
June through July. Flux was minimal 
during December through January and 
very large during June through July at all 
depths (Fig. 2). The large flux of organic 
carbon during February through March 

Reports was subequal a t  all depths; 16.1 to 18.6 
mg m-2 day-'. This result indicates that 
most of the particulate organic carbon 
originating in the euphotic layer during 
the March productivity peak reaches the 
deep layer rapidly, a t  least within a 2- 

Seasonality and Interaction of Biogenic and Lithogenic month interval. The mass flux of other 
biogenic particles including planktonic 

Particulate Flux at the Panama Basin foraminifera1 tests, opaline shells, and 
fecal pellets showed maximum flux dur- 

Abstract. Time-series sediment traps were deployed for an entire year at three ing the same period. 
depths (890, 2590, and 3560 meters) at a deepbvriter station (3860 meters) in the The prominent mass flux maxima oc- 
Panama Basin. The amount ofhorizontal and l i thogenicp~~rt iculate  material urriving curred during June through July at  all 
at the three depths was seasonally pulsed and directly rejected changes in surface depths simultaneously, with the greatest 
primary production. Two spikes o f  organic j u x  were simultaneo~rsly recorded at all magnitude in the shallowest trap (Fig. 2). 
three depths: ( i )  a period o f  high productivity during regional lrpwelling in February The rate of particulate flux at 890 m 
through March and (ii) an  ~lnlrsual bloom o f  a .single species of coccolithophorid during this period was 1.7 g m-2 day-' ,  
during June through July. This latter spike delivered approximately 25 grams of which was unequaled by any other pri- 
coccolith per square meter of area at a depth of3860 mpters during less than 60 days. mary mass flux assessment in the deep 
The j14x  o f  lithogenic particles increased with increasing dopth and was seasoncrlly open sea. Carbonate accounted for 93 
correlated to  surface production and current direction, and not to  the detritus percent of the total mass flux at  890 m 
discharged in river pow.  The data suggest that s~rspended clays are eficiently and for 85 and 62 percent a t  2590 and 
scavenged from the water column by rapidly sinking organic aggregates. 3560 m, respectively. Nearly all the car- 

bonate at  all depths was in the form of a 
The flux of particulate matter to the series sediment traps was deployed at  single species of coccolithophorid, U m -  

deep ocean has recently stimulated inter- 890, 2590, and 3560 m below the surface hellicosphaera sihogae. During the other 
disciplinary interest ( I ) .  Although sedi- at a station in the Panama Bight (S022'N, time periods, U .  sihogae was a minor 
ment traps have been used in a number 85"35'W; 3860 m) from 3 December 1979 constituent of the living coccolitho- 
of studies to collect particles settling to 2 December 1980. The timing to start phorid community and of the flux. 
through the water column, very few data each collecting increment was accurately The sediment collected during June 
exist on the temporal and seasonal varia- synchronized. through July consisted of macro-aggre- 
tion in particulate flux, especially in deep There were two peaks of mass flux at gates (> 0.5 mm) composed of diversi- 
water (2, 3). How much organic matter all depths, February through March and fied biogenic particles and innumerable 
produced in the euphotic zone is trans- 
ported to the deep sea, and by what 
means? How do biogenic and lithogenic 
particles interact during settling? Some 
of these questions can be answered if a 
spike of particle input can be traced, 
over time, from the surface to deep wa- 
ter. 

I chose to investigate temporal varia- 
tions in particle flux to deep water in the 
Panama Bight. During January through 
March, while the Inter-Tropical Conver- 
gence Zone (ITCZ) moves to its most 
southerly location, northerly wind speed 
reaches its maximum over the Panama 
Isthmus, generating significant regional 
upwelling and a conspicuous peak of 
primary production over the northern 
bight. Water runoff from the western 
slopes of the Cordillera de 10s Andes and 
coastal plain along the bight increases 
sharply at  the beginning of April. These 
changes with defined pulses occur pre- 
dictably each year (Fig. 1) (4). 

Honjo et al. have developed sediment 
traps that can be used to collect settling 
particles in 2-month time increments (5). 
A mooring array with three such time- 

Month 

Fig. 1 .  Relation between monthly climate and ocean productivity criteria in the Panama Bight 
(4). The ITCZ position is along 8OoW. Forsbergh's estimations of monthly water runoff volume 
from the north watershed area with direct access to the bight (4) are given. The assessment 
station for organic carbon fixation was at approximately 7"N, 79"W, north of the mooring 
station. Zooplankton biomass was estimated from the entire bight. 
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clay particles, all cemented together in 
an organic mucus that was associated 
with U .  sibogae. Neither the direct 
cause nor the geographical extent o f  the 
coccolithophorid bloom (6)  i s  known at 
this time. During June through July, o f  
the 100 percent o f  U .  sibogae delivered 
at 890 m,  41 and 22 percent arrived at 
2590 and 3560 m ,  respectively. The de- 
crease of flux with depth may be due to a 
combination of horizontal diffusion and 
vertical settling o f  the coccolithophorid 
patch (3. A relatively strong easterly 
deep current at approximately 2000 m 
was recorded at the mooring site during 
the previous summer (3).  The areal ex- 
tent of  this coccolithophorid patch was 
probably relatively small compared to 
the entire area o f  the northern bight. In 
contrast, the February-March bloom 
provided quasi-equal fluxes o f  organic 
carbon at all depths, an indication that 
the high surface productivity associated 
with the regional upwelling during this 
period covered a major area o f  the north- 
ern bight. 

The sedimentation o f  mineral particles 
(clay, quartz, and feldspar particles) also 
showed seasonal variation but followed a 
pattern different from that o f  the biogen- 
ic flux ( F i g .  2). Lithogenic particles ac- 
counted for 2 to 15 percent o f  the total 
mass flux at 890 m but for 25 to 60 

percent at 3560 m. The absolute magni- 
tude of the lithogenic flux increased dra- 
matically with depth during all periods. 
During June through July, the flux o f  
mineral particles to 3560 m was 216 mg 
m-2 day-', seven times as large as the 
amount caught at 890 m. A large fraction 
of these excess lithogenic particles did 
not originate from the surface waters (8) .  

The majority o f  mineral particles con- 
sisted o f  beidellite (a smectite clay). Bei- 
dellite i s  found on the Pacific side of the 
continental slope o f f  Costa Rica, north- 
west o f  the mooring station (9 ) .  Fine 
lithogenic particles were probably resus- 
pended from the slope and laterally 
transported to the station by the westerly 
undercurrent (3). The coccolithophorid 
mucus probably plays a major role in the 
vertical transport o f  fine lithogenic parti- 
cles by scavenging and agglutinating 
them while they are settling through the 
water column. The sinking speed o f  ag- 
gregates would be accelerated by the 
increase in their density contrast with 
water caused by the addition of heavier 
lithogenic particles. These factors would 
give rise to the higher lithogenic flux in 
deeper traps, particularly during the pe- 
riod in which a large quantity o f  mucus i s  
available. A similar depthward increase 
o f  lithogenic particle flux collected dur- 
ing the February-March upwelling sea- 

Total mass Organic carbon Carbonate Lithogenic 
flux flux flux particle flux 

Month in 1980 

Fig. 2. Total dry mass flux, organic carbon (combustion-infrared detection) flux, carbonate 
(acetic acid leaching) flux, and lithogenic (combustion residue and x-ray) flux between 3 
December 1979 and 2 December 1980 at station PB2 (5"22'N, 85"35'W). Months in 1979 and 
1980 are given numerically along the bottom axis. Vertical scales are different except for the 
total mass and carbonate fluxes. A sample collector failed to rotate in one period at both the 
2590-m and 3560-m traps (dotted lines, values in parentheses). The flux from August through 
November is assumed to be divided equally in the two 2-month increments. 

son may also be due to aggregated sedi- 
mentation. The zooplankton production 
peak in this area did not coincide with 
the lithogenic sedimentation maximum 
(Figs. 1 and 2). 

The lithogenic flux cycle at the moor- 
ing site was not related to the amount o f  
river water discharged from the coastal 
area ( F i g .  1 ) .  The composition o f  clay 
minerals remained unchanged through- 
out the year (10); beidellite, an authi- 
genic mineral, was the major constituent 
throughout the year at all three depths. 
This observation suggests that the terrig- 
enous lithogenic discharge does not 
reach the mooring site directly, approxi- 
mately 300 km from the major estuaries, 
immediately after the discharge but i s  
contained within a relatively narrow 
zone near the coast (4) .  On the other 
hand, biogenic productivity has a pro- 
found effect upon the sedimentation cy- 
cle o f  lithogenic particles at this station. 

S u s u ~ u  HONJO 
Woods Hole Oceanographic Institution, 
Woods Hole, Massachusetts 02543 
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