AODC: acridine orange direct 
counts; CGR: cell growth rate; BPROD: bacterial productivity. 
Error bars: primary productivity, range of duplicate samples; 
remaining variables, range of 2 profiles collected 24 h apart. 

Dashed line: 1 % light depth 

Rublee 1976, Zimmermann 1977, Ferguson & Palumbo 
1979, Fuhrman 1981) incorporated 3H-glutamate and 
3~-thymidine.  Thls result, and the virtual lack of label- 
ling of algal cells, supports conclusions based on lune- 
tic and size-fractionatinn studies (see e.g. review -I  

Van Es & Meyer-Reil 1982) in establishing that bac- 
teria are responsible for the bulk of incorporation of 
dissolved organic substrates in marine environments. 
The autoradiography results also strengthen the argu- 
ment that thymidine incorporation is specific to bac- 

Table 4.  Abundance, thyrnidine incorporation and growth rates of substrate-active cells a t  the slope station, SS 9. Units: GACC 
and TACC, cells X 105 ml-'; TdR incorporation, pm01 1-l h-'; growth rate, d-'. B: P prod: bacterial production expressed as  a 

percentage of primary production; SE: standard error 

Depth Glutamate Thymidine Bact prod B : P prod Growth rate 
GACC % AODC TACC % AODC 

0 5.76 44.3 2.14 16.5 1.95 22.1 0.74 
8 5.12 41.3 1.31 10.6 2.73 33.0 1.73 

18 4.06 31.5 1.31 10.2 2.80 29.3 1.78 
25 3.44 23.9 0.98 6.8 2.71 35.1 2.28 
30 3.32 27.9 1.19 8.2 3.04 44.2 2.12 
37 3.23 30.5 0.90 7.4 1.11 30.1 1.32 
49 2.88 42.3 0.68 8.6 0.93 38.4 1.09 
60 1.72 37.4 0.51 11.2 0.36 I 0.58 
75 0.79 23.2 0.20 5.9 0.10 l 0.40 

Overall - 
X 3.37 33.0 1.02 9.5 1.75 33.0 1.36 
SE 0.51 2.9 0.19 1.0 0.38 2.8 0.22 

' Primary productivity measurements were not made below the 1 % light depth 
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Table 5. Abundance of substrate-active cells; comparison with literature values. AA: amino acid mixture; NR: not reported 

Location Substrate Abundance % AODC Source 
( X  105 m]-l) 

Bay of Kiel AA 19 4 1 Hoppe 1976 

k e l  Fjord Glucose 1.2-32.5 2.3-56.2 Meyer-Reil 1978 

Scripps Pier Glucose NR 4 5 Fuhrman & 1982 
AA NR 4 6 5 2  
Thymidine NR 34-52 

Chesapeake Bay1 Acetate 50:69 34.5 : 47.6 
AA 71:75 47.6,50.3 
Thymidine 106:120 67.33 : 75.5 

Chesapeake Bay AA 10-156 7.8-87.1 

Halifax Harbour Glucose 0.0%2 0.%16.0 
Glutamate 2-6 20.3-35.2 
Thymidine 1-1.2 9.2-19.7 

Danish fjord TkyxiOinc 7.0-10.3 2&80 

Nova Scotia 
Coastal Glutamate 2.29 69.4 
Slope Glutamate 0.79-5.76 23.2-44.3 
Eddy Glutamate 4.27 97.0 

Coastal Thymidine 0.37-0.81 11.2-16.8 
Slope Thymidme 0.20-2.14 5.9-16.5 
Eddy Thyrnidine 0.81 8.8 

Tabor & Neihof 1982 

Bailey et al. 1983 

Novitsky 1983a 

fiemann et al. 1984 

Present study 

' Comparison by the authors of 2 methods, X: Y where X = method of Meyer-Reil (1978) and Y = method of Tabor & Neihof 
(1982) 

teria (Fuhrman & Azam 1982) over a variety of marine 
environments. 

Since many of the smaller cocci incorporated the 
radiolabelled substrates, there was no evidence that 
the metabolism of these cells was shut down as has 
been observed for cells of similar appearance resulting 
from laboratory-induced starvation (Novitsky & Morita 
1976, 1977). There was, however, evidence that a sub- 
stantial porbon of cells was not active in incorporation 
of the 2 substrates tested. If the most conservative 
possibility is assumed, i.e. the bacteria incorporating 
glutamate and thymidine represent independent 
populations, the number of substrate-active cells 
would still constitute a minority of direct cell counts in 
the upper water column at Stn SS 55 (Table 1) and at 
most depths sampled at Stn SS 9 (Table 3). 

Because counts of substrate-active cells are 
minimum estmates of total metabolically-active bac- 
teria (see below), our results do not prove that a major- 
ity of cells was dormant. The wide range in percent of 
total bacteria which were active with respect to gluta- 
mate and thymidine does suggest, however, that there 
is considerable variation in the proportion of bacteria 
which are metabolically active in different natural 
habitats. 

There are few data available on abundance of sub- 

strate-active bacteria for comparison with the results of 
this research. Virtually all studies combining auto- 
radiography with organic substrates have used either 
single species (Brock 1967, Ramsay 1974) or have been 
conducted in estuarine or eutrophic nearshore environ- 
ments (Hoppe 1976, 1977, Meyer-Reil 1978, Tabor & 
Neihof 1982, 1984, Bailey et al. 1983, Novitsky 1983a). 
The abundance of both total and substrate-active bac- 
teria in highly eutrophic waters such as the 
Chesapeake (Tabor & Neihof 1982, 1984, Balley et al. 
1983) and Kiel Bays (Meyer-Reil 1978) is clearly grea- 
ter than in the waters off Nova Scotia (Table 5). Our 
abundance data are, however, similar to those reported 
in water samples collected in Eastern Passage, Nova 
Scotia (Novitsky 1983a) and overlap with those of the 
Kiel Bight (Meyer-Reil 1978). 

As well as the abundance data, the proportion of 
substrate-active bacteria relative to total cell counts is 
also of interest. The data collected in our study are 
generally consistent with values presented in the 
recent literature (Table 5 )  with the exception of the 
bacteria which incorporate thymidine. The results of 
Fuhrman & Azam (1982) and Tabor & Neihof (1982) 
indicate that the number of bacteria which took up 
thymidine was sirmlar to the number which incorpo- 
rated other organic substrates. In contrast, our results 
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indcate that counts of bacteria which incorporated 
thymidine were always lower than those of demon- 
strably active cells as determined using glutamate. 

The observation that not all heterotrophically active 
bacteria incorporate thymidine is not new. Novitsky 
has reported that only a small minority of total 
(Novitsky 1983a) or actively growing (Novitsky 1983b) 
bacteria incorporated thymidine in Eastern Passage, 
Nova Scotia. Similarly, in one of the earliest auto- 
radiographic studies of aquatic bacteria, Ramsay 
(1974) reported that 2 of 6 pure isolates did not take 
up thymidine. A possible reason for the difference 
between the abundance of glutamate- and thymidine- 
incorporating bacteria is that a fraction of hetero- 
trophically active cells may not be growing. The vahd- 
ity of this explanation has, however, been questioned 
by the results of Novitsky (1983b), which demonstrated 
clearly that bacterial growth, as measured by increase 
in cell numbers, could not be explained by counts of 
cells active with respect to several organic substrates 
including thymidine. This result supports the earlier 
findings of Ramsay, i.e. that some actively growing 
bacteria do not incorporate thymidine. 

It is difficult to explain the substantial variation in 
proportion of total populations which take up labelled 
substrates which has been reported in the literature. 
Two of the factors to which autoradiography is sensi- 
tive are the concentration and specific activity of the 
substrate used. For this reason, the concentration 
(5 nM) of thymidine advocated by Fuhrman & Azam 
ji980j and used by Tabor & Neihof (1982) was used in 
this study. Similarly, the specific activity of the thy- 
midme which we used (77.2 Ci mmol-') was similar to 
that used by Tabor & Neihof (75 Ci mmol-l) and was 
equal to or greater than that employed by Fuhrman & 
Azam (40 to 60 Ci mmol-' [l9801 and 2 5 0  Ci mmol-' 
[1982]). 

Differences in methods between investigators may 
contribute to variation in results. Tabor & Neihof (1982) 
compared the technique used in our study (and by 
Meyer-Reil 1978 and Novitsky 1983a, b) with an 
'improved' technique. Although their method did pro- 
duce slightly greater counts of thyrnidine-active bac- 
teria (75.5 vs 67.3 %, Table 5), this change is not suffi- 
cient to explain the large differences among studies. 

Based on the data avdab le ,  it appears that natural 
bacterial populations in different habitats have differ- 
ent proportions of metabolically active bacteria which 
are able to incorporate thymidine. One aspect which 
remains unclear is whether some populations may 
exist in a state of unbalanced growth, i.e. that cells 
actively incorporate carbon and energy substrates for 
periods of time when they are not synthesizing nucleic 
acids. This possibility is difficult to determine for 
heterogenous natural bacterial populations. What is 

clear is that until there is strong evidence to the con- 
trary, the case for thymidine incorporation as an uni- 
versal indicator of bacterial production in natural sys- 
tems must be  examined cautiously. 

One of the least understood limitations of auto- 
radiography is the question of how much radioactivity 
an individual cell must have incorporated to expose 
sufficient silver grains for detection. In our study, com- 
parison of numbers of substrate-active cells with net 
incorporation revealed activity-per-cell values of 1.14 
to 8.94 X 10-~ dpm cell-' (Table 2). Although gluta- 
mate incorporation experiments were not run on a 
routine basis, the activity-per-cell values at 2 depths at 
Stn SS 9 were the lowest encountered (1.67 and 1.14 X 

1 0 - ~  dpm cell-'; Table 2). Thls provides evidence that 
the method is sensitive to lower per-cell activity levels 
that were characteristic of thymidine-active cells. This 
pattern was also observed by microscopic examination 
of the autoradiographic slides which showed that the 
cells which took up thymidine were generally charac- 
terized by greater numbers of silver grains than gluta- 
mate-active cells. 

If the low counts of thymidine-incorporation cells 
which we observed resulted from substantial numbers 
of cells which incorporated thymidine in amounts 
below the threshold for autoradiographic detection, we 
would expect a correlation between percent of cells 
labelled and activity-per-cell values (Fuhrman & Azam 
1982). This was clearly not the case (Table 2). 

Spatial covariation of bacterial abundance and 
production with chlorophyll and primary production 

There was no significant correlation between bac- 
terial variables and phytoplankton abundance or pro- 
duction among the 5 locations investigated. There was, 
however, strong spatial covariation among substrate 
active cell counts, thymidine incorporation and pri- 
mary production in the vertical profile data collected at 
Stn SS 9 (Fig. 3). Despite the presence of a well- 
defined subsurface chlorophyll maximum (SCM), 
measurements of bacterial abundance, production and 
growth rate covaried more closely with the vertical 
distribution of primary production than with chloro- 
phyll a. 

The subsurface chlorophyll maximum layer is a con- 
sistent feature of the waters in the slope region off 
Nova Scotia during the late spring and summer and 
appears to be composed of light-limited but otherwise 
healthy phytoplankton located at the nitricline (Har- 
greaves 1982). Although the majority of the chloro- 
phyll in the water column may occur in this layer, there 
is compelling evidence that most photosynthetic pro- 
duction occurs above, rather than within, the SCM 



98 Mar. Ecol. Prog. Ser. 36: 91-99, 1987 

(Herman & Platt 1983). It is notable that our results Ducklow, H. W., Hill, S. M. (1985b). The growth of hetero- 
demonstrated that the region above the SCM is also trophic bacteria in the surface waters of warm core rings. 

characterized by greater bacterial abundance and pro- Lmnol. Oceanogr. 30: 23S259 
Ducklow, H. W., krchman, D. L. (1983). Bacterial dynamics 

duction rates. These results suggest that bacteria, both and distribution during a spring diatom bloom in the 
in abundance and production rate, are more closely Hudson River plume, USA. J. Plankton Res 5: 333-355 
coupled with phytoplankton production than with DucMow, H. W., Kirchman, D. L., Rowe, G. (1982). Production 
algal biomass. and vertical flux of attached bacteria in the Hudson k v e r  

plume of the New York Bight as studied with floating 
sedment traps. Appl. environ. Microbiol. 43: 769-776 

Faust, M. A., Correll, D. L. (1977). Autoradiographlc study to 
detect metabolically active phytoplankton and bacteria in 

CONCLUSIONS 

An important consideration when evaluating thy- the Rhode h e r  ~ s i u a r ~ .  ~ a r . ? ~ i b l .  41: 293-305 

midine-based bacterial production data is the apparent Ferguson, R. L., Palumbo, A. V. (1979). Distribution of sus- 
pended bacteria in neritic waters south of Long Island 

lack of utilization of this substrate by a significant during stratified conditions. Limnol. Oceanogr. 24: 
number of heterotrophically active bacteria. The 697-705 
extent to which this factor has affected the results of 
published accounts in the literature is difficult to deter- 
mine because few autoradiographc investigations 
using thyrnidine have been made. The lack of pub- 
lished data is particularly apparent for offshore marine 
environments. It is clear that the universality of thy- 
midine incorporation by actively growing bacteria 
studied should be determined before it can be assumed 
that the incorporation rates measured are representa- 
tive of all growing cells. Our results suggest that, at 
least in certain environments, thymidine-based bac- 
terial production data may be representative of only a 
subpopulation of the total active bacteria. 
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