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A comparison of moored and free-drifting sediment traps 
of two different designs 

by Ntek Staresinic1
•
2

, Klaus von BrockelS, Nenad Smodlaka4 and C. Hovey Clifford~ 

ABSTRACT 
The Kiel conical sediment trap and a 3: 1 right cylinder were simultaneously deployed in 

both free-drifting and moored modes on four separate occasions over the Peruvian shelf in 
order to compare downward flux measurements derived from each. Four additional trials with 
moored and free-drifting 3: 1 cylinders were made in the northern Adriatic. The tendency for 
the free-drifting 3: 1 cylinder to collect more material than its moored counterpart was sup­
ported at the 5% level by the signed-rank test. The results for the Kiel design are inconclusive 
because of a low number of trials. 

Variability between the two designs when attached to the same free-drifting array was 
greater than that of two 3:1 cylinders on the same array. Systematic variations in the way 
in which collected material was recovered and processed is likely responsible. 

Small-scale sampling error was estimated from simultaneous deployments at 30 m of paired 
fre~drifting trap arrays made on four different days. Log-10 coefficients of variation ranged 
from 3.8% to 31.3% (mean: 15.5%) for the 3: 1 cylinder and from 1.0% to 52.3% (mean: 
17.9%) for the Kiel design. Means are similar to within- and between-array variability 
reported for moored traps. 

Differences between designs, and within moored and free-drifting versions of the 3: 1 

cylindrical design, serve as a guide in intercomparing our group's sediment trap data. How­
ever, no statement has been made about absolute collecting efficiency. 

1. Introduction 

The efficacy of sediment traps is a continuing topic of discussion. Bloesch 
(1978) and Bloesch and Burns (1980) have summarized several key problems in 
sediment trap methodology including aspects of trap design and sample handling. 
Perhaps the most critical of these pertains to the interaction of the trap with the 
hydrodynamic environment. Turbulent velocities over the entrance of sediment 
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traps moored in currents with speeds typical of many coastal, oceanic, and deep-sea 
areas may attain several tens of cm s-1 ; they may thus be expected to influence 
the collection of particles, such as fecal pellets and phytodetritus, which sink with 
terminal velocities on the order of several tenths to 1 cm s-1 (Smayda, 1970; Small 
et al., 1979). 

Kleerekoper (1952) was among the first to question the validity of moored trap 
data cin this basis; he suggested that collectors with high sides overestimated the 
true downward flux of particles because of a 'snow-fence' effect. Berger and Soutar 
(1967) suggested that the interaction of their near-bottom 'umbrella' trap with the 
horizontal current led to an underestimate of the sedimentation rate of j:>lanktonic 
foraminifera. 

The influence of trap design on particle collection has since received much atten­
tion (Davis, 1967; Johnson and Brinkhurst, 1971; Pennington, 1974). In particular, 
the combination of field studies with controlled investigations of model sediment 
traps in recirculating flumes (von Brockel, 1975; Gardner, 1977, 1980 a; b; Har­
grave and Bums, 1979) has done much to extend earlier work and has resulted 
in a better understanding of the collecting behavior of moored sediment traps 
(MSTs). An especially important finding of these studies . is that, rather than in­
terctrpting sinking particles, moored sediment traps collect particles which settle 
after being carried into their interior by water exchange. 

These results have ·encouraged a certain standardization· of sediment trap design. 
Two design features now widely considered to minimize the effects of instrument­
induced turbulence are: 1) cylindrical collectors with aspect ratios (height:diameter) 
of 3:1 (Gardner, 1977, 1980 a, b) or greater (Hargrave and Burns, 1979; Blomqvist 
and Hakanson, 1981) and 2) grids or 'honeycombs' placed over the trap entrance. 
Moored sediment traps used by Soutar et al. (1977), the Kiel group (von Brockel, 
1975; Zeitzschel et al., 1978; Smetacek et al., 1978), Honjo (1978), Spencer et al. 
(1978) and Prahl and Carpenter (1979) incorporate this latter feature. 

A different approach to minimizing the effects of turbulence, originally suggested 
by A. J. Williams III (WHOI), is to permit the collecting device to drift with the 
local current (Staresinic, 1978; Staresinic et al., 1978). Indeed, sediment traps 
used properly in the free-drifting mode should correspond to the moored situation 
in which there is no horizontal current. Under approximately such conditions 
Davis (1967), Kirchner (1975), and Hargrave and Bums (1979) have demonstrated 
that design-induced turbulence has no discernible influence on particle flux measure­
ments. This provided the original motivation for developing the FST and remains 
our principal justification for using it in investigations of the downward flux of 
particulate matter in marine ecosystems (Staresinic, 1982). Several types of FSTs 
are now in use (Staresinic, 1978, 1982; Zeitzschel et al., 1978; Knauer et al., 1979). 

The wide variety of sediment traps currently used (Reynolds et al., 1980) makes 
unambiguous comparison of downward flux data difficult. The present study was 
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Table 1. Specifications of sediment trap designs used in the present study. 

HEIGHT, CONE 
HEIGHT MAXIMUM DIAMETER COLLECTING OPENING ~NGLE R[MARKS DIAMETER al OPENING AREA DIAMETER FROM N 

(cm) (cm) (cm) (m 2 ) VERTICAL 

KIEL TRAP 

\/4~ 
OPENING COVERED 
BY GRID 1 cm 1 I cm 
SQUA RE , 4 cm 

64 40.0 20.0 0 .031 3.2 21° 
DEEP. 

SIDE TOP 

FST COL LECTOR 
OPENIN G. 

D 
UN COV ERED 

0 122 40.6 40 .6 0.13 3.0 50' .. 

SIOE TOP 

undertaken to compare the quantity and composition of material collected by two 
different types of sediment traps in both moored and free-drifting modes. Specifi­
cally, to provide some means of intercomparing our own data, we compared those 
·designs which we now use-a 3:1 right cylinder and a gridd.ed cone. Prelimin,uy 
results for the cylinder were reported by Staresinic (1978). 

2. Materials and methods 

The two sediment traps used in this study have been previously described_.:._the 
modified Woods Hole FST by Staresinic (1978, 1982) and the conical Kiel de~ign 
by Zeitzschel et al. (1978). The FST has two 3: 1 right cylinders with shallow 
collecting cones and no grid over the entrance. The Kiel trap is fitt ed with an 
inclined collar leading to a gridded entrance and features a motor-driven collecting 
chamber which permits sequential collection of six samples during a single deploy­
ment. The collecting area of each cylinder, 0.13 m2, is about four times larger 
than that of each Kiel trap (0.031 m2) . Some specifications of each trap are sum­
marized in Table 1. 

Peru coastal upwelling. Four sediment trap intercomparison stations were occupied 
during the Knorr 73-3 cruise to the Peru coastal upwelling (March, 1978). Hydro­
graphic and phytoplankton productivity data were collected in the vicinity of each 
station (J. Kogleschatz, Duke University Marine Laboratory, pers. comm.). 

Each of two free-drifting arrays was fitted with one Kiel trap and one 3:1 
cylinder. Initially, four separate moorings were prepared, two with a Kiel trap and 
two with a cylinder. Only one FST performed properly on the first deployment 
and one 3:1 MST was broken on the first recovery. Remaining shelf deployments 
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consisted of two FSTs and at least one 3:1 MST or one Kiel MST. All shelf 
deployments were made at night with the traps set at 30 m. FSTs were deployed 
upstream of the mooring area for each trial. In addition, a pair of 30 m FSTs 
was deployed about 50 km offshore, out of the region of high productivity. Water 
depths in excess of 3000 m precluded deployment of a near-surface MST. 

Following recovery, sediment trap collections were divided with a 2 1 Folsom 
Plankton Splitter and filtered onto pre-combusted glass-fiber filters. Filtered aliquots 
generally represented 1/ 64 of samples from the 3:1 cylinder and either 1/8 or 
1/ 16 of samples from the Kiel trap. Dry weight, POC, and PON were measured 
on frozen filters returned to the lab. POC and PON analyses were done at both 
Kiel and Woods Hole for most samples. 

Northern Adriatic. Two pairs of simultaneous deployments of one 3:1 MST and 
one FST array containing two 3: 1 collectors were made at each of two stations in 
the northern Adriatic during a May, 1979 cruise of Vila Velebita (lnstitut "Rudjer 
Boskovic," Centar za istrazivanje mora, Rovinj). An extensive series of hydro­
graphic and productivity data were collected at each station (Smodlaka et al., in 
prep.). In addition to dry weight, POC, and PON, trap material was analyzed for 
chlorophyll a and phaeopigments. 

As decomposition of bulk collected material was not considered to be significant 
over the nominally 12-hr. deployments (Staresinic, 1982), poisons were not used 
in either the Peru or the northern Adriatic work. 

3. Results 

Sediment trap samples from the Peruvian shelf were collected during a period 
of active coastal upwelling. Primary productivity averaged near 4 gC m2-d-1 

and surface chlorophyll a was commonly in excess of 5 mg m-3 • Highlights of the 
unpublished Knorr 73-3 hydrographic and productivity data may be found in 
Staresinic (1982). Knorr 73-2 data, taken ten days earlier in the same general 
area, were broadly similar and have been reported by Gagosian et al. (1980). 
Primary production and chlorophyll a standing-stock at the FST station located 
about 50 km offshore (FST 27 & 28) were both about an order of magnitude lower 
than shelf values. 

Oceanographic conditions during the Vila V elebita cruise to the northern Adriatic 
were similar to those described for the region by Gilmartin and Revelante (1980). 
The moderately-high productivity (ca. 2 gC m- 2d-1) found in the western sector 
(" Jadran" FST 3 & 4) typically occurs during periods of Po River outwelling 
(Revelante and Gilmartin, 1976). In contrast, conditions in the eastern sector were 
more like those of the central Adriatic; both primary productivity and chlorophyll 
a biomass were low, the former generally near 0.5 gC m-2d-1 • Further details on 
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Table 2. Deployment data for Peru and Northern Adriatic sediment trap stations. 

Deployment Recovery Deployment Mean drift 
coordinates coordinates period speed 

Station Date Lat (S) Long (W) Lat (S) Long (W) (local time) (cm s-1
) 

Peru, 1978 

FST 22 3/23,24 15°04.5' 75°33.5' 15°06.6' 75°30.5' 2232-0640 23 
MST22 15°05.7' 75°29.7' 2132-0715 
FST 23 3/24,25 15°04.0' 75°35.2' 15°07.1' 75°32.1' 2122-0630 24 
FST 24 ,, 15°03.8' 75°35.0' 15°06.7' 75°31.5' 2138-0645 28 
MST23 15°06.0' 75°29.9' 2025-0720 
FST 25 3/ 25,26 15°02.8' 75°34.8' 15°06.0' 75°32.6' 2022-0620 19 
FST 26 15°02.9' 75°35.0' 15 °06.3' 75°33.9' 2011-0645 17 
MST25 15°06.1' 75°29.8' 1907-0800 
FST 27 3/27 15° 19.3' 76°02.2' 0702-1610 
FST 28 3/ 27 15° 19.3' 76°02.2' 0652-1638 
FST 29 3/ 27,28 15°16.5' 75°21.8' 15 ° 18.2' 75°21.0· 2225-0812 10 
FST 30 15° 16.5' 75°21.8' 15°18.4' 75°21.l' 2214-0830 13 
MST29 15°06.1' 75°29.8' 

Jadran, 1979 Lat (N) Long (E) 

FST 2 5/ 18,19 45°02.5' 13• 11.o· 1920-0630 
MST2 1945-0700 
FST 3 5/ 21,22 44°46.2' 12°45.0' 1815-0715 
MST3 ,, 

1830-0730 
FST 4 5/22 44°46.2' 12°45.0' 0845-1730 
MST4 ,, 

0825-1745 
FST 5 5/ 23,24 45°02.5' 13°11.0· 1900-0700 
MST5 1915-0175 

the hydrography and productivity of these stations will be reported by Smodlaka 
et al. (in prep.). 

Sediment trap data. Sediment trap deployment data, including average drift speeds 
of some Peru FSTs, are presented in Table 2. Drift trajectories of all near-shore 
Peru FSTs discussed herein (Fig. 1) are consistent with mean near-shore fl ow at 
15°S (Brink et al., 1980). 

A ccurate positioning was not available for Adriatic traps, but current meter 
records taken during the cruise indicated that current speed at the trap depth 
(15 m) was less than 15 cm s-1

• Adriatic station locations are shown in Figure 2. 
Downward flux data for all trap stations are given in Table 3. The general 

relationship between downward flux and primary production is apparent: higher 
fluxes are associated with the higher levels of production found off coastal Peru. 
Ecological interpretation of these data is discussed by Staresinic (1982), Staresinic 
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Figure 1. Drift trajectories and deployment locations of Knorr 73-3 sediment traps. 
Key: . 1-FST 22 6-FST 27 

2-FST 23 7-FST 28 
3-FST 24 
4-FST 25 
5-FST 26 

8-FST 29 
9-FST 30 
Triangle = MST mooring location 

[40, 1 

et al. (1982) and von Brockel (1981) for Peru and by Staresinic et al. (in prep.) 
for the northern Adriatic. 

In seven of nine comparisons, the free-drifting 3: 1 cylinder collected more mate­
rial than its moored counterpart. Within the Peru series, FSTs tended to have 
lower C:N ratios and higher percentages of POC. This trend in C/N ratios was 
reversed in Adriatic samples. Also, Adriatic FSTs collected slightly larger percent­
ages of phaeopigments. 
. .In two of four comparisons of the Kiel design, more material was collected in 
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Figure 2. Station locations of Vila Velabita sediment trap deployments. 
Station A-15: Jadran M & FST 2, Jadran M & FST 5 
Station 10-A: Jadran M & FST 3, Jadran M & FST 4 
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the free-drifting mode. In one case the MST caught more than the two FSTs; in 
one case the MST flux was between that of the two FSTs. There was again a 
tendency for lower C:N ratios and higher percentages of POC in the FSTs. 

For the three trials for which a comparison can be made (Trials I-III), there 
was a similar trend in the relative difference between moored and free-drifting 
traps of each design (Table 4, a and b). That is, for both designs the greatest dif­
ference 'between FSTs and MSTs was in Trial III; MSTs collected slightly more 
than the mean FST flux in Trial II. The differences between moored and free-



Iv 
Table 3. Downward flux of bulk properties as measured at Peru and Northern Adriatic sediment trap intercomparison stations. Flux in 00 

0 
(mg or µg) m-• (12 hr)-1• 

Trap Dry mass POC PON Chl a Phaeo. C:N Chl a : Phaeo. POC% 
code (mg) (mg) (mg) (µg) Dry Wt. 

WHOI KIEL WHOI KIEL WHOI KIEL WHOI WHOI KIEL WHOI KIEL WHOI KIEL 

Peru (30 m) 

FST 22 5934.9 3492.3 567.9 316.4 82.3 37.2 6.9 8.5 9.6 9.1 
MST22 3035.7 2442.9 208.8 194.4 25.8 23.1 8.1 8.4 6.9 8.0 
FST 23 3139.1 2282.7 281.3 219.7 40.2 29.5 7.0 7.5 9.4 9.6 .... 
FST 24 2927.2 2280.6 315.8 185.6 49.3 25.1 6.4 7.4 10.9 8.1 C) 

s;: 

MST23 3437.1 2674.4 316.7 263.1 40.1 28.0 7.9 9.4 9.2 9.8 
FST 25 4511.2 4147.0 425.0 383.4 57.4 45.8 7.4 8.4 9.4 9.2 -
FST 26 3543.2 3737.4 289.1 332.2 39.6 41.0 7.3 8.1 8.2 8.9 
MST25 1933.3 100.6 156.5 11.1 17.2 9.1 9.1 5.2 f PST 27 774.6 457.4 27.5 24.7 3.0 2.9 9.1 8.5 3.4 5.4 s· 
FST 28 554.2 485.5 22.4 32.0 2.5 4.5 9.0 7.1 4.0 6.7 (11 

FST 29 3434.2 1601.5 254.6 107.3 33.4 13.1 7.6 8.2 7.4 6.7 
:,:, 

FST 30 3258.9 2377.1 277.7 194.5 38.5 24.2 7.2 8.1 8.5 8.2 (11 

MST29 147.3 17.6 8.4 l 
Jadran (15 m) 

FST 2 103.2 27.3 2.5 14.0 9.6 10.9 1.4 26.5 
MST2 81.6 18.4 8.6 2.8 1.6 22.6 
FST 3 938.4 105.5 9.7 116.8 253.3 10.9 0.46 11.2 
MST3 278.8 33.3 3.6 102.4 173.8 9.3 0.59 11.9 
FST 4 476.4 63.4 5.8 212.8 294.0 10.9 0.72 13.3 
MST4 535.2 78.6 7.6 248.4 256.8 10.3 0.97 14.7 
FST 5 86.4 23.7 2.1 12.4 10.3 11.3 1.2 27.4 ,......, 
MST5 64.8 13.6 l.S 12.8 9.2 9.1 1.4 21.0 .i,. 

~o -
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Table 4a. Wilcoxon signed-rank test for 3: 1 cylindrical moored and free-drifting sediment 
traps (POC flux, in mg m-• (12 hr)-1). 

Normalized Abs. 
Trial No. FST MST difference rank Rank• Rank-

I 567.9 208.8 0.925 5 5 
II 298.6 316.7 -0.059 1 

III 357.1 100.6 1.121 7 7 
IV 27.3 18.4 0.390 3 3 
V 105.5 33.3 1.040 6 6 

VI 63.4 78.6 -0.214 2 2 
VII 23.7 13.6 0.542 4 4 

Sum: 25 3 

Table 4b. Wilcoxon signed-rank test for Kiel moored and free-drifting sediment trap (POC 
flux in mg m-• (12 hr)-1) . 

Normalized Abs. 
Trial No. FST MST difference rank Rank• Ralll("-

I 316.4 194.4 0.478 3 3 
II 202.7 263.1 -0.262 2 2 
m 357.8 156.5 0.783 4 4 
IV 150.9 147.3 -0.010 1 1 

Sum: 7 3 

drifting versions of the Kiel design were smaller, however, in both Trials I and III. 
There was no apparent correlation between FST speed and the difference between 
MST and FST collections (Spearman r2 = 0.63). 

A simple way of judging the significance of differences between fluxes measured 
with MSTs and FSTs is to use the Wilcoxon signed-rank test, a non-parametric 
analogue of the t-test (Tate and Oelland, 1957). Calculations for both the 3:1 
cylinder (Table 4a) and the Kiel trap (Table 4b) use the difference between FST 
flux and MST flux normalized by the mean value within a trial. In trials for which 
two FST fluxes were available for one design, separate calculations were made 
using all possible FST / MST combinations and also mean FST flux. Regardless of 
which FST flux was used, there was no difference in the outcome of the significance 
test. Mean FST fluxes are reported in Table 4 (a and b). 

For the 3:1 cylinder, the null hypothesis of no difference between fluxes measured 
with moored and free-drifting traps was rejected at the 5 % level in favor of the 
one-sided alternative that FST fluxes were higher. The 90% confidence interval 
for the median relative difference between 3:1 FST and MST POC flux, estimated by 
trial-and-error (Tate and Clelland, 1957), was about O to 0.985. This implies that, 



282 Journal of Marine Research [40, 1 

Table 5. Variability within 1977 FST (two 3:1 cylinders) (Staresinic, 1977, 1982) and within 
Knorr 73-3 1978 FST (one 3: 1 cylinder and one Kiel trap) in log-10 standard deviation s' 
and coefficient of variation V'. 

FST POC flux s' V' (%) 

code (mg m-• (12 hr)-1
) 

Cylinder 
#1 #2 

66 153.6 
67 82.7 91.9 0.032 7.7 

84 79.8 
85 91.6 122.1 0.088 22.5 

86 103.9 110.0 0.Q18 4.2 

87 74.3 82.1 0.Q31 7.4 

92 98.5 119.0 0.058 14.3 

Mean 0.046 11.2% 

WHO! KIEL 

FST 22 567.9 316.4 0.180 51.2 

FST 23 281.3 219.7 0.Q75 19.1 
FST 24 315.3 185.6 0.163 45.5 
FST· 25 425.0 383.-4 0.045- 10.9 
FST 26 289.1 332.2 0.043 10.4 
FST 27 27.5 24.7 0.033 7.9 
FST 28 22.4 32.0 0.110 28.7 
FST 29 254.6 107.3 0.265 84.2 
FST 30 277.7 194.5 0.109 28.6 

Mean 0.115 31.8% 

with about 90% confidence, the median value of (MST / FST) x 100 is contained 
in the interval 39.9% to 100% . In terms of POC flux, the median value for the 
3: 1 cylindrical design was 57 .5 % . For the Kiel design, there is an insufficient 
number of trials to test the null hypothesis below the 10% level for a one-sided 
test. -

The difference between Kiel FSTs and MSTs is likely exaggerated as our Kiel 
MST data derive from a three-day series of six 12-hour samples collected sequential­
ly in unpoisoned sampling chambers. A rather. regular increase in C:N over time 
suggests decomposition of the material while in the trap. A high C:N ratio in the 
fourth chamber may be due to an abundance of anchoveta fecal fragments 
(Staresinic et al., 1982). 

3:1 cylinders used in the free-drifting mode tended to have higher fluxes and 
lower C:N ratios than Kiel traps attached to the same array. In terms of the log-10 
coefficient of ·variation V', FST between-design variability ranged from 7.9%. to 
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84.2 % and averaged 31.8 % (Table 5). This is greater than the variability of paired 
3:1 cylinders on the same array observed for five FST deployments in 1977 (range: 
4.2% to 22.5% , mean: 11.2%) (Table 5). 

Though fewer comparisons were made, both the mean and range of variability 
in MSTs were similar to those of FSTs. Between-design log-10 coefficients of 
variation for three MST trials were 5.2, 14.0, and 36.7% (mean: 18.6% ). 

Replicate FSTs were used to estimate a four-day mean spatial variability of 
trap measurements in terms of dry weight, POC and PON. Logarithmic transforma­
tion of these data was warranted as it decreased dependency of the variance on the 
mean. Coefficients of variation thus calculated for the 3:1 cylinder ranged from 
3.8% to 31.3% and averaged 15.5% (Table 6). Higher variability was associated 
with samples from the 3:1 FST pair with the most divergent trajectories (FSTs 25 
& 26) (Fig. 1). V' for the Kiel traps ranged from 1.0% to 52.3% and averaged 
17.9% (Table 6). In contrast with results for the 3:1 design, variability was highest 
for FSTs 29 & 30. 

The overall mean log-10 standard deviation s' for paired free-drifting traps was 
0.066. Assuming that this value is . characteristic of a large number of replicates, 
we may calculate 95% confidence limits as a percentage of single downward flux 
observations: 

upper limit= 100 antilog (1.96 s') = 134.8% 
and 

lower limit= 100 antilog (1.96 s')-1 = 74.2% 
In other words, according to this criterion two sediment trap samples must differ 
by at least a factor of about 1.4 in order to be considered different with 95% 
confidence. 

4. Discussion 

Comparison of moored and free-drifting traps. The low number of replicates per 
trial clearly limits our ability to make statistically-based conclusions on the signif­
icance of the differences between moored and free-drifting sediment traps. But an 
increased number of replicates poses obvious logistic problems, especially when 
using free-drifting traps. Also, the low number of trials in which the Kiel trap was 
tested (4) does not permit resolution of differences between moored and free­
drifting modes of this design beyond the 10% significance level with the signed-rank 
test. 

Our choice of trap designs should have minimized the difference between moored 
and free-drifting modes. As both designs are based on criteria recommended for 
reducing collecting bias caused by turbulence over the entrance of moored sediment 
traps (von Brockel, 1975; Gardner, 1977), we might expect them to yield flux 
estimates quantitatively similar to those from an FST. Intercomparison of a design 
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Table 6. Small-scale replicability of mass, POC, and PON flux as measured with 3 : 1 cylindrical and Kiel conical free-drifting 
sediment traps off Peru. 

Mass Flux POC Flux PON Flux 
Trap Geometric V' Geometric V' Geometric V' 
Code Mean s' (%) Mean s' (%) Mean s' (%) 

3:1 
Cylinder .... 

0 

3031.3 0.021 5.0 298.1 0.036 8.5 44.5 0.063 15.5 
s:: 

3998.0 0.074 18.6 350.5 0.118 31.3 47.7 0.114 30.0 $:i -655.2 0.103 26.7 24.8 0.060 15.6 2.7 0.056 13.8 0 -3345.4 0.016 3.8 265.9 0.027 6.3 35.9 0.043 10.6 
Mean 0.053 13.1 0.060 15.4 0.069 17.3 .... s· 

(II 

V' 15.5% ::ti 
3: 1 Mean 

s' 0.061 
Kiel Trap 

::i--
2281.7 0.001 1.0 201.9 0.052 12.7 27.2 0.050 12.1 
3936.9 0.032 7.6 356.9 0.044 10.7 43.3 0.034 8.1 
471.2 0.ot8 4.3 28.1 0.080 20.1 3.6 0.135 36.4 

1967.0 0.120 30.7 144.5 0.183 52.3 17.9 0.160 44.5 
Mean 0.0449 10.9 0.082 22.1 0.088 22.4 

Kiel Mean 
V' 17.9% 
s' = 0.072 

,...., 
~o -
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with a low collecting efficiency when moored in a current, such as a cylinder with 
an aspect ratio much less than one, or a shallow, box-shaped trap, would probably 
have accentuated differences between moored and free-drifting modes; conversely, 
choice of an aspect ratio greater than 5 might have further decreased these dif­
ferences. Regardless, our principal concern in the present study was to compare 
the behavior of those designs which we now use. 

Despite a limited data base, the result of the signed-rank test for the seven trials 
with the 3: 1 cylinder indicates that the free-drifting 3: 1 cylinders tended to collect 
significantly more material than their moored counterparts. This is consistent with 
Berger and Soutar's (1967) speculation that the effect of the turbulent wake over 
the entrance of sediment traps moored in currents would be to decrease the quantity 
of material collected. 

There is also an indication that moored and free-drifting traps collected a 
different quality of particles, but the interpretation is not clear. The tendency for 

lower C:N ratios in Peru FSTs as compared with MSTs is reversed in Adriatic 
samples; this may likely be explained in terms of basic differences in the sinking 
particles found in each ecosystem. Adriatic FSTs also had slightly higher per­
centages of phaeopigments. There is, however, no basis for inferring that either 
of these trends is associated with slower-sinking particles against which either of 
the traps might discriminate; detailed analysis of particle sizes collected in the traps 
has not been performed. 

Differences between MSTs and FSTs may be related, in some part, to a basic 
difference in the way in which each samples the environment. MSTs should be 
exposed to a wider variety of patches of particulate matter during a deployment; 
accordingly, they would sample large particles representative of each patch. A 
well-designed FST, on the other hand, would be deployed within and track a single 
patch which might have either a high or low level of sinking particles. Greater 
variability between short-term flux measurements would likely result. There is no 
support for this in the present data, but it suggests a possible disadvantage of the 
FST-a larger number of samples might be needed to characterize the mean flux 
of a spatially heterogeneous environment. 

In each trial conducted off Peru, it is clear that moored and free-drifting traps 
did not sample the same water. The water with which the FST drifted was not 
sampled by the MST until the end of the trial. Thus, we found a systematic varia­
tion between moored and free-drifting versions of the 3:1 cylinder, but we 
introduced a systematic difference in our three trials off Peru by always deploying 
the FST upstream of the MST. We cannot evaluate the effect which this might have 
had on the present results. However, a clear correlation between current speed 
(as meaured by the FSTs, Table 2) and the difference between MST and FST 
collections would be expected if turbulence effects were solely responsible. Failure 
to identify such a correlation suggests that patchiness may not have been insignif-



286 Journal of Marine Research [40, 1 

icant. In addition to increasing the number of trials, further intercomparison studies 
of this sort might better approach the problem of patchiness through a sampling 
design which incorporates random deployments of both FSTs and MSTs within a 
given area. 

· There is perhaps a more fundamental difference between moored and free­
drifting sediment traps: each may measure a different aspect of suspended parti­
culate matter. In the ideal case, FSTs travel without slip with a parcel of ~oving 
water, sample particles sinking from the overlying water, and so estimate downward 
particle flux. MSTs, however, collect particles transported into their interior by 
horizontal currents (van Brockel, 1975; Gardner, 1977). As such, they may be 
more properly considered to act .as in situ pumps; if the volume of water processed 
and the effective filter size (particle selectivity characteristics) were known, they 
would thus provide information on particle standing-stock. Surface-attached FSTs, 
in fact, are subject to the same problem. 

, Both moored and free-drifting sediment traps have other limitations worthy of 
n9te. Even with the same design, variation of collecting efficiency with current 
speed can affect the interpretation of data from both moored and surface-attached 
free-drifting traps. Smetacek et al. (1978) considered this in their explanation of 
depth trends in sedimentation rate . observed with the Kiel traps fixed at different 
depths on the same mooring line. Again, this should also be a problem with 
surface-attached free-drifting sediment traps. 

A principal limitation of the FST is that it is not always logistically practical. 
The requirements of other projects may preclude following an FST for periods 
sufficiently long to insure collection of an adequate amount of particulate matter 
for analysis. In coastal research, FSTs may either run aground or interfere with 
ship traffic. · More important, however, is the slippage problem associated with 
surface-attached drogues in general (Kirwan et al., 1975; Vachon, 1980). Long 
tethers needed for deep deployments of surface-attached vehicles, or traps set at 
multiple depths on the same free-drifting array (e.g. Knauer et al., 1979; Iseki, 
1981) invite drogue slippage and lead to the same problems of particle collection 
behavior associated with moored traps. The extent to which this biases FST data 
reported herein has not been evaluated. However, we might suspect that under 
identical flow conditions the bias of FSTs would be less than that of MSTs. 

Between-design comparison. Variability between 3:1 cylinders and Kiel traps on 
the same free-drifting array was greater than that for paired 3: 1 cylinders (Table 
5). Except for FST 27 and 28, cylinders collected more material of a lower C:N 
ratio. This could be explained by a consistent difference either in collecting be­
havior of the traps or in sample processing. The array was not originally designed 
for use with . the two different types of traps and so, though FST 22 appeared 
well-balanced during a brief SCUBA inspection, the possibility that the rig either 
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listed or rolled cannot be ruled out. This might have modified the particle collection 
process by either changing the effective collecting area or by causing a pumping 
action. 

A potentially significant difference in the way samples were routinely retrieved 
from the two types of traps could also explain between-design variations. In the 
Kiel system water above the sample collecting chamber, together with its particulate 
load, was released when the trap broke the surface. Water above the conical 
bottom of the 3:1 cylindrical trap was also discarded after recovery, but often 
remained in the trap for periods up to one hour; the sample was then collected 
with about one liter of the water remaining in the cone. This water, and the 
particles which it contained, was filtered along with the trap sample. This suggests 
that the discrepancy between fluxes from the Kiel and 3: 1 cylindrical designs could 
be due to continued settling of particles in the water overlying the bottom of the 
latter. To account for the quantitative difference between designs, an additional 
2.5 mg (FST 25) to 16.3 mg (FST 29) POC would have to have been filtered in 
one-liter samples from the free-drifting 3:1 cylinders. (The lower value is about an 
order of magnitude greater than the typical POC concentrations in ambient water 
at the trap depth.) 

Within this context, it is noteworthy that in each 1977 FST sample cylinder #2, 
so designated as it was always the second of the two cylinders on an array to be 
processed, always yielded higher POC fluxes (Table 5). As this cylinder was always 
left undisturbed for up to one hour longer than the other, continued particle 
settling could also explain this result. Water above the trap samples was not 
separately analyzed in either year, so the relative importance of this process 
cannot be judged. Nevertheless, the main point is: beyond the collecting charac­
teristics associated with different sediment trap designs, the manner of sample 
processing may be responsible for considerable differences in reported flux values. 

Hargrave and Burns (1979) suggested that fluxes from conical sediment traps 
moored with the base down in horizontal flows are best calculated using base 
surface area rather than that of the entrance. The Kiel trap approximates this 
shape because of its inclined collar (Table 1). This would mean calculating fluxes 
based on a collecting area of 0.12 m2 instead of 0.031 m2

; Kiel fluxes reported in 
Table 3 would thus be reduced by a factor of four. This would seem unreasonable 
in light of the data from the 3: 1 MST. Either the very low angle of the collar, or the 
way in which the grid over the entrance of the Kiel trap modifies collecting behavior 
may be responsible. 

The range of log-10 coefficients of variation V' calculated for the four replicate 
pairs of FSTs is similar to that reported for MSTs both within arrays, and between 
arrays placed within one kilometer of each other (Table 7). Small-scale sampling 
variability of several other biological oceanographic properties of interest, together 
with appropriate references, are collected in Table 7. Small-scale variability · of 



288 Journal of Marine Research [40, 1 

Table 7. Small-scale sampling variability of some biological oceanographic properties. 

Variable 

Primary production 

Heterotrophic activity 
Zooplankton abundance 

Suspended particulate 
organic carbon, 
upper 100 m 

Downward particle flux 
1) within MST array 

2) between MST arrays 

3) within FST array 
4) between FST arrays 

3: 1 cylinder 
Kiel design 

Coefficient of 
variation ( % ) 

14 
23* 

2.7-9.9* 
23-53* 
15-53* 

2.4-52.8 

8-23 
26 
19• 

16 
2-26 

4.1-22.5• 

3.8-31.3* 
1.0-52.3• 

Reference 

Herbland, 1974 
Cassie, 1962 
Herbland & Pages, 1976 
Cassie, 1963 
Haury, 1976 
Wangersky, 1974 

Hargrave et al., 1976 
Steele & Baird, 1972 
Staresinic and 

Shaughnessy, unpubl. 
Hargrave et al., 1976 
Webster et al., 1975 
This paper 

This paper 
This paper 

• designates s', coefficient of variation of log-IO-transformed data; other values are standard 
deviation/ mean of untransformed data. In general, the latter are 15 to 20% lower than the 
respective s'. 

primary production and heterotrophic activity is somewhat lower, and that of 
zooplankton abundance somewhat higher, than variability of the 30 m FSTs off 
Peru. The range of variability for FSTs is of the same order as that characteristic 
of small-scale (::;;; 1 m) variability of suspended POC in the upper 100 m as col­
lected by 5 1 water samples (Wangersky, 1974). However, in general such small 
volumes would not representatively sample the larger particles collected by sediment 
traps (Menzel, 1967; Gardner, 1977). 

As sediment trap collections are largely composed of the products of phytoplank­
ton and zooplankton activities, we might expect a functional relationship between 
the scales of plankton patchiness at the lower trophic levels and the spatial he-­
terogeneity of sediment trap samples. For example, a patch of fecal pellets initially 
released on horizontal scales comparable to those of actively-feeding zooplankton 
might be smoothed to larger scales by mixing processes as the pellets sink. This 
would argue for lower small-scale variability in sediment trap measurements com­
pared to zooplankton abundance. Spatial variability on the order of phytoplankton 
patchiness would be expected in instances in which the combination of low grazing 
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pressure and low levels of vertical mixing cause direct settling of phytoplankton 
(Kraenis and Martens, 1975). Spatial heterogeneity of particulate matter utiliza­
tion would undoubtedly modify this pattern. 

The sampling error estimate made from replicate FSTs of both the 3:1 an~ 
Kiel designs (Table 6) provides a useful means of objectively evaluating differences 
in particulate matter fluxes (e.g. between regions or between depths) when few 
samples are available. Staresinic (1982) has used it in this manner to identify 
differences in POM flux between FSTs set near the Peruvian coast and those set 
offshore, out of the influence of the main upwelling. 

As neither trap has been calibrated under field conditions, MST /FST ratios 
from this study should not be interpreted as collection efficiencies. Given the width 
of the estimated 90% confidence interval about the median value of (MST /FST) 
X 100, 39.9% to 100% , it is not surprising that it includes typical MST collecting 
efficiencies calculated by comparing the measured and expected downward flux 
of certain radionuclides with an affinity for particulate matter (Spencer et al., 1978; 
Minagawa and Tsunogai, 1980; Nguyen Huu Van, Chesselet and Staresinic, un­
published data). These latter measurements, however, have clear potential in 
evaluation of the collecting efficiencies of both moored and free-drifting sediment 
traps. 

It is very important to emphasize again that we have calibrated neither design 
in either mode and so do not claim that one is more efficient than the other, only 
that they provide different descriptions of the downward transport of bulk properties 
which should be recognized when intercomparing our data, and when relating our 
data to those of others. 

5. Summary and conclusions 
(1) In five of seven simultaneous deployments to the same depth, free-drifting 

3:1 cylindrical sediment traps collected more material than their moored counter­
parts. Results of the Wilcoxon signed-rank test confirm the significance of this 
trend at the 5 % level. 

(2) An insufficient number of trials with Kiel gridded cone did not permit a test 
of significance beyond the 10% level for a one-sided test. 

(3) Differences between traps of the Kiel design and 3:1 cylinders sharing the 
same free-drifting array were larger than those found when two 3:1 cylinders were 
drifted together. Variations in sample processing were believed responsible. 

(4) Paired deployments of free-drifting traps at the same depth on four separate 
days permitted estimation of sample replicability on scales of 0.1 to 1 km. Log-10 
coefficients of variation V' ranged from 3.8 to 31.3% for the 3:1 cylinder and 
from 1.0 to 52.3% for the Kiel design. The averages of each, 15.5% and 17.9%, 
respectively, are generally lower than those published for zooplankton abundance 
and higher than those of primary productivity. 
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(5) The mean log-10 standard deviation s' = 0.061 calculated for the ~ree­
drifting 3:1 cylinders may be used to estimate 95% confidence intervals about 
single FST measurements. FST fluxes must differ by about a factor of 1.4 to be 
considered different by this criterion. 
· (6) As neither trap has been calibrated in either the free-drifting or moored 
mode, this study only qualifies as an intercomparison of designs, not as an inter­
calibration. 
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