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ABSTRACT

This article is aimed at established sediment trap specialists as well as young learning scientists.
The development of sediment trap techniques and hydrodynamics are briefly reviewed, with spe-
cial emphasis on the experimental and in-situ trap calibration. The ongoing controversy within the
trap community on the validity of flux data obtained by sediment traps can only be overcome by
understanding the effects of hydrodynamics on the entrapping of settling particles in turbulent
waters. A proper trap protocol is still missing. Also, the problems of entering swimmers and pre-
servatives are not yet fully solved. Innovative ideas and robust data are needed to improve our
knowledge on trapping efficiency, particle settling flux data, and the interpretation of lake and
oceanic nutrient cycles. It is emphasized that controversial papers should be published when based
on documented experiments and/or theory applied.

Historical background of sediment trap methodology

The desire to measure sedimentation rates of particulate material in lakes emerged
at the turn of this century (Heim, 1900). At the same time, Prandtl (1904) published
the boundary layer concept, which was mostly applied to moving waters. From the
early days to the 1950-ies, sediment traps were simple containers without a concept
of their function or preferred geometries, encompassing square boxes, jam jars,
vessels and plastic bags. The goal was to just collect settling material (see review in
Bloesch and Burns, 1980). There were no questions asked about the influence of
turbulence and flow on the trapping efficiency. After that early stage, sediment
traps have been considerably improved by two major steps.

First, sediment trap technology emanated in the early 1970-ies, when sediment
traps came more and more in use. E.g., Peck (1972) tested a field sampler, original-
ly designed for particles carried in airflow, as a sediment trap in water, stressing the
similarities between the turbulent flow of air and water. The misconception that
traps either act as a “snow fence”, accumulating settling particulate material, or as
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a “rain gauge”, was overcome later: the vertical settling velocities of particles are
1-6 orders of magnitude smaller than horizontal currents in water, whereas
settling velocities of snow and rain are nearly the same as horizontal velocities of
wind (Gardner, 1977; Bloesch and Burns, 1980). Gardner and Southard (1975),
Gardner (1977; 1980a) and Hargrave and Burns (1979) first performed flume and
settling tank experiments with sediment traps, thereby introducing the problems
related to trap configuration and behaviour of moving fluid with suspended and
sinking particles. In 1980, three independently published papers compiled and
reviewed the existing trap literature (Bloesch and Burns, 1980; Reynolds et al.,
1980; Blomqyvist and Hakanson, 1981). The experiments of Gardner (1977, 1980a)
with fluorescein dye and of Lau (1979) with oil droplets identified the turbulence
patterns and showed in qualitative way the eddies created inside the traps. Only
later, Hawley (1988) quantified the eddies with potassium permanganate dye ex-
periments, and Gust et al. (1996) provided quantitative numbers on flushing rates.
In the early 1980-ies the state-of-the-art in understanding traps was that the trap
geometrical form should be a simple cylinder with an appropriate diameter
(25 cm) and an aspect ratio (= height/diameter) >5:1 to ensure the best particle
collection efficiency, i.e. to prevent overtrapping or undertrapping. The term effi-
ciency refers to the “real” particle settling flux, present without a trap, which can
only be measured in an experimental setup (Gardner, 1980a; Butman, 1986; Gust et
al., 1996) or estimated in-situ by comparison with other methods such as scavenging
of radiotracers (Buesseler, 1991; Buesseler et al., 1992, 1994, 1995; Michaels et al.,
1994; Murnane et al., 1996). In agreement with Gardner (1980a), Bloesch and Burns
(1980) concluded that bottle-like traps are overtrapping, while funnels are under-
trapping considerably; Butman (1986) later confirmed these findings. At this time,
traps were mostly used in lakes which are much less turbulent systems than are
oceans.

Second, progress in trap technology was achieved by quantifying the effects of
the trap internal eddies, caused by the horizontal currents approaching a trap, on
the trapping efficiency. In the 1980-ies, the early sediment trap experiments of
Gardner and Southard (1975), Hargrave and Burns (1979) and Gardner (1980a)
were later substantiated in flume experiments by Butman (1986) and theoretically
by Butman et al. (1986). Concurrent oceanic field calibration experiments were
published by Gardner (1980b), Baker et al. (1988), and Gust et al. (1994). It was
proposed that, apart from the trap aspect ratio and the current velocity of the
approaching fluid, also the dimensionless trap Reynolds number Re, = u;- D/v (u; =
flow speed at the height of the trap mouth; D = trap mouth diameter; v = fluid vis-
cosity) is an important parameter affecting the particle trapping efficiency. Baker
et al. (1988) confirmed Butman (1986) and Butman et al. (1986) that increasing cur-
rent speed and trap Reynolds number as well as increasing particle settling velocity
decreased relative trapping efficiency. However, the problem of an absolute meas-
ure of the in-situ flux remained elusive. The traps became a familiar instrument not
only for limnologists, but also for oceanographers (e.g. MultiPIT: Knauer et al.,
1979; PARFLUX MARK II: Honjo et al., 1980; Jannasch et al., 1980; VERTEX:
Martin et al., 1987). Since the oceans are deficient in settling particles and require
large collection areas to provide adequate particle masses during the limited period
of trap deployment, the traps used in the oceans were preferably of the funnel type;
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to minimize the undertrapping of funnels baffles were installed at the top of the
traps (Honjo et al., 1980; Bruland et al., 1981; Honjo and Doherty, 1988). Based on
the practical and theoretical experience of Gardner (1980a, b) and Butman (1986;
Butman et al. 1986) baffles on top of funnels were known to damp large energetic
eddies and improve trapping efficiency to a large degree dependent upon the baffle
design. However, Butman (1986) pointed out that baffles increased between-repli-
cate variability of collection efficiency. Further disadvantages of funnel type traps
are the problems in defining the collection area, adhesion of particles to funnel walls
and possible resuspension. In less turbulent coastal areas cylindrical traps similar to
those used in lakes usually were deployed (Wassmann, 1990, 1991; Heiskanen, 1994).

Field calibration in lakes also included the measurement of resuspended bottom
sediments, the secondary particulate matter flux when compared to the primary
flux originating directly from the upper productive layers (Gasith, 1975). Flower
(1991) used traps with a low aspect ratio and could quantify a “real” settling flux
which he found to be equivalent to the natural sediment accumulation rate inferred
from dated sediment cores. In this respect, bottom currents, internal seiches and
boundary layers, i.e. primary causes of sediment resuspension, were studied exten-
sively in lakes (Lemmin and Imboden, 1987; Gloor et al., 1994; Imboden and Wiiest,
1995; Weyhenmeyer et al., 1995, 1996) as well as in the oceans (Caldwell and Chriss,
1979; Johnson, 1984). Substantial contributions for measuring particle export and
resuspension in nepheloid layers of oceans were published e.g. by Gardner et al.
(1983b), Richardson and Hollister (1987), Walsh et al. (1988), Gardner (1989), and
Gardner and Richardson (1992). Reviews of sediment resuspension in combination
with trap methodology have been given by Bloesch (1994, 1995). There was no rele-
vant outcome for improving the existent trap protocols. The work performed,
however, elucidated the origin and composition of the entrapped material, which is
strongly influenced by the exposure site and depth of the traps.

The ever lasting problems of algal growth attached to the trap walls (White
and Wetzel, 1973), entering swimmers (Lee et al., 1988; Karl and Knauer, 1989;
Michaels et al., 1990; Hansell and Newton, 1994; Peterson and Dam, 1994; Buesse-
ler et al., 1994; Michaels and Knap, 1996), and application of preservatives to pre-
vent decomposition of entrapped organic matter (Gardner et al., 1983a; Knauer et
al., 1984; Karl et al., 1988; Gundersen and Wassmann, 1990; Lee et al., 1992; Hedges
et al., 1993; Wakeham et al., 1993) were pursued in more detail. Petersen et al.
(1993) evaluated valved sediment traps, which excluded large zooplankton by 88%,
on average, relative to non-valved control traps. The problems associated with the
addition of brine, used to allow for a stable quiescent zone at the bottom of traps
have been extensively studied by Gardner and Zhang (1996). Also, the question
whether traps catch particles size- and/or density-selectively has been addressed
(Blomqyist and Kofoed, 1981). The behaviour of sinking particles in eddies entering
a trap is dependent on fluid drag and gravity-buoyancy, and more dense particles
may spiral outwards, and larger or less dense particles may spiral inside to the orbit
center (Tooby et al., 1977), thus causing undertrapping of small, dense mineral par-
ticles and overtrapping of large, light organic particles. The effects of tilting traps
was discussed as a further significant bias in quantifying settling flux (Gardner,
1985). Most of these uncertainties were identified and discussed at the U.S.GOFS
meeting at the University of Southern Mississippi in November 1988 (U.S.GOFS,
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1989), and the first International JGOFS Symposium in Villefranche sur Mer in
May 1995 (Gardner 1996; see also IOC, 1994). All these efforts were leading to
recommendations, individual evaluations, and proposed research topics on trap
methodology; however, many of the swimmer and preservative issues as well as the
hydrodynamic issues remain puzzling. A comprehensive compilation and comment
of the existing trap techniques was also presented in Rosa et al. (1994).

A new area of trap design developed along the line of sequential or time-inte-
grating sediment traps (Zeitzschel et al., 1978; Jannasch et al., 1980; Honjo et al.,
1980)!. They basically allow for measuring short term pulses of particle mass
accumulating in sediment traps; however, there is still need to improve the sample
preservation techniques and to prevent malfunction of the electronical and/or
mechanical rotation sampling systems. A specific problem rises with sequential
funnels, since material adhering to funnel walls cannot be assigned to the single
sample tubes. These sequential sediment traps have been used since to collect zoo-
plankton in remote arctic areas (Forbes et al., 1992). Recently, Hargrave et al. (1994)
developed a current-activated sediment trap that collects particles based on pre-
selected current speed and direction criteria. Sedimentation peaks can thus be clear-
ly related to wind and tide events. An even more interesting application of sediment
traps has been suggested by Cranford and Hargrave (1994), who converted sequen-
tially sampling traps into a BIOTRAP to conduct feeding experiments on bivalves.

Trap calibration and hydrodynamics

The problem of trap configuration appeared to be solved in the 1980-ies — for no
obvious reason other than a consensus by the leading scientists based on the Gard-
ner and Butman data and a lack of instruments to probe deeper. There was and still
is no data set permitting final conclusions that traps are perfect interceptors of sett-
ling particles, despite of considerable efforts to deal with this complex issue
(U.S.GOFS, 1989; 10C, 1994; Gardner 1996). However, the problem resurfaced

Presently, the following sequential sediment traps (20— 24 samples) are available on the market

(this list does not claim to be complete):

1. SALZGITTER sediment trap, various sizes, funnel (Salzgitter Elektronik GmbH, P.O. Box
160, D-2302 Flintbek, Germany).

2. TECHNICAP PPS sediment trap, various models, funnel (Technicap, 4 Avenue J. Abba,
F-06320 Cap d’Ail, France).

3. “KIEL” SEDIMENT TRAP, various sizes, funnel (Aqua Tec Meerestechnik GmbH,
Miihienkappel 13, D-24147 Klausdorf, Germany; Markasub, Bachlettenstrasse 8, P.O. Box
112, CH-4011 Basel, Switzerland).

4. PARFLUX MARK 7G-21 time-series sediment trap, various models, funnel (McLane, Re-
search Laboratories, Inc., 296 West Falmouth Highway, Falmouth, MA 02540, USA).

5. AQUATEC sediment trap, various sizes, funnel (Aquatec Meerestechnik GmbH, Hamburger
Chaussee 25, D-24220 Flintbek, Germany).

6. HYDRO-BIOS multi sediment trap, also as single bottle version, cylinder (HYDRO-BIOS
Apparatebau GmbH, Am Jigersberg 5-7, P.O.Box 8008, D-24154 Kiel-Holtenau, Germany).

7. “EADIE (1997)-Trap: 8” diameter cylindrical device with 23, independently programmable,
collection bottles (Great Lakes Engineering, Orest-Chapelsky, owner. Ann Arbor, Michigan,
U.S.A. 48103).
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after intensive trap flux studies and compilation of Thorium calibration data in the
oceans (e.g. Biscaye et al., 1988; Buesseler, 1991; Wei and Murray, 1992; Buesseler
etal., 1992, 1994, 1995; Michaels et al., 1994; Biscaye and Anderson, 1994; Gardner,
1996: While the Thorium modeled fluxes apply only to the upper 70-200 m, i.e. to
the depth of disequilibrium in the open turbulent ocean, the Thorium scavenging
method covers greater depths.) The circulation through the interior of the trap was
seen to affect the behaviour of settling particles and to bias settling flux measure-
ments in an untolerable way in strong currents, as normally found in the oceans
(Johnson et al., 1991; Gust et al., 1992). Data from cylindrical traps were not com-
patible with fluxes derived by other methods, seemingly undertrapping significant-
ly because of poorly understood hydrodynamic biases of the arrays (Michaels et al.,
1994; Gardner 1996). On the other hand, in flume studies Gust et al. (1996) inferred
that cylindrical traps over- and undertrap based on the settling velocity of the sinking
particle ensemble, and that trap Reynolds number similarly may not hold. The use
of funnels, baffles and free-drifting (tethered) traps (Staresinic et al., 1982) enlarged
confusion and highlighted the problem of a missing trap protocol as well. A most
interesting approach of measuring vertical and horizontal particle flux by using traps
with openings either on top, at the bottom and on the side walls was presented by
Gardner et al. (1996); but the reason why traps with sealed lids yield flux values
comparable with “normal” cylindrical traps is hydrodynamically not fully understood.

This state of affairs suggests that researchers with hydrodynamical background
take a closer look at the wide scatter in flux data and their interpretation. It appears
to be necessary to go back to the experimental and numerical level, to study the
mechanisms of fluid and particle movement around and within traps, to evaluate
current trap designs and concepts, and to develop new ones if needed, all of
which should be tested in situ for the role of hydrodynamics in connection with the
Thorium technique.

Ethics of publishing controversial papers

A major scientific controversy originated from the experiments of Gust et al.
(1996). Specifically, their new particle seeding-technique was accused to bias their
results, since these were claimed to be contradictory to the findings of Butman
(1986), who used the traditional flume-seeding technique. The important question
for sediment trap users is, whether Gust’s findings of increased trapping efficiency
with increasing horizontal flow velocity and increasing trap Reynolds number is
new hydrodynamical understanding or simply an artifact. For further experimental
and scientific details I refer to Gust et al. (1996), where both data sets are compared.

Controversies often evolve in science and have to be resolved not only since
Galileo Galilei’s famous statement that the planet earth is a globe, and not a disc.
Controversy is the nucleus of either new insights or confirmation of current know-
ledge. The quest for a trap calibration protocol and current lack, or, alternatively, an
adequate foundation for such a protocol, lies at the heart of the still unresolved issue
on trap accuracy. Any opposing views should be based on evidence represented by
facts, and should not degrade into a debate on who is “right” and who is “wrong”
which polarizes the community into “believers” and “non-believers”.
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In the specific case, a number of reviewers tried to hinder the publication of the
Gust et al. (1996) paper, so as to “escape” the controversy or “solve” the problem
in the sence they thought it should be solved, evidenced by one major statement of
an anonymous reviewer, that such a publication with a supposedly wrong experi-
mental design, would add more confusion to the scientific world and therefore must
not be published.

Being aware of the often painful routes of scientific history, it is my deep feeling
that controversies must be discussed in public, since they typically form the nucleus
of progress. Many new ideas, strongly objected at first by the established scientific
community, provided break-throughs at later times. It is, in my opinion, not the
major question, whether a newly introduced experimental design is wrong or right;
the basic question is (unless the “offending” article is obviously ignoring funda-
mental natural laws) that of academic rigor and style, meaning that an author is
allowed to publish, to defend his results in public, to suffer self-afflicted failure or
to earn the merits of new progress. Such a paper, when respecting the rules and
quality standards of scientific publications, should not be judged by anonymous
review. It is common, rather, and should be further encouraged, that objecting
scientists (including referees) can publish their arguments in a comment paper, and
the author can reply accordingly. It is subsequently up to the readers to decide
which data base they should select as foundation for their own trap-related pursuit
of knowledge and research.

As referee of several of the aforementioned publications, I could gain insight
into this specific progress, and have managed to get the Gust et al. (1996) paper
published. While scientists of the trap scene nearly unequivocally agree on the need
to have a proper trap protocol, the same data sets are often interpreted differently
(see e.g. Gardner and Zhang, 1996; Gardner et al., 1996). The debate who refutes
whom should be discussed in the forum of scientific journals. The discrepancy in
opinions and data interpretation may reflect the different ways of thinking in two
disciplines. While we cannot resolve these discrepancies at present, they should
provoke further research into the calibration of sediment traps and the search for
an acceptable trap protocol.

Particle settling flux in lakes and oceans — why a protocol?

At this stage of the discussion, it may be necessary to provide some information on
the importance of particle settling flux in lakes and oceans. It is important to realize
that the striking differences of these two systems, with regard e.g. to currents as well
as particle concentration, size, and physical/chemical or biological transformation,
do not only reflect the different use and practice in trap methodology, but also a dif-
ferent direction of research and interpretation of flux data. Baines et al. (1994) have
characterized the difference between lakes and oceans with regard to planktonic pri-
mary production and carbon sinking flux: the settling rates in the oceans are 2-3 fold
higher, as nutrient recycling and nature of settling material are different. While in
most lakes the seasonal pattern of primary production is reflected by the flux of par-
ticulate carbon (Bloesch et al., 1977; Stabel, 1985), Karl et al. (1996) recently found
a decoupling of particle production and flux in the subtropical North Pacific Ocean.
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In lakes, major topics for the use of sediment traps so far have been the
phosphorus, nitrogen and carbon cycles (Bloesch et al, 1977, Gichter and
Bloesch, 1985; Fukushima et al., 1989; Urban et al.,, 1996), heavy metal and
radionuclide scavenging (Sigg, 1985; Sigg et al., 1987; Santschi, 1989; Wieland et al.,
1993), settling behaviour of algae (Bloesch, 1974; Reynolds, 1984), calcite forma-
tion and aggregation triggered by diatoms (Kelts and Hsii, 1978; Stabel, 1985), and
bottom sediment resuspension and sediment focusing (Davis et al., 1985; Hilton et
al., 1986; Gdlvez and Niell, 1992; Kozerski, 1994; Bloesch, 1995; Weyhenmeyer,
1996a, 1996b). All this work was aimed at understanding metabolism and func-
tion of specific lake ecosystems in order to find measures to solve eutrophication
problems.

In oceans, main topics have been particle aggregation (“marine snow”: Honjo,
1982; Asper, 1987; Alldredge and Gotschalk, 1988; Karl et al., 1988; Shanks and
Edmondson, 1990), benthic food chain dynamics (Graf, 1992; Cranford and
Hargrave, 1994), and trap calibration studies (as outlined above). Major impor-
tance, however, is attributed to the harassing question of new and export produc-
tion (Wassmann, 1990), i.e. whether the oceans are a sink or a source of CO, with
regard to the greenhouse effect (Michaels et al., 1994). This is the reason why emo-
tions are so high with respect to judging the precision of sediment trap data: they are
crucial for establishing the uncertainties in the prognosis of our predictive models,
which in turn will not only concern the scientific community, but also affect politics,
and humans at large. Mass balance calculations need, by all means, to respect also
other components than settling flux, such as vertical zooplankton migration, advec-
tion, and turbulent mixing (Michaels et al., 1994; Gardner, 1996).

It has been stressed for both lakes and oceans that apart from the trap cali-
bration problems spatial and vertical in-situ differences in settling flux con-
tribute to the variability and absolute flux. Bloesch and Burns (1980) explained
that traps placed in the epilimnion of a lake tend to overtrap to an unknown
and variable degree as they are subject to Langmuir circulations; and that there-
fore traps should not be deployed in the turbulent mixing layer. Similarly, Gardner
and Richardson (1992) stated that flux cannot be accurately measured with traps
when deployed in the turbulent mixed-layer of oceans that keep particles in
suspension. There is growing concern about the accuracy of fluxes measured with
traps in the upper ocean (Buesseler, 1991; Michaels et al., 1994). As Gardner (1996)
points out other factors such as large-scale flow and related tilt and mooring
dynamics may be more important than trap Reynolds numbers; also, hydro-
dynamic effects are particle selective and may be very different on aggregates
than on solid particles such as fecal pellets. As mentioned above, traps deployed
in the nepheloid layers measure both primary and secondary flux, which should
not be mixed up with overtrapping. The magnitude of spatial inhomogeneity
(patchiness) of settling flux is unknown for the oceans, according to Gardner (1996).
Certainly, there is spatial heterogeneity, but it does not answer the question of
trap accuracy. Bloesch and Burns (1980) report methodological variability of
parallel traps in the same mooring, and in parallel moorings in lakes several 100 m
apart beeing usually within 10%. However, significant horizontal sedimentation
differences exist over larger scales, including the pelagic and littoral (Bloesch and
Uehlinger, 1986).
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Accuracy of sediment traps and other instruments or methods

It is well accepted that any results and interpretation of data should originate from
a proper method. It is recognized as well that all experimental methods have an
uncertainty limit or error margin, and that one should try to minimize this error at
its best. For example, if I compare the potential methodological errors of sediment
traps with those of the O,-method and *C-technique used for measuring primary
production, which is as important for the interpretation of global C-fluxes, I come
to the conclusion that the latter is most probably afflicted with as many artifacts
as the trap method (e.g. enclosures of algal microcosms; temperature, light and
pressure shocks; UV-inhibition; extrapolation-models for daily, monthly and yearly
production; etc.; for details see Vollenweider, 1974; Schwoerbel, 1994). The pub-
lished primary production data show very large scattering and may include standard
deviations of up to 100% under given in-situ conditions (P. Bossard, pers. commu-
nication), whereas traps exposed in less turbulent waters than open oceans yield
standard deviations of less than 20% (Bloesch and Burns, 1980). However, it is
not a question of discarding traps, since they are useful and there is actually no
methodological alternative for studying the sinking velocity of settling particles and
their behaviour, such as aggregation, adsorption and particle transformation, and to
elucidate particulate matter flux in various depths of lakes and oceans. The collec-
tion of particles by centrifugal pumps (Rosa et al., 1994) may be used for specific
questions, however, the artificial stress (e.g. aggregate break-up) on the particles
during collection may bias the findings significantly. Also, dating techniques and
balance calculations to obtain sediment accumulation rates in lakes are subject
to various uncertainties (Bloesch and Evans, 1982; Dillon et al., 1990; Michaels et
al., 1994).

The most crucial point, however, is to execute correct measurements and precise
quantifications of the settling flux to supply numerical models with adequate input
data. What then can be considered as the “correct measurement”? Since there is no
absolute reference at present, we have to calibrate the settling flux measured by the
current trap methods with that measured by another method, e.g. mass balance
calculation and bottom sediment accumulation for lakes (Bloesch and Evans, 1982;
Dillon et al., 1990), or radionuclide scavenging in oceans (e.g.: Wei and Murray,
1992; Buesseler et al., 1994; Gardner, 1996). On one hand, we have to accept the fact
that a sediment trap, as any other instrument, has an instrumental error, which we
have to minimize. On the other hand, all calibration methods have an error of their
own. It is surprising, then, that in most trap calibration works, the reference values
from other methods are considered as 100% “true”, while the difference is attri-
buted to the trap method, which is considered to measure “wrong” results. Yet, the
hydrodynamic effects, where looked into with appropriate tools on-line, appear to
be real and request to be addressed.

Future perspectives: Towards a new sediment trap protocol

From the preceding explanations and evaluations I conclude that a new trap pro-
tocol is necessary, as a simple state-of-the-art in understanding sediment trap per-
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formance is not possible. At present, the founded basis of further trap research is
the cylinder with appropriate dimensions (diameter > 5 cm; aspect ratio >5:1). Yet
apart from the old, unresolved problems of decomposition (preservatives) and
entering swimmers biasing the collected material, new issues on trap non-perform-
ance emerged. For example, flow, flow entry, hydrodynamics inside traps, trap
Reynolds number, trap array particulars, trap devices with sealed lids and sinking
particle pool all mix up the picture from which it is impossible to obtain simply and
easily the flux. As the process of particle settling in turbulent water bodies is rather
complex, it is still debated, whether turbulence increases or decreases settling velo-
city (Bloesch and Burns, 1980). An obstacle such as a trap does not facilitate the
situation for determining the true settling flux of particles. A combination of cur-
rent meters and traps, as presented by Hargrave et al. (1994) and recommended by
Gardner (1996), may help, to elucidate the process and measurement of particle
flux, especially if compared with the Thorium technique.

The progress towards a new generation of sediment traps requires three avenues.
First, further hydrodynamical laboratory experiments are needed to better
understand the particle collecting mechanisms and trapping efficiency. I feel that
the cylinder will remain advantageous over funnels and bottles, as the collecting
area is well defined and the bias by currents seems to be simpler than with more
difficult geometrical designs; the baffled funnel may remain favorable in oceans
because of focusing the spare particles. Second, in-vitro experimental data need to
be extrapolated to in-situ conditions. Gust et al. (1996) have tried to identify the key
parameters involved and (so far) have suggested an ensuing semi-empirical correc-
tion model for the in-situ flux derived from cylinders. Third, we need further inno-
vative field calibration techniques, possibly linked with new designs of trap de-
ployment and moorings. Neutrally buoyant drifting sediment traps have been
recently introduced (Diercks and Asper, 1994). Moreover, truly free-floating
platforms with traps attached, adjusting their buoyancy to compensate particle
weight, are being developed and are soon ready to be tested in the field up to 400
m water depth (G. Gust, pers. communication). They should provide an environ-
ment of zero slip velocity to the trap. Further recommendations are given in
U.S.GOFS (1989), IOC (1994), and Gardner (1996).

In conclusion, there is only one direction to pursue: To promote further experi-
mental, numerical and in-situ studies for trap calibration and methodological im-
provements, to publish controversial results in order to maintain a fruitful discus-
sion, to stimulate scientists to perform and interpret further trap and flux studies,
and to include as many as possible disciplines (such as physics and hydrodynamics)
in the efforts towards more efficient trap protocols. I truly hope that this article con-
tributes to meeting this perspective and expectation.
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