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Field assessment of sediment traps 1
by Willord D. Gardner 2 · 3

ABSTRACT
Sediment traps whose particle collection abilities had been calibrated in a laboratory flume
at velocities of 0, 4, and 9 cm /sec were deployed in natural bodies of water to intercalibrate
larger traps under current conditions ranging from tranquil to over 20 cm /sec. For cylinders,
the height to width ratio is the controlling factor of the mass of sediment collected. Traps can
be scaled up in size and maintain a similar (though not necessarily correct) collection rate. Increasing current velocity will alter the collection rate of a trap in a manner which depends on
the trap geometry. The size distribution of particles collected in traps is biased by trap geometry
with over-efficient traps collecting more fine particles (< 63µm) .

1. Introduction

Laboratory experiments have shown that the collection efficiency of a sediment
trap in moving water is primarily a function of its shape (Gardner, 1979). However,
the traps used in those experiments were smaller than most traps used in field experiments, and the flume was small compared to natural bodies of water. While it
is possible to scale the size of traps, it is not possible to model turbulence scales of
the two environments. It is also desirable to extend the range of particle size, flow
velocity, and particle concentration used by Gardner (1979). Field experiments can
easily compare collection rates between different shapes of traps (Pennington, 1974;
Johnson and Brinkhurst, 1971), but independent means of calculating the absolute
vertical flux are seldom available. Therefore, the approach used in field experiments
described here was to simultaneously deploy a set of standard traps with some of
the small containers whose trapping efficiency had been determined in the flume,
and thereby calibrate the standard traps.
2. Methods

E xperiments were made near Woods Hole, Massachusetts, in Oyster Pond, Great
Harbor and from the dock of the Woods Hole Oceanographic Institution (T able 1).
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Table 1. Conditions during trap experiments.

Depth of traps (m)
Meters above bottom
Concentration of suspended
particles * (mg / I)
Velocity range (cm / sec)
Length of deployment (hrs)

Great

Oyster
Pond

WHOI
Dock #1

WHOI
Dock #2

3.3
3.3

6.0
12.0

6.9
11.1

6.6
5.4

1.3

0.8
2-21
22

8.4

3.0
0-2
48

(2-21)**
18 .5

Harbor

***
22.5

* One sample at time of recovery.

** Based

on current measurements during WHOI Dock #2, which had similar tidal excursions.
deployment (16 cm / sec) , but currents up to 50 cm/ sec
have been seen at this site.

*** Only one measurement was made during

Oyster Pond was selected as a quiescent environment (Emery, 1969). Tidal motion
created variable currents in both Great Harbor and at the Woods Hole Dock. Currents were measured with a hand-held Savonius rotor current meter or by timing
the movement of particles past a one-meter rod. Maximum current measured at the
dock was 21 cm/ sec, but was generally less than 10 cm/ sec. Only one current
measurement (16 cm/ sec) was obtained during the Great Harbor experiment, but
experience indicates that currents are frequently much higher there than at the dock
(perhaps up to 50 cm/ sec).
At each site several containers whose trapping efficiency had been determined in
the flume were deployed along with a standard cylindrical PVC trap 25 cm wide
and 76 cm deep which was to be used in the open ocean (Gardner, 1977; Rowe
and Gardner, 1979). It was suggested to the author by Klaus von Brockel (Univ. of
Kiel, personal communication, 1975) that increasing the ratio of a trap's height to
its width, (H/ W), or aspect ratio, increased its collection efficiency. Although
neither experiments in tranquil water with cylinders of H/W ratios between 2 and
6 (Pennington, 1974; Davis, 1967; Kirchner, 1975) nor in moving water with
cylinders of H/ W ratio between 1.0 and 2.3 (Gardner, 1980) showed strong evidence for this (Fig. 1), observation of circulation within containers indicated that
in moving water larger H / W ratios might influence collection rates of cylinders
more. Therefore, PVC cylinders with diameters of 3.9 cm and 9.0 cm and aspect
ratios of 1.9, 2.9 and 5.9 were also tested.
During a second dock experiment three traps designed after the description of
Soutar et al. (1977) were also tested. Two of these were Plexiglas cylinders 9.4 cm
wide and 18 cm tall filled with seven 2.5 cm diameter Plexiglas cylinders which in
one case were sealed to the bottom of the large cylinder to form "closed cells" and
in the other case the small inner cylinders stopped 2.5 cm above the bottom to form
"open cells" or deep "baffles." The third cylinder had no smaller cylinders inside.
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Figure I. Volume of sediment collected in cylinders in tranquil water shows no systematic
trend as a function of H I W ratio. Error bars are from the stand ard deviation of two samples. Where there are no error bars the duplicates were identical. D ata from Pennington
(1974).

A large Plexiglas funnel (22.5 cm in diameter) with baffles was also moored at the
dock to test for scaling factors with smaller funnels.
a. Deployment of traps. The large traps were clamped to separate lines; the small
traps were secured at the ends of 1.2 m wooden crosses such that all trap tops were
level at about midwater. In Great Harbor and Oyster Pond the moorings were held
taut with subsurface floats. At the dock the moorings were anchored and tied off
to beams so that no vertical motion was possible. Rapid vertical motions or large
surface waves produce orbital velocities at the bottom of traps which can limit
deposition or resuspend particles within the trap.
Conditions at the time of each deployment are given in Table 1. With the exception of dock experiment #2, SCUBA divers placed lids on the traps before they
were retrieved. Sediment was lost from a few small traps during recovery, and these
were discarded except in two cases where minima are noted.
b. Sample collection and handling. The contents of each trap were filtered onto
precombusted, preweighed glass fiber filters. The filters were washed to remove
salts, then dried and reweighed. All data are in dry weight and are corrected for
weight losses determined by subjecting 10 blank filters to filtration of distilled water,
drying, and reweighing. Corrections were also made for the weight added by particles in the supernatant water in the traps, but this added weight was seldom over
10% of the total trapped weight. To test for particle size discrimination by sediment traps, the detritus collected during dock experiment #2 was wet-sieved through
a 63 µm sieve and sucked onto separate filters. The high organic content (5-20 % )
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Figure 2. The flux of particulate matter in Oyster Pond is shown as a function of HIW ratio.
Data for traps with variable H / W ratios are plotted along the ordinate. These traps, along
with the 3.8 cm cylinder were calibrated in a flume (Gardner, 1979). Dimensions listed for
noncylindrical traps are for the trap opening. No current was observed during deployment or
recovery.

caused cohesion among particles and made the sieving process somewhat subjective,
but all sieving was done by one person (the writer) to reduce operator variability.
Calculations for the trapping efficiencies of funnels included material collected
on the inner funnel walls. Under laboratory conditions a large percentage of the
material remains on the inner wall (Gardner, 1979), but only a minor portion of
the sediment stayed on the funnel walls in the natural environment. Shifting current
directions and mooring agitation probably caused the sediment on the walls to slide
down into the neck. Long-term deployment (> 1 week) of funnels in shallow water
(< 500 m) could allow production of surface slime which would cause more sediment to collect on funnel walls. Fine-grained particles are more likely to settle on
funnel walls.
3. Results and discussion

When the flux of particles collected in cylindrical traps is plotted as a function of
H / W ratio (Figs. 2-5), a positive correlation becomes obvious, but which traps
best measure the vertical flux?
In field experiments where the current velocity was similar to the range tested in
the flume (at the dock and in Oyster Pond), the cylinder and baffled funnels which
had been calibrated in the flume still had nearly matching collection rates, while
containers· with small openings and large bodies collected particles four to eight
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Figure 3. Data for first WHOI dock experiment plotted as described in Figure 2. Currents
were moderate (less than 15 cm / sec). The two funnels measured an identical flux. One of
the 25.1 cm cylinders had a baffle with 5 cm X 5 cm X 10 cm cells at the top while the
other cylinder was open. The orientation of the horizontal cylinder with respect to current
direction was unknown.

times as fast. Since the flume calibrations showed that the cylinder with a H / W
ratio of 2.3 and the baffled funnels collected particles at a rate equivalent to the
downward flux, it is concluded that containers which have collection efficiencies
similar to the calibrated containers also collect particles at a rate equivalent to the
downward flux when currents are less than 10 cm/ sec. Where currents are often
greater than 10 cm/ sec, such as in Great Harbor, an independent means of measuring the vertical flux has yet to be devised to determine which traps are most accurate.
Comparison with the calibrated traps indicates that cylinders with a H / W ratio
greater than about 3 are overtrapping (collecting more than the vertical flux) . At
high velocities (as in Great Harbor), cylinders with H / W ratios less than two may
undertrap as evidenced by the fact that such cylinders had lower trapping efficiencies
than a baffled funnel (Fig. 5) . The data suggest that after the H / W ratio exceeds
about four, the trapping efficiency approaches a maximum. This speculation has
been confirmed with experiments by Hargrave and Bums (1979). A possible reason
for this effect is that the depth to which mixing occurs in a cylinder is about four
times its diameter though this may be a function of velocity. The volume below
this level would have no influence on the collection rate as long as the concentration
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Figure 4. Data for WHOI dock #2 plotted as described in Figure 2. Currents were moderate
(usually less than 15 cm/ sec). Data in parenthesis indicate some sediment was lost during
sample processing. The 30.4 cm cylinder was deployed off Iceland in 1975. The 25.1 cm
cylinder with H I W ratio of 3 was used by Gardner (1977) and Rowe and Gardner (1979)
while the same diameter cylinder with H / W ratio of 2.5 was used by Richardson et al. (1978)
and in open ocean experiments by the author (unpublished data). Circles and rectangles represent data from cylinders unless otherwise pictured. The triangles are data from individual
cylinders within the larger cylinder pictured. Sediment collected in spaces between the inner
cylinders is plotted above the H! W for the small cylinders, but these semi-triangular spaces
actually had a H I W ratio of about 15.

of suspended particles was sufficiently low to prevent the formation of low-density,
particle deficient water which could rise through the cylinder and cause deeper
mixing (Gardner, 1979).
A velocity effect on the relative collection efficiency of cylinders can be seen
from the data in Figure 6 by making a ratio of the collection rate of cylinders with
aspect ratios of 5.9 and 1.9 for each experiment. The resulting ratios-1.3 in
Oyster Pond, 4.4 and 6.4 at the dock, and 15.1 in Great Harbor-have the same
increasing relationship as the current regimes at each site. This trend is probably a
combination of increased efficiency in taller traps and resuspension from the shorter
traps at higher velocities.
Trapping efficiency at higher velocities is more complicated and requires further
study. For instance, in currents above 50 cm/sec a vertical vortex circulation is set
up in the bottom of tall cylinders in addition to the horizontal eddies at the top
(von Brockel, personal communication). The vortex action may lift particles up and
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Figure 5. Data for Great Harbor plotted as described in Figure 2. This site had th·e highest
current regime, which may have resulted in scouring of the shortest cylinders.

out of the trap after they have been deposited during weaker currents. Low-density
and small particles would be preferentially winnowed out.
Davis (1967) tried to show that traps of different sizes were collecting particles
at a rate equivalent to the downward flux by plotting the dry weight collected as a
function of trap area. Her data points for any given collection period formed a line
passing through the origin. She logically assumed that the linearity of her data and
the intersection with the origin verified the accuracy of her traps. While it is possible that her traps were accurate in still water, when the data from the Woods Hole
experiments are plotted in the same manner (Fig. 6), the nearly linear relationship
holds only for cylinders with similar H/ W ratio. While this shows that cylindrical
traps can be scaled up in size and still collect at the same rate, it does not verify the
absolute collecting efficiency of traps.
a. Effect of baffles. The purpose of using baffles at the top of traps is to decrease
the size of turbulent eddies and rate of mixing within a trap. Flume experiments
(Gardner, 1979) showed that baffles with cell heights one to two times their diameter did influence the mixing and collection rate of funnels , but the major pattern
of circulation was not changed even when the cell heights were five times their
diameter. (Figure 4 shows a similar difference in collection rates between open and
baffled funnels.)
Three attempts were made to test the influence of baffles on cylinders. Cylinders
25 cm wide were moored at the dock; one had no baffle and the other had a baffle
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Figure 6. The mass collected per unit of trap opening extrapolates to zero quite well for
cylinders with the same H I W ratio, indicating th at the trapping dynamics are similar in
cylinders which have been scaled up in size. The ratio of mass collected in the cylinder with
the largest H I W ratio to the mass in the cylinder with the smallest ratio increases according
to the current regime, from tranquil Oyster Pond to energetic Great Harbor.
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with square cells 4 cm wide and 8 cm deep. The collections were identical in weight
and are represented by a single rectangle in Figure 3. This baffle filled only the top
10% of the cylinder.
A year later, three Plexiglas cylinders were made as described earlier. These
cylinders showed an increase of two to four times when the baffles extended to 2.5
cm from the bottom (Fig. 4). Sealing the baffle to the cylinder base to form closed
cells further increased the collection efficiency by almost another factor of two. The
data points for the latter container best fit the trend for cylinders when they were
plotted at the H/ W ratio of the cells making up the baffle. The space between the
cylinders had an even larger ratio than the cylinders (about 15), and caught sediment at a higher rate. The third experiment used cylinders 17.5 cm tall and 0.9 cm
in diameter (H/W = 1.9). One had no baffle and the other had a honeycomb baffle
used by Soutar et al. (1977) with 1 cm x 5 cm cells. The cylinder with baffles collected 6.0 times as much as the open cylinder.
Baffles can therefore increase the flux measured with a trap by several times. The
flux increases as the H/W ratio of the baffle cells increase and as the portion of the
trap occupied by the baffle system increases.
b. Discrimination of particles. In flume experiments (Gardner, 1979) it was calculated that, in moving water, only a very small percent (on the order of 0.01 % ) of
the particles which enter a trap remain there. For traps to measure accurately the
vertical flux, they must extract only those particles responsible for the vertical flux
at that point. Traps could also yield the correct vertical flux value by collecting a
mass of particles equivalent to the vertical flux for the area of the trap. It must then
be determined whether the particles collected are representative of the particles
falling through the water column, or if they are just equivalent in mass. The chemistry, size, and morphology of particles collected with traps are significantly different from particles collected in water bottles near the traps (Gardner, 1977), and
indicate that traps are collecting large falling particles and not just collecting an
equivalent mass of suspended particles. There is, however, insufficient information
to know what the absolute difference should be between particles from bottles and
traps, so a quantitative evaluation is not possible at this time.
When the collection rate of particles greater than or less than 63 µ,m is plotted
against H/ W ratio, the same general trends appear as with the plot of total sediment
(Fig. 4). However, if the ratio of sediment >63 µ,m /<63 µ,mis plotted against H / W
ratio (Fig. 7), there are some noticeable differences. Containers that appeared to
overtrap particles, notably those with small openings and large bodies, tended to
collect more fine material than other containers, reinforcing the idea that the long
residence time in traps allows more particles, especially the fines, to settle out. Conversely, the rapid fluid exchange in the funnel with no baffles allowed very little
fine detritus to be retained, as is indicated by the high ratio (12.8) of large to small
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Figure 7. The ratio of the weight of particles > 63 µm to the weight of those <63 µm is plotted against the H I W ratio in the second dock experiment. Data plotted as in Figures 2 and 4.

particles. The percentage of fine particles collected in the cylinders with a 9 cm
diameter increased with increasing H / W ratio, suggesting an overcollection of fines.
However, the opposite trend occurred for most cylinders with a 3.9 cm diameter.
Deep baffles in cylinders caused a larger percentage of fines to be collected than
were found in open cylinders.
4. Summary and conclusions

By using some of the containers calibrated in controlled flume experiments
(Gardner, 1979), it was possible to assess the collection rate of larger traps in the
field when flow velocities were similar. From these experiments it was determined
that:
1) The most important factor controlling the trapping efficiency of a cylinder is
its H / W ratio.
2) Cylinders appear to yield accurate measurements of vertical flux if their H/W
ratios are between two and three. There will be differences even over this range,
and the best choice may depend on the velocity regime, with taller traps being used
at higher velocities to prevent resuspension.
3) The effect of baffles is highly dependent upon their design. The cells of a
baffle should have a H/W ratio >2 to influence the response of a cylinder, but if
the H/W ratio is too large (about 6), or if the baffle penetrates too deeply into the
trap, it may overtrap the fine particle fraction, and perhaps the coarse fraction also.
Baffles can also help exclude large migrating animals which might live or feed in
a trap.
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4) Containers which overtrap particles appear to be overtrapping particularly in
the small (<63µm) size range.
What, then, is the "ideal" trap? From the above it is obvious that the process of
particle trapping is complex. A sediment trap does not approximate the sea floor
in the manner in which particles are collected because of differences in geometry,
boundary-layer structure, and turbulence and roughness scales. There may not be
a unique trap design with an ideal response under all conditions of velocity and
turbulence, but some guidelines for trap construction can be suggested.
1) A trap with axial symmetry is least likely to create biasing problems due to
~hanging currents. Symmetry should also be maintained in the mooring configuration. If replicate traps must be used at the same level, they should be at least three
diameters apart (Gardner, 1979), or flow interference is likely to alter their efficiency.
2) Cylinders most accurately yield the vertical flux in flows up to 15 cm/sec if
their H/ W ratio is between two and three (see 2 above).
3) Funnels are effective as long as baffies are used, but have the disadvantage
that particles may settle on funnel walls depending on depth of deployment, trap
turbulence, and particle site. Funnels have the advantage of concentrating a sample,
simplifying the in situ poisoning of samples, and reducing the area of the trap to be
sealed off during recovery. In a concentrated sample, however, anoxic conditions
can occur which may alter the sample. Chemical problems are beyond the scope of
this study.
4) Traps should be deep enough to prevent incoming eddies from scouring the
collection surfaces. Baffies can help accomplish this.
5) See 3) from field results for the effect of baffies.
6) Traps with small mouths and wide bodies appear to overtrap and are not
consistent in their collection rate.
7) Large surfaces around the opening of a trap should be eliminated because
particles can collect there and be swept into the trap later.
The use of traps in the field also requires some caution. The flux of new particles
to the sediment surface is not necessarily equal to the net sedimentation rate of the
region or the accumulation rate. Net sedimentation may include sediment resuspended elsewhere and carried in horizontally. The accumulation rate is the net
sedimentation rate minus the effects of dissolution and biodegradation and is best
measured from sediment cores.
To sample the particles falling to the sediment-water interface, one must position
a trap above the level where particles are resuspended vertically or advected in from
higher topographic regions. In the deep ocean this may be 100 to 1500 m above
the bottom (Eittreim and Ewing, 1972), and it can make interpretation of fluxes
measured in active lakes and on the continental shelf difficult because there may
not be a decoupling of processes of resuspension from the rest of the water column.
In any active area deposition of resuspended sediment can be many times greater
than the deposition of new particles.
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Unless there are significant differences in the turbulence scales (on the order of
the trap size or larger), or in surface wave action, the means by which a trap collects particles is the same throughout the water column. A trap creates a microenvironment, and, at a given velocity, once a parcel of water approaches a trap
(within about one-half trap diameter), the effect of the trap dominates the water
~and particle) motion, particularly inside the trap.
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