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Metabolism of macrozooplankton and bacterioplankton was measured in situ between 
the sediment and 100m above the bottom in the Panama Basin at a depth of 3 850m 
using the submersible "Alvin". Mixed macrozooplankton were collected at depths of 
1, 5, 10, 20, and 50m altitude with a 4-chambered slurp gun respirometer on 4 dives 
and incubated in situ for one day with continuous measurements of oxygen consump
tion. Bacterioplankton samples were collected at seven depths (0.5, 1, 5, 10, 20, 50, 
and lOOm altitude) vdth a 4-syringe array, inoculated with 3H-glutamic acid, incubated 
for four hours at the depth of collection and poisoned prior to recovery. Although 
respiration of macrozooplankton per m3 generally decreased with increasing distance 
above the bottom, the correlation was not statistically significant (p>0.05). Utilization 
rates of glutamic acid, as a measure of bacterial respiration and incorporation, were 
highest at 0.5 m and decreased an order of magnitude at one meter above the 
bottom with no significant correlation between utilization and altitude (p>0.05). 
Macrozooplankton respiration rate, integrated over 50 m was 111 ul 0 2 m- 2d -t or 
equivalent to 0.05 mg Cm- 2d -•. Bacterioplankton respiration estimated from glutamic 
acid uptake rates and extrapolated to total dissolved free amino acid (TDFAA) uptake 
was equivalent to 0.30mgCm- 2d- 1 when integrated over the 50m water column of 
the benthic boundary layer (BBL), six times greater than the macrozooplankton 
respiration. Respiration rates of macrozooplankton (0.05 mg Cm- 2d -l) combined 
with incorporation+ respiration rates for bacterioplankton ( 1.25 mg Cm- 2

- 1) account 
for 11% of the estimated input of organic carbon to the BBL in the fall 
( 11.5 mg Cm-2d -l) and reveal the importance of the plankton in carbon cycling in 
the BBL at abyssal depth. 

Oceanol. Acta, 1986, 9, 1, 47-55. 

Métabolisme du zooplancton et du bactérioplancton dans la couche 
au-dessus de l'interface avec le benthos abyssal 

Le métabolisme du macrozooplancton et celui du bactérioplancton ont été mesurés in 
situ entre le sédiment et 100m au-dessus du fond (3 850m) dans le bassion de Panama. 
Un mélange de macrozooplancton a été prélevé au cours de quatre plongées du 
submersible Alvin à 1, 5, 10, 20 et 50m au-dessus du fond avec un aspirateur à quatre 
chambres. Les échantillons ont été incubés in situ pendant une journée, avec mesure 
en continu de la consommation d'oxygène. Les échantillons de bactérioplancton ont 
été prélevés à 0,5, 1, 5, 10, 20, 50 et lOOm au-dessus du fond avec une batterie de 
quatre seringues, inoculés à l'acide glutamique et incubés pendant 4 heures à la 
profondeur de prélèvement. Bien que la respiration du macrozooplancton par mètre 
cube décroisse en général lorsque la distance au fond augmente, la corrélation n'est 
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pas significative (p>0,05). Le taux d'utilisation de l'acide glutamique comme indicateur 
de la respiration et de l'assimilation bactérienne est maximal à 0,5 rn et se réduit au 
1/10 à 1 rn au-dessus du fond, sans corrélation significative entre l'utilisation et 
l'altitude (p>0,05). Le taux de respiration intégré sur 50m est de 111Jll02 m- 2r 1, 

équivalent à 0,05 mg C rn- 2r 1• La respiration du bactérioplancton, estimée par les 
taux d'assimilation de l'acide glutamique extrapolés à la quantité totale des acides 
aminés libres dissous est égale à 0,03 mg C rn- 2r 1, après intégration sur une colonne 
d'eau de 50 rn dans la couche d'interface benthique BBL (benthic boundary layer). Le 
taux de respiration du bactérioplancton est donc six fois plus grand que celui du 
macrozooplancton. Le taux de respiration du macrozooplancton (0,05mgCm - 2r 1

), 

combiné avec le taux d'incorporation et le taux de respiration du bactérioplancton 
(1,25mgcm- 2r 1

) s'élève à 11% de la production de matière organique dans la BBL 
en automne (11,5mgCm- 2j- 1). Ces résultats montrent l'importance du plancton dans 
le recyclage du carbone dans la couche à l'interface avec le benthos abyssal. 

Oceanol. Acta, 1986, 9, 1, 47-55. 

INTRODUCTION 

The mixed layer associated with the deep-sea floor is 
biologically enriched compared to the overlying water 
column. Plankton biomass increases in the bottom 
mixed layer and the benthic boundary layer (BBL) at 
bathyal and abyssal depths (Karl et al., 1976; Wishner, 
1980b). Smith (1982) estimated that this BBL plankton 
was an energetically important component of the BBL 
community with food energy demands equivalent to 
that of the sediment community at a bathyal station. 
In partitioning the BBL plankton by size, Smith estima
ted that the bacterioplankton had the highest energy 
demands. 
To examine the energetic importance of the BBL plank
ton at greater depths, we measured in situ the metabo
lism of the macrozooplankton and bacterioplankton at 
an abyssal station in the Panama Basin in the fall of 
1981. These measurements were designed to test two 
hypotheses: l) plankton metabolismfm3 significantly 
decreases with increasing distance above the bottom 
( p < 0.05); and 2) metabolic rates fm 3 of the bacterioplank
ton component of the BBL plankton are significantly 
higher (p <O. 05) th an tho se of the macrozooplankton. 

AREA OF INVESTIGATION 

A Panama Basin study site was selected in the trough at 
the base of the Coiba Ridge (5°20'N, 81°55'W; 3 850m 
depth) where extensive investigations of the water 
column and sediments have been made. Productivity 
of the surface water overlying this basin is influenced 
by strong seasonal upwelling activity to the north and 
east in winter and spring (Forsbergh, 1969) and by 
deep mixing due to storms in fall (Bishop, Marra, 
1984). Mean primary productivity over the basin is 
estimated at 261 mg C rn- 2d- 1, with a range of 163 to 
528mgcm- 2d- 1 (Bishop, Marra, 1984). Correlated 
with the seasonal changes in primary production, there 
are seasonal pulses in particulate organic matter 
(POM) flux at this site. Particulate organic carbon 
(POC) fluxes to the bottom are highest in spring and 
summer with peaks up to 23.1 mg C rn- 2d- 1 (Honjo, 
1982), fluxes which are considerably higher than those 

48 

measured at other open ocean stations not influenced 
by upwelling (Honjo et al., 1982 a). 
An extensive nepheloid layer existed from 900 rn to 
the bottom where particle concentration increased with 
depth (Gardner et al., 1984). These authors attributed 
this thick layer to resuspension and advection of mate
rial from the basin walls. This material is believed to 
be largely lithogenic in composition (Honjo et al., 
1982 b). The bottom water cornes north from the Peru 
Basin via the Ecuador Trench (Lonsdale, 1977) and 
flows westward through the study site with a mean 
velocity of 0.5cm s - 1 (Gardner et al., 1984). The sedi
ments in the Panama Basin are a silty clay (van Andel, 
1973) with an organic carbon content of 1. 7% (Honjo 
et al., 1982 a). 

METHODS 

A series of nine dives were made with the submersible 
DSR V "Alvin" (dives 1135 - 1143) from 24 September 
to 3 October, 1981 in the Panama Basin to characterize 
the habitat of the benthic boundary layer and measure 
in situ the metabolism of the macrozooplankton and 
bacterioplankton. Sample collection and measurements 
were made at 6 arbitrarily selected distances above the 
bottom (1, 5, 10, 20, 50, lOOm). In addition, bacterio
plankton were sampled at 0.5 rn above the sediment
water interface. 

Chemical characterization of environment 

Dissolved nutrients and concentrations of POM were 
measured on water samples taken with 2 and 5 1 Niskin 
botties attached to "Alvin" and tri pp led by the manipu
lator arm at the desired depths on each of 9 dives. The 
elapsed time between collection and recovery on the 
support ship was 2 hours. 
Immediate shipboard analyses of inorganic nitrogenous 
nutrients and dissolved oxygen were performed on 
subsamples form the 2 1 Niskin botties. Ammonium 
and nitrite were analyzed using the methodology of 
Strickland and Parsons (1972) on quadruplicate 5ml 
samples. Nitrate analysis was conducted with the 
copper-coated cadmium wire methods (Gardner et al., 
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1976) on quadruplicate 2ml samples. Oxygen content 
was determined on duplicate samples using the modi
fied Winkler method (Carpenter, 1965). 
Organic matter analyses were performed on the water 
collected in 5 1 Niskin botties and included both dissol
ved and particulate fractions. The Niskins were washed 
thoroughly with residue-free laboratory detergent, rin
sed with distilled water and enclosed in plastic bags 
before each deployment. For the determination of dis
solved free amino acids, duplicate subsamples of 25 ml 
were collected; one was filtered (BioRad unipore poty
carbonate filters, 0.2 J.lm pore size, pre-rinsed with 
100ml water distilled from an acidic persulfate solution 
in a glass still) under a pressure of 8 psi white the other 
was unfiltered. Both filtered and unfiltered samples 
were placed in ignited glass prescription botties and 
frozen at -20"C for later transfer to a -70"C freezer 
ashore. These samples were then thawed within one 
month of collection and analyzed for dissolved free 
amino acids following the procedure of Lindroth and 
Mopper (1979). The remaining water from the 51 sam
piers ( 4.51iters) was filtered on board ship through 
precombusted GF/C filters and the filters frozen for 
later analyses of POC and total nitrogen (Sharp, 1974) 
using a Perkin-Elmer model 240-C CHN analyzer. 

Macrozooplankton 

Macrozooplankton were collected, concentrated, and 
the oxygen consumption rates measured using a 4-cham
bered slurp gun respirometer (SGR) mounted on., Alvi
n". This instrument is fully described by Smith (1982) 
and Smith and Baldwin (1983). Macrozooplankton 
were collected on four dives (1136, 1138, 1141, 1143). 
The SGR pump was activated at the six discrete sam
pling depths and mixed macrozooplankton from volu
mes of 3.18 to 4.24m3 were concentrated behind a 
297 J.lm mesh screen in each cham ber white ., Alvin" 
traversed the study site at 18-21 cm s -• for approxima
tely one hour. Once the first chamber was filled in this 
manner, the valves were closed and the other two 
chambers were filled sequentially at other altitudes. The 
fourth chamber served as a control without macrozoo
plankton and was filled at a depth intermediate to the 
sampling depths for that particular dive. When ali the 
chambers were filled and sealed, the SGR was tethered 
by., Alvin" to a free vehicle mooring tine, released from 
the submersible, and allowed to incuba te 22.5 to 26.0 h 
at the intermediate depth. During the incubation, the 
dissolved oxygen tension in each chamber was monito
red continuously with a polarographic oxygen sensor 
(Smith, Baldwin, 1983). Dissolved oxygen tensions in 
each cham ber over the period of incubation were never 
depleted more than 5.9% of the initial tension which 
ranged from 7.59 to 8.03 kPa. After incubation, the 
mooring tine was acoustically released from the bottom 
and recovered by the support ship. The contents of 
each SGR chamber were immediately removed and 
frozen at - 20°C for transfer to a - 700C freezer and 
analyses in the laboratory. The two attempted measure
ments of macrozooplankton respiration at 100m failed 
due to incomplete chamber closure and the samples 
were discarded. 
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In the laboratory, the plankton were identified to major 
taxa, weighed, lyophilized at - 50°C, and reweighed. 
Weight specifie rates of oxygen consumption were calcu
lated from continuous recordings of the voltage outputs 
from each oxygen sensor and corrected for drift and 
pressure effects. Oxygen consumption was undetectable 
in the controls on each dive. 

Bacterioplankton 

Bacterial utilization of organic substrates consists of 1) 
substrate incorporation into cellular materials; 
2) substrate respiration, or oxidation, to the final pro
ducts of carbon dioxide and water; and 3) excretion of 
intermediates. When 3H-labeled compounds are emplo
yed, the measurement of 3H20 may be used as an 
estimate of respiration (Carlucci et al., 1984, and refe
rences therein). Although 3H20 may also be produced 
in metabotic processes other than respiration (Karl, in 
press), comparisons of respiration using 3H-glucose and 
14C-glucose with plankton samples differed by only 
10% (Kuparinen, Tamminen, 1982). We therefore will 
refer to 3H20 production as respiration. 
Bacterioplankton were collected using a syringe sam
pling array manipulated by ., Alvin" at 7 sampting 
depths. This array consisted of 4-SOml syringes (Plasti
pak) with 18 gauge needles mounted in two parallel 
banks in an aluminum rack. The two facing banks of 
syringes were held in a cocked position with the syringe 
plungers secured to the top plate and the syringe barrels 
held in a closed position against the plunger by a 
spring-loaded arm. A similar deviee for single syringe 
withdrawal sampling was described by Smith and 
Baldwin (1983). Upon initial release of the spring
loaded arm by the ., Alvin" manipula tor, the syringe 
barrels were driven down, filling each syringe with 
47.5 ml of ambient water. At this stage the barrels were 
held by a second spring-loaded arm which prevented 
complete filling to 50 ml and the needles from penetra
ting stoppered botties containing formalin under each 
syringe. After incubation the second arm was released 
by the., Alvin" manipulator which allowed ali the syrin
ges to take up 2.5 ml of formalin and poison each 
syringe sample prior to surfacing. Final formalin 
concentration in each syringe was 5 %. As a control, 
one syringe was poisoned with the 2.5 ml of formalin 
during the initial filling at depth. 
Immediately prior to each deployment, the sterile syrin
ges were inoculated with 3 uCi of 3H-glutamic acid 
([3, 4- 3H] -label, 42 Ci mmol- 1, New England 
Nuclear, Boston, MA). This amount of added glutamic 
acid is equivalent to · 1.4nM for a 50 ml syringe 
(ambient glutamic acid concentration ranged from 
1.9-7.0nM). The syringe sampling array was mounted 
on Alvin and filled with ambient water at the desired 
depth on 7 dives ( # 1135-1138, 1140-1142). After fil
ling, ·the array was attached to a mooring line and 
incubated for 4 h at the collection depth. The second 
release was then activated, poisoning the samples with 
formalin, and the entire array was detached from the 
mooring tine and returned to the surface. Immediately 
after recovery, the syringes were removed from the 
array and held at 2°C during the following analysis. 
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For the measurement of glutamic acid incorporation, 
40ml from each syringe was filtered through a millipore 
filter (PH, 0.3 ~rn pore diameter) under low vacuum. 
Filter edges were carefully rinsed, and each filter was 
placed in a glass scintillation vial and frozen. Filtrates 

'were frozen for subsequent measurement of 3H20. The 
remaining 10ml of sample in each syringe was placed 
in a clean vial and stored for subsequent determination 
of bacterial abundances by epifluorescent microscopy. 
In the laboratory, 8 ml Betaphase (WestChem, San 
Diego) was added to each of the scintillation vials 
containing filtered particulates and radioactivity was 
measured in a Beckman LS lOOC scintillation counter, 
using externat standard ratios to correct for quenching. 
Aliquots of the filtrates were vacuum-evaporated and 
3H20 was measured in the condensates. Incorporation 
(particulate) and respiration (filtrate) were normalized 
to the recovery of added isotope for each incubation. 
Calculations of substrate specifie activity and utilization 
were made as described by Carlucci et al. (1984). 
Bacterial abundances were determined with acridine 
orange epifluorescence microscopy (Hobbie et al., 
1977), following the modifications detailed by Carlucci 
et al. (1984). A minimum of 20fields or 300cells were 
counted for each sample replicate. 
The measure of correlation between altitude and ahun
dance, biomass, and oxygen consumption for the macro
zooplankton and abundance, incorporation, and utiliza
tion rates of 3H-glutamic acid for the bacterioplankton 
was determined using the Spearman rank test with 
p=0.05 (Siegel, 1956). The Mann-Whitney U Test 
(Tate, Clelland, 1957) was used to compare data sets 
from 2 areas and to compare macrozooplankton and 
bacterioplankton respiration in the Panama Basin. 

RESULTS 

Chemical characterization of environment 

Most parameters measured at the study site were relati
vely constant up to 100 rn above the bottom, with the 

Table 1 

exception of total dissolved free amino acids (TDFAA), 
particulate organic carbon (POC) and particulate orga
nic nitrogen (PON; Tab. 1). 
The concentration of unfiltered TD F AA revealed consi
derable variation with no trend related to altitude (Tab. 
1). Filtered samples were erratic and generally higher 
than the unfiltered samples which may have resulted 
from variable ·release of amino acids from the particu
late material (Liebezeit et al., 1980; Mopper, Lindroth, 
1982; Fuhrman, 1984) abundant in ali of the samples. 
We have used unfiltered TDFAA concentrations in our 
data analyses because these are most comparable with 
our bacterial uptake experiments which used unfiltered 
ambient water in the syringes and because of the erratic 
nature of the filtered data. 
Quantitatively, the most important amino acids were 
serine and glycine+ threonine, each of which comprised 
about 25% of the TDFAA. Of lesser importance were 
alanine and valine which constituted 12 and 8% respec
tively of the total amino acid composition over ali 
depths. The proportions of each of these dominant 
amino acids and glutamic acid changed little with dis
tance above the bottom. 
POC and total nitrogen concentrations peaked at tOm 
with an order of magnitude decrease above and below 
this altitude (Tab. 1). In contrast, TDFAA concentra
tions were low at tOm above the bottom. The C: N 
ratio was highest at 1 rn and lowest at 20 rn above the 
bottom (Tab. 1). 

Macrozooplankton 

Copepods were the numericaliy and gravimetrically 
dominant taxa collected. They occurred at ali sampling 
depths at densities of 10-40 individuals m- 3

; x= 19±9, 
n= 10. The other 3 dominant taxa (isopods, ostracods 
and polychaetes) were collected less frequently and were 
most prevalent near the bottom. 
Although abundance of mixed macrozooplankton gene
rail y decreased with increasing distance above the bot
tom up to 20 rn, a local maximum occurred at 50 rn 

Benthic boundary layer of Panama Basin: chemical characterization at seven altitudes from 0.5 to JOOm. TDFAA=total dissolved free amino 
acids, POM=particulate organic matter. The detection limits of the nitrite and ammonium assays were 0.01 and 0.1 J.!M respectively (N.D.=not 
determined). 

Altitude Dissolved TDF POM 
above AA J.lg liter- 1 

bottom (rn) nmol 
Temp. •c 02 NOj" NOî NH; liter- 1 Carbon Nitrogen Total 

J.IM J.!M J.IM J.IM Unfiltered C:N 

0.5 N.D. N.D. N.D. N.D. N.D. 134.3 N.D. N.D. 
1 1.8 113.8 37.31 <0.01 <0.1 120.9 43.0 1.0 43.0 

± 2.2 ± 1.25 ± 2.6 ± 0.1 
s 1.8 116.5 31.38 <0.01 <0.1 147.9 50.0 5.0 10.0 

± 2.7 ± 0.27 ± 3.4 ± 0.5 
10 1.8 116.5 36.38 <0.01 <0.1 62.6 240.0 20.0 12.0 

± 1.8 ± 2.40 ± 50.0 ± 20.0 
20 1.8 115.6 40.42 <0.01 <0.1 154.2 27.0 8.0 3.4 

± 2.2 ± 0.55 ± 5.1 ± 0.9 
50 1.8 115.6 38.59 <0.01 <0.1 92.1 31.0 3.4 9.1 

± 2.2 ± 0.41 ± 2.7 ± 1.4 
100 1.8 116.1 35.68 0.21 <0.1 25.2 N.D. N.D. 

± 1.8 ± 2.24 

50 
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Table 2 
Abundance, biomass and oxygen consumption rates of macrozooplankton collected with the SGR at five altitudes above the bottom in the Panama 
Basin (macrozooplankton ~297 Jllii). Numbers in parentheses for sample 1141-B represent values corrected for weight of one decapod (see text 
for explanation). 

Sample Altitude Vol. No. Macrozooplankton 0 2 Consumption 
above bottom sam pied Animais 
(rn) (m3) (m-3) Biomass (mg.m- 3) (Ill 02 . d- 1) 

(m-3) wet wt dry wt 

1136-D 1 3.18 42.6 13.54 2.04 
1138-D 1 4.17 23.0 8.11 1.06 
1143-D 1 4.24 29.2 14.14 1.81 
1138-C 5 4.24 18.6 4.42 0.79 
1136-C 10 3.11 19.0 8.80 1.44 
1138-B 10 4.24 10.4 5.95 0.88 
1141-C 20 4.24 15.3 12.91 2.43 
1141-D 20 4.24 10.9 4.30 0.67 
1141-B 50 4.24 30.7 28.81 3.92 

(30.4) (3.08) (0.53) 
1143-C 50 4.24 19.3 2.45 0.44 

(Tab. 2). Thus, there was no significant correlation 
between altitude and abundance (P.os=O.S6, r.=0.26). 
A clearer trend occurred in biomass. Wet and dry 
weight biomass were significantly correlated with dis
tance above the bottom and decreased with increasing 
altitude if the one large decapod from 1141-B chamber 
at 50m is deleted (Tab. 2) (p_05 =0.56, r.=-0.70; 
r.= -O.S7, respectively). The dominant taxa, copepods, 
decreased in size at SOm contributing to the observed 
reversai between abundance and biomass at the upper 
sampling depth. 

Wet weight specifie oxygen consumption rates of the 
plankton revealed no significant correlation with alti
tude (p_05 =0.S6, r.= -0.33) and ranged from 0.24 to 
0.48 ul 0 2 mg wet wt - 1 d - 1 (Ta b. 2). Dry weight speci
fie oxygen consumption was also relatively consistent 
in magnitude, l.S9 to 2.89ul02 mg dry wt- 1 d- 1

• 

Oxygen consumption of the macrozooplankton per m3 

exhibited no correlation with distance above the bottom 
(P.os =0.S6, r,= -0.1S) (Tab. 2). However, if the measu
rement from chamber 1141-B at SOm which contained 
the large decapod was deleted from analysis, there 
was a general, although not a statistically significant, 
decrease in oxygen consumption rate with increasing 
distance above the bottom (p_05 =0.60, r.= -O.S8; 
Tab. 2). 

Table 3 

% water (mg wet wt- 1) (mg dry wC 1) 

84.9 0.24 1.59 3.25 
86.9 0.28 2.14 2.27 
87.2 0.37 2.89 5.23 
82.1 0.48 2.67 2.12 
83.6 0.36 2.18 3.13 
85.2 0.37 2.51 2.20 
81.2 0.33 1.75 4.26 
84.4 0.33 2.10 1.42 
86.4 0.26 1.91 7.49 

82.0 0.42 2.35 1.03 

Bacterioplankton 

Both free-living and attached cells comprised the BBL 
bacterial population (bacterioplankton), with attached 
forms being more prevalent doser to the sediment 
where increased numbers of particles of largely amor
phous detritus occurred. The dominant free-living bacte
ria were small cocci; Jess abundant were vibrios and 
spirilli. Attached bacteria were predominantly cocci of 
larger size than the free-living cells. We have included 
both free-Iiving and attached bacteria in the category 
of bacterioplankton, since the two populations were 
incubated and analyzed as a single group. 
Bacterioplankton abundance was negatively correlated 
with distance above the bottom (p_01 =0.94, 
r.= -0.94), decreasing with increased altitude from 1 
to lOOm (Tab. 3). After a slight but insignificant 
increase (p>O.OS) in cell number between O.S and 1 rn 
altitude, abundance decreased precipitously from 1 to 
tOm then leveled off up to lOOm altitude above the 
bottom. · 

Incorporation of 3H-glutamic acid by bacteria was 
nearly an arder of magnitude higher at O.S rn than at 
ali other sampling depths above the interface (Tab. 3). 
There was no significant correlation between incorpora
tion rate and distance above the bottom (P.os = 0.83, 
r8 = -0.36). 

Bacterioplankton abundance and glutamic acid incorporation and utilization at seven altitudes above the bottom in the Panama Basin. Samples for 
glutamic acid uptake analysis from 20 m were contaminated and are not given. Glutamic acid incorporation and utilization presented with mean and 
st. dev. (C.S. =contaminated sample). 

Dive Altitude Bacteria Ambient Glutamic acid Glutamic acid Glutamic acid 
above x 1010 m- 3 glutamic acid incorporation utilization Turnover time 
bottom (rn) conc. unfiltered n mol m- 3 day- 1 d) 

(nM) Specifie rate n Total rate 
(n mol x w- 9 cen-t d-1) (n mole m- 3 d- 1) 

1142 0.5 7.46 7.0 130.8 2.31 1 172.1 41 
1135 1 8.00 3.0 8.8 0.15 3 11.6 258 

± 4.6 ± 6.0 
1136 5 5.00 3.4 15.8 0.42 1 20.8 164 
1137 10 3.71 3.0 12.1 0.43 2 15.9 189 

± .3 ± .4 
1138 20 c.s. 5.9 c.s. c.s. c.s. c.s. 
1140 50 3.56 6.9 23.6 0.87 2 31.1 . 222 

± 3.9 ± 5.3 
1141 100 3.48 1.9 8.8 0.33 3 11.6 164 

± 2.0 ± 2.6 

51 
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Due to malfunction of the evaporating apparatus, we 
measured 3H20 production (respiration) only on the 
O.Sm sample. Respiration for the O.Sm population 
of bacteria accounted for 24% of 3H-glutamic acid 
utilization. This value is in reasonable agreement with 
a mean 30.8% respiration for bacteria found in other 
deep-sea nepheloid-layer environments (n =20; Carlucci 
et al., unpublished data). We have therefore used the 
0.5 rn respiration percentage for our calculations, as 
it gives a conservative estimate of bacterioplankton 
respiration. 
The calculated utilization (incorporation+ respiration) 
of glutamic acid by bacterioplankton was highest at 
0.5 rn and decreased an order of magnitude at 1 rn 
above the bottom (Tab. 3). A minor secondary peak 
in uptake rate occurred at 50 rn above the bottom. 
There was no significant correlation between utilization 
rate and distance above the bottom (P.os =0.83, 
r8 = -0.36). Rates of utilization per bacterial cell (speci
fie rate) mirrored the total utilization rates with dis
tance above the bottom. 
Calculated glutamic acid turnover time was approxima
tel y five times shorter at O.Sm (41 h) compared to ali 
other depths sampled (163 - 258 h; Tab. 3). There 
was no correlation between turnover time and distance 
above the bottom (P.os=0.83, r.=0.19). 

DISCUSSION 

Macrozooplankton 

Copepods were the dominant taxa in the BBL of the 
Panama Basin as weil as in other BBL studies of 
deep-sea plankton from a wide variety of areas 
(Wishner, 1980 a; Smith, 1982; 1985). Abundance of 
mixed macrozooplankton of the BBL in the Panama 
Basin (Tab. 2) falls within the range reported by Smith 
( 1982) for the Santa Catalina Basin BBL ( 1 300 rn; 1 -
36 animais rn- 3

) but an order of magnitude lower than 
those reported for a deep-sea hydrothermal vent area 
(2615m) at 21°N on the East Pacifie Rise (149- 920 
animais m- 3

; Smith, 1985) using the same methodo
logy. Macrozooplankton biomass measured in the 
Panama Basin (Tab. 2) is lower than that reported in 
the Santa Catalina Basin (44.6- 261.8mg wet wtm- 3

) 

(Smith, 1982) but within the range of estimates made 
for deep-sea plankton between 1 000 and 4 000 rn depth 
using a variety of methods (0.07 - 40mg wet wtm- 3

; 

summarized by Wishner, 1980b). 
Decrease in abundance of macrozooplankton with 
increased distance above the bottom in the Panama 
Basin agrees with previous findings of Smith (1982) to 
an altitude of 20m. However, Smith recorded a conti
oued decrease in abundance at SOm whereas we found 
an increase at the same altitude. Smith (1982) stressed 
that the volume of water sampled in collections made 
with the SGR is small compared to those gathered with 
towed nets (Wishner, 1980a; 1980b). Given the known 
patchiness of surface-water zooplankton, our estimates 
of abundance may not be representative of the true 
values. 
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The trend of decreasing wet and dry weight biomass 
(corrected for weight of one decapod - see results) 
with increased altitude up to SOm in the Panama Basin 
is similar to that reported by Smith (1982) over the 
same distance above the bottom for the 1 300 rn Santa 
Catalina Basin. 
Oxygen consumption rates of the Panama Basin plank
ton fall within the range of values previously measured 
for mixed macrozooplankton over a wide range of 
temperatures using a variety of methods. Dry weight 
specifie oxygen consumption rates (Tab. 2) are of com
parable magnitude to those measured for BBL plank
ton at 1300m (Smith, 1982; 1.44 - 3.16J.Ll02 mg dry 
weC 1d - 1) and for hydrothermal vent plankton rates 
measured within one meter of the bottom at 2 615 rn 
(Smith, 1985; 1.68 - 4.26J.Ll02 mg dry wC 1d- 1) using 
the same methodology. 
Oxygen consumption rates/m3 for the BBL plankton 
of the Panama Basin overlap with values measured for 
mixed macrozooplankton collected in a non-vent area 
on the East Pacifie Rise at 21°N (Smith, 1985; 4.3 -
7.5 J.Ll 0 2 rn - 3d - 1) and are comparable to those estima
ted at a mean depth of 2 500 rn in midwater using the 
electron transport system method (King et al., 1978). 
There was a trend, although not a significant correla
tion, between oxygen consumption rates per m3 and 
altitude above the bottom in the Panama Basin, with 
the elimination of decapod sample 1141-B (Tab. 2), 
which generally conforms to previous studies of BBL 
plankton metabolism in the Santa Catalina Basin where 
a definitive pattern of decreasing rates with increased 
altitude was found (Smith, 1982). 

Bacterioplankton 

TDFAA concentrations were measured in the Panama 
Basin to determine ambient concentrations of glutamic 
acid available for bacterial utilization. Limited informa
tion is available in the literature for comparing our 
TDFAA results with other areas and includes both 
filtered and unfiltered concentrations which can differ 
by as much as a factor of 2 on subsamples from the 
same collection (Fuhrman, 1984; Williams, Carlucci, 
unpublished data). For unfiltered samples, Liebezeit et 
al. (1980) reported a concentration of about 
146 umoles rn- 3 for 6 major dissolved free amino acids 
at 65 rn and 64 umoles rn- 3 at 1 500 rn in the Sargasso 
Sea. Bottom water TDF AA concentrations grea ter 
than 100 umoles rn- 3 are reported only for unfiltered 
samples from the Baltic Sea (Mopper, Lindroth 1982). 
Lee and Bada (1975; 1977) measured filtered TDFAA 
concentrations of approxima tel y 20 umoles rn- 3 at 
4500m depth in the Sargasso Sea, and approximately 
20 umoles rn- 3 at 4500 rn depth in the Saragasso Sea, 
and approximately 40 umoles rn- 3 at 2700 rn depth in 
the equatorial Pacifie. Our unfiltered TDFAA concen
trations (25.2 - 154.2 umoles rn- 3

) are within the 
range of concentrations reported above for both filtered 
and unfiltered samples. 
We have compared the Panama Basin BBL bacterial 
abundance, TDF AA concentration, and utilization 
data to results obtained in two S. California Borderland 
Basins, San Pedro and Santa Monica (Carlucci et al., 
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Table 4 
Comparison of bacterioplankton abundance and g/utamic acid utilization in the Panama Basin and Southern Ca/ifornia Continental Border/and 
basins (San Pedro and Santa Monica Basins). *(Carlucci et al., unpublished data). 

Site Bacteria TDFAA % Glutamic Turnover 
x 1010m - 3 Jtmole m- 3 Glutamic A cid time 

a cid Utilization (d) 
ofTDFAA 

Specifie rate Total rate 
(nmole x w- 9 (nmole m- 3 d- 1) 
cen-l d- 1 

Panama Basin x 5.2 105.3 5.0 0.8 44 173 
(3750-3850 rn) range 3.5 - 8.0 25.2- 154.2 2.3 - 7.7 0.2- 2.3 12 - 172 41 - 258 

n 6 7 6 6 6 6 

S. California x 11.0 4.5 17.6 3.3 184 30 
Borderland Basins* range 3.7 - 29.0 1.4 - 15.0 7.3- 29.8 0.4- 10.2 48- 720 4 - 60 
(500-900 rn) n 16 12 12 9 9 9 

Table 5 
Estimated utilization of total dissolved free amino acid (TD F AA) and respiration of bacterioplankton based on measured glutamic acid utilization 
and the concentration of glutamic acid and TD F AA at five altitudes in the BBL of the Panama Basin. See text for explanation of computations. 

Altitude TDFAA % Glutarnic acid 
above J!ffiOle rn- 3 Glutamic acid utilization 
bottorn ofTDFAA nrnole rn- 3 d- 1 
(rn) 

0.5 134.0 5.2 172.1 
1 120.0 2.5 11.63 
5 148.0 2.3 '20.76 
10 62.7 4.8 15.86 
50 92.1 7.5 31.10 

unpublished; Tab. 4). Unfiltered TDFAA concentra
tions in the Panama Basin were 2 orders of magnitude 
higher (T = 21, p < 0.01) than those found in filtered sam
pies from the S. California Basins; comparable unfilte
red samples were not collected. However, bacterial 
abundance and specifie rate of glutamic acid utilization 
were not significantly different (T = 46 and T = 32, res
pectively, p > 0.05) between the two areas. The higher 
concentrations of TDFAA in the Panama Basin contri
bute to the significantly longer turnover times (T = 24, 
p <O. 01) wh en compared to the Calif ornia basins. 

Hypotheses 

The purpose of our study was to test two hypotheses 
in an attempt to better define the energetic importance 
of plankton in the BBL community of the Panama 
Basin: 1) plankton metabolismjm3 significantly 
decreases with increasing distance above the bottom 
(p<0.05); and 2) metabolic rates of the bacterioplank
tonjm 3 are significantly higher ( p <O. 05) than tho se of the 
macrozooplankton. There is no significant correlation 
(p>0.05) between macrozooplankton or bacterioplank
ton metabolism and distance above the bottom in the 
Panama Basin. Hence, we can reject the first hypothe
sis. For comparison, a Spearman rank test was applied 
to the data of Smith (1982) on mixed macrozooplank
ton oxygen consumption at four distances above the 
bottom ( 1 - 50 m) in the Santa Catalina Basin. There 
was a significant negative correlation (p < 0.05) between 
macrozooplankton oxygen consumption and altitude. 
This contrasts our findings in the Panama Basin where 
neither mixed macrozooplankton, bacterioplankton or 
the combined metabolism revealed any significant corre-
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TDF AA utilization Respiration 
(rn-3 d-1) (rn-3d-l) 

Jtrnole Joules Carbon J!ffiole Joules Carbon 
j!g j!g 

3.31 5.15 174.8 0.79 1.23 41.7 
0.47 0.73 24.8 0.11 0.17 5.8 
0.90 1.40 47.5 0.22 0.34 11.6 
0.33 0.51 17.4 0.08 0.12 4.2 
0.41 0.64 21.6 0.10 0.15 5.3 

lation (p>0.05) with distance above the bottom up to 
50m and the rates are considerably lower. To address 
the second hypothesis concerning the comparative meta
bolic importance of the macrozooplankton and bacte
rioplankton, we integrated respiration ratesfm3 over a 
SOm water column of the BBL. Macrozooplankton 
respiration was 111 J.Ll 0 2 rn- 2d -t which is equivalent 
to 2.22Jm- 2 d- 1 or 0.05mgcm- 2d- 1 assuming a res
piratory quotient (RQ) of 0.80 and is an order of 
magnitude lower than a similar estimate from the 50 m 
BBL in the Santa Catalina Basin (Smith, 1982). 
Bacterioplankton respiration was estimated from gluta
mic acid utilization rates at 0.5 m and for the four 
altitudes successfully examined for both plankton com
ponents (Tab. 5). This was done by calculating the 
percent of TDFAA (Tab. 1) represented by glutamic 
acid at each altitude and, given the rate of glutamic 
acid utilization (Tab. 3), estimating the utilization rate 
of TDF AA (Carlucci et al., 1984). In these calculations 
we assume that the bacterioplankton utilize ali the 
TDFAA similarly (Carlucci et al., 1984; Dawson, 
Gocke, 1978; Williams et al., 1976). In addition, Fergu
son and Sunda (1984) found a 1: 1 relationship between 
turnover rates of a mixture of 15 amino acids and 
glutamic acid indicating that the average turnover rate 
for seawater amino acids may be similar to that of 
glutamic acid. These utilization rates of TDF AA were 
converted: 1) to energy units using a composition value 
of 1 554.5 kJ mole -t calculated from standard beats of 
combustion for the major amino acid components of 
the TDF AA; and 2) to organic carbon assuming 
4.4 umoles C per umole TDF AA and 12 J.L8 C per umole 
C (Tab. 5; Henrichs, Williams, 1985; Carlucci et al., 
1984). 
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These bacterioplankton rates were then integrated over 
the 50m water column yielding a total utilization rate 
of TDFAA of 36.79Jm- 2 d- 1 (1.25mgCm- 2d- 1) 

with a component respiration rate of 8.84Jm- 2d::" 1 

(0.30mgCm- 2d- 1
). The integrated respiration rates 

for the bacterioplankton were an order of magnitude 
higher than for the macrozooplankton with the bacterio
plankton respiration being an underestimate since the 
uptake of other substrates such as sugars were not 
measured. In addition, estimated rates of bacterioplank
ton respiration were significantly higher (p<0.05) than 
mean macrozooplankton respiration at comparable alti
tudes. Based on the above estimates, we can accept our 
second hypothesis that bacterioplankton respiration is 
significantly higher than macrozooplankton respiration 
in the 50m water column of the BBL. Smith (1982) 
estimated a total bacterial carbon utilization of 
30.1 mgcm- 2d- 1 for the BBL in Santa Catalina 
Basin. Since TD F AA represents < 5% of the total dissol
ved organic carbon in the sea ( usually < 1 % of total; 
Crawford et al., 1974; Lee, Bada 1977), our Panama 
Basin TDF AA utilization rates suggest a dissolved orga
nic carbon utilization rate of 25 mg C rn- 2d -l for the 
BBL bacterioplankton, assuming ali dissolved organic 
carbon is labile and utilizable. 
Respiration rates for the macrozooplankton and bacte
rioplankton combined are 0.35 mg C rn- 2d -l which 
amounts to 3% of the particulate organic carbon flux 
(11.5mgcm- 2 d- 1) measured in the basin at 3560m 
in the fall (Honjo, 1982). In the bacterioplankton, respi
ration accounts for a portion of the energy required 
and assimilation accounts for the majority of substrate 
utilization. We have no estimate of the energetic costs 
of growth in the macrozooplankton but even if it was 
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equal to the respiration demand, it would not make 
an appreciable contribution compared to that of the 
bacterioplankton. Hence, if we disregard the growth 
component for the macrozooplankton, the combined 
utilization rate for the bacterioplankton (respira
tion+ incorporation) and respiration rate for the macro
zooplankton is 1.30mgcm- 2d- 1 or 11% of the parti
culate organic carbon flux to the BBL in the Panama 
Basin. In such comparisons, we are assuming that the 
primary source of the non-refractory or utilizable car
bon input to the BBL organisms in dissolved or particu
late form is derived from particulate organic carbon. 
Bottom advection and chemolithotrophic production 
within the BBL cannat be discounted (Karl et al., 
1984). We have also excluded other components of 
the BBL plankton in our calculations which may be 
important in estimating the energetic demands of the 
plankton and these include the organisms smaller than 
the macrozooplankton and larger than the bacterio
plankton. No estimates of the importance of these 
organisms in the BBL have been made. 
Our studies show that the plankton and especially the 
bacterioplankton are an important energetic compo
nent of the BBL community at abyssal depths and 
must be considered when modeling carbon and energy 
flow in the deep sea. 
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The 18th International Liège Colloquium on Ocean Hydrodynamics will be held in Liège 
University, May 5-9, 1986, on the subject "Three-dimensional models of marine and estuarine 
dynamics". 

The Colloquium will be devoted to the presentation, by eminent experts, of recent three
dimensional hydrodynamic models, to the critical survey of appropriate numerical methods and 
to the discussion of applications and case studies. 

Without excluding a limited number of contributions on global models, applicable to general 
planetary ocean circulation and climate studies (which were the subject of the 16th Liège 
Colloquium), the emphasis will be laid on regional models designed for specifie well-defined 
basins such as the North Atlantic, continental seas like the North Sea, the Mediterranean, ... , 
estuaries ... · 

Papers are welcome on mesoscale and macroscale general circulation models (tides, storm 
surges, residuals ... ) as weil as on local circulation models dealing with the formation and 
instabilities of fronts, coastal upwellings ... 

The Colloquium will be the occasion to compare and discuss respective approaches (multi
layer models, multi-mode models, vertical discretization, ... ), parameterization schemes (eddy 
viscosity, turbulent energy closure, ... ), mathematical and numerical techniques (finite differen
ces, fini te elements, ... ) and boundary conditions representations (in particular, open-sea boun
dary conditions). 

A special attention will be given to the representation," in 3-D general circulation models, 
of boundary layers such as the bottom and surface layers which play an essential role in such 
important problems as the erosion and transport of sediments, air-sea interactions and the final 
disposai of telluric pollution in the marine system. 
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