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ABSTRACT. Since the pioneering attempts to obtain quantitative soft-bottom sediment samples at  the 
beginning of this century, many different devices for sampling soft bottoms have been presented. Most 
techniques, however, yield semi-quantitative samples only. For studies dealing with certain aspects of 
microlayering, freezing in situ seems to be a good method. In more general studies, quantitative 

samples appear to be best obtained using instruments based on the coring principle. Improper handling 
or faulty design of the conng device, however, results in unrepresentative samples. Major factors in b ~ a s  
are (1) loss of surficial sediments. ( 2 )  redistribution, resuspension and loss of enclosed sediment, ( 3 )  core 
shortening, and ( 4 )  repenetratlon. Frictional drag and consequent smearing against the coring tube is 
also a potential source of error General design features improving the reliability of sampling are a 
supporting stand and, when dealing with open corers, an  unimpeded water flow through the sample 
compartment. Box corers appear best suited for sampling certain macrofauna and sediments of coherent 
and silty/sandy character. Adequately designed and properly operated tube corers are  the most 
versatile instruments at present. A general concern, however, is that coring tubes enter and penetrate 
the sediment carefully and slowly. Under favourable conditions, an  open-barrel gravity corer can be  
used for sampling the unshortened upper layer, in combination with a larger box corer and subsequent 
piston-coring technique for sampling the underlying layers. When sampling under less favourable 
conditions, or when extreme care is required, the corer must be based on a structure with a supporting 
stand, which permits the device to settle on the bottom before the coring tubes enter the sediment. 
Mounting an underwater video camera as a standard on such devices is recommended since l t  enables 
visual inspection and recording of each sampling. Other tested means and promising improvements in 
instrument design to improve sampling reliability are also discussed. 

INTRODUCTION 

'It  is now rather well understood by benthic 

ecologists that their subject is urgently in need of 

some introspection and in particular that its 

technique and methodology do not match the 

scope and importance of its subject-matter, 

whjch embraces the study of the fauna living on 

perhaps four-fifths of the surface of the planet. ' 

A. R. Longhurst (1964) 

Acquisition of representative soft-bottom samples is 

the fundamental prerequisite for much research in 

aquatic ecology, geochemistry and environmental sci- 

ence, as well as for related historical investigations, 
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conducted in marine and limnic environments. The first 

recorded attempts to obtain quantitative samples date 

from the beginning of this century (Petersen & Jensen 

1911, Petersen 1913, Ekman 1915, Naumann 1917). 

Today, the demand for quantitative benthic samples is 

evident in countless studies dealing with e.g.  abun- 

dance of benthic organisms, nutrient and metal 

dynamics, fate of pollutants, historical monitoring, etc. 

False conclusions are a n  obvious risk if such studies are 

based on biased field samples. 

The widely felt need to obtain soft-bottom sediment 

samples has led to the development of a large variety of 

techniques for sampling soft bottoms. The literature on 

this topic is therefore extensive (see bibliographies by 

McIntyre 1970, Elliott & Tullett 1978, 1983, Rosenberg 
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1978), and a wealth of reviews has been published (e.g. 

Apstein 1907, Steiner 1919, Pratje 1924, 1938, 1950a, 

Lundqvist 1925, Naumann 1930, Wasmund 1932, 

Hough 1939, Twenhofel & Tyler 1941, Welch 1948, 

Hvorslev 1949, Holme 1951, 1964, 197 l ,  Dietz 1954, 

Gunter 1957, Thorson 1957, Barnes 1959, Cummins 

1962, Faegri & Iversen 1964, Hopkins 1964, Longhurst 

1964, Wright et al. 1965, Brinkhurst 1967, 1974, Rosfel- 

der & Marshal1 1967, Richards & Parker 1968, Schlieper 

1968, Bouma 1969, Sly 1969, 1981, Bailey 1971, 

Chodorowski 1971, Hulings & Gray 1971, Kajak 1971, 

McIntyre 1971a, Reys & Salvat 1971, Wells 1971, 

Noorany 1972, Shepard 1973, Dybern et  al. 1976, 

Clarke 19-17, Hellawell 1978, 1986, Moore & Heath 

1978, Southwood 1978. Resh 1979, Elliott et  al. 1980, 

Wright 1980, Hakanson & Jansson 1983, Thiel 1983, 

Downing 1984, Eleftheriou & Holme 1984, McIntyre & 

Warwick 1984, Aaby & Digerfeldt 1986, Schwoerbel 

1986, Fleeger et  al. 1988, Elmgren & Radziejewska 

1989). Unfortunately, most of these reviews are anti- 

quated or fairly brief compilations, based on a limited 

set of information only. There are few thorough reviews, 

and detailed evaluations of sampling problems are even 

more scant. Therefore, despite the large number of 

surveys published, it is still difficult to get an overview of 

the state of the art in quantitative sampling of soft- 

bottom sediments. The present review attempts to fill 

this need by providing an updated, condensed summary 

of factors constraining the quantitative sampling of soft- 

bottom sediments. Various impact characteristics of the 

devices employed causing sample bias are specifically 

addressed. This review is primarily based on studies 

conducted during the last 25 yr, and also includes a 

section on guidelines for improving the design of 

devices and on further instrument development. 

CHOICE OF SAMPLING DEVICE 

The use of trawls, sledges, dredges, suction sam- 

plers, grabs of snap (clamshell), scoop or bucket 

design, corers of impact or hydrostatic type, etc., results 

in various degrees of semi-quantitative sampling only 

(e.g. Elliott & Drake 1981a, b, Drake & Elliott 1982, 

Downing 1984, Eleftheriou & Holme 1984). In practice, 

only bucket grabs provide reasonably accurate quan- 

titative samples of soft bottoms. Properly shaped buck- 

ets and the design of the closure mechanism are, how- 

ever, of particular significance for reliable sampling. 

The buckets must be  shaped in such a way that they 

enter the sediment perpendicularly on impact, and it is 

important that the closure mechanism be designed so 

that it does not raise the sampler during closure and 

thereby interfere with the sediment layer initially pene- 

trated (Riddle 1989). Also, the grab has to conform to 

the hole dug by the leading edge of the jaws so as not 

to compress the sediment or cause the sampler to rise 

on closure (Ankar 1977, Riddle 1989). 

Experimental studies on the bite profile of grabs, 

such as that of the Petersen grabs (Petersen & Jensen 

1911, Petersen 1913), the Ponar grab (Powers & Robert- 

son 1967), the Smith-McIntyre grab (Smith & McIntyre 

1954) and the Day grab (Eleftheriou & Holme 1984), 

suggest that unequal depth sampling per unit surface 

area is a common source of error when using this type 

of grab (Gallardo 1965, Elliott & Drake 1981a, Riddle 

1989). The van Veen grab (van Veen 1933) seems to be 

the bucket grab achieving the most rectangular bite 

(Gallardo 1965, Lie & Pamatmat 1965, Ankar 1977, 

Riddle 1989); however, oblique and asymmetrical clos- 

ing (which happens particularly easily with a drifting 

boat and a long-armed instrument), and a sampling 

performance or sampling efficiency which varies with 

substrate texture and certain design details (arm 

length, type of rigging, size of bucket windows), are 

insidiously biasing factors (Ursin 1954, Birkett 1958, 

Beukema 1974, Christie 1975, Ankar 1977, Ankar et  al. 

1979, Andersin & Sandler 1981, Riddle 1989). This 

necessitates extreme care when evaluating studies 

based on sampling by a van Veen grab. It also suggests 

that evaluation of samples collected by other grabs is 

even more difficult, particularly when stations with 

different bottom characteristics are compared. 

Sediment freezing in situ can provide quantitative 

samples for studies on e.g. microlayering in lakes (see 

reviews by Wright 1980, Renberg 1982, 1986a, Saar- 

nisto 1986). Sampling the uppermost surficial layers 

using this technique, however, requires particular care. 

A device presented by Renberg (1981a) seems to be  the 

best instrument available for freeze-sampling. It can be 

operated remotely from a fixed foundation (i.e. freely 

from an ice cover, if it occurs; otherwise less freely from 

a jetty or similar structure), or for sampling in a 

recovered box corer (own unpubl, obs.). In the latter 

case, it should be  noted that soft surficial sediments in a 

box corer are easily disturbed (e.g. Blomqvist 1990, and 

further discussion below). Unfortunately, freezing is 

neither a versatile nor a quick technique, nor is it 

usable in more general bottom-sampling involving 

enclosure of sediment samples (Rutledge & Fleeger 

1988) or collection of benthic macrofauna, which 

restricts application of this technique. However, reports 

of detailed palaeolimnological studies of uppermost 

sediments (Renberg 1981b, 1986b, c, Renberg & Wik 

1985) demonstrate the usefulness of properly per- 

formed freeze-sampling when dealing m t h  fine-scale 

stratification. 

In essence, all bucket grabs are based on a construc- 

tion of jaws which close more or less semi-circularly. 

Therefore, sediment layers below the initial penetra- 
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tion depth are inevitably semi-quantitatively sampled. 

Sampling performance and sampling efficiency also 

vary among grab designs and among different bottom 

substrates. Freeze-sampling is a technique which can 

provide certain quantitative sediment samples for e.g. 

studies of microlayering, but it has practical restrictions 

which preclude its more general use. A sampling 

device with which truly quantitative soft-bottom sam- 

ples may be taken must have a definite sampling area 

which encloses the corresponding underlying sediment 

column, retains the sample and minimizes disturbances 

of the sediment during sampling and recovery. Conse- 

quently, such sampling must involve either (1) open- 

barrel gravity corers (sensu Emery & Hiilsemann 1964), 

(2) box corers (which are open rectangular gravity 

corers) or (3) piston corers. 

Limitations and biasing factors 

A number of factors can adversely affect samples 

collected by corers. 

(1) Unimpeded water flow through the corer during 

descent is important. Otherwise, a hydraulic shock 

wave (bow wave) created in front of the orifice can 

wash away flocculent or easily resuspended surficial 

sediments before the corer reaches the sediment sur- 

face. This source of error has been reported for grabs 

(Wigley 1967, Flannagan 1970, Ankar 1977), open- 

barrel gravity corers (McIntyre 1971b, Elmgren 1973, 

Baxter et  al. 1981, Jensen 1983, Leonard 1990), box 

corers (Jumars 1975a, b,  Thiel et  al. 1988/1989) and 

piston corers (McCoy & von Herzen 1971, McCoy 1972, 

1980, Stowe & Aksu 1978). 

(2) Gravity corers not equipped with a supporting 

stand tilt readily on the bottom, which may result in 

redistribution and resuspension of enclosed sediment 

and in loss of material (Blomqvist 1985, 1990). Also, the 

sampler may sink down too deeply to provide a rep- 

resentative sample (e.g. Wundsch 1924, Lundbeck 

1926, Valle 1927, Flannagan 1970, Blomqvist 1990). 

(3) The sample can be disturbed during the closing 

operation and withdrawal from the sediment (Blom- 

qvist 1985), and during retrieval. Rotation of a corer 

during retrieval causes shear stress on the sediment, 

with ensuing resuspension and redistribution, particu- 

larly of soft surficial sediments. Since rate of entrain- 

ment increases with sample area, instruments enclos- 

ing a larger area of surface sediments produce disturb- 

ance more easily than do corers with narrow tubes 

(Blomqvist 1990). Resuspension and redistribution of 

sediment samples obtained by larger corers (e.g. Elm- 

gren 1973) might also make subsequent subsampling 

complicated (Rutledge & Fleeger 1988). In corers with- 

out a secure lid-locking mechanism, resuspension may 

even result in loss of sediment and organisms (Blom- 

qvist 1990). 

(4) Sediment core shortening in open-barrel corers, 

i.e. the difference between depth of sediment penetra- 

tion by the coring tube and interior length of the core, is 

a phenomenon which may severely bias the sampling 

(Naumann 1917, Lundqvist 1922, 1923, Pratje 1934, 

1935, 1950a, b, Emery & Dietz 1941, Piggot 1941, 

Hvorslev & Stetson 1946, Hvorslev 1949, IZlchards 1961, 

Emery & Hiilsemann 1964, Harrison et  al. 1964, Inder- 

bitzen 1968, Hongve & Erlandsen 1979, Burnett 1981, 

Evans 1982, Lebel et al. 1982, Weaver & Schultheiss 

1983, Blomqvist 1985, Nevissi et al. 1989). A common 

misconception is that this phenomenon results from 

compaction due to loss of interstitial water. The sedi- 

ment column obtained would thus be uniformly rep- 

resentative with respect to solid components, albeit 

comprised of a shorter core with lower water content. 

However, as stated long ago (Pratje 1934, 1950a, Emery 

& Dietz 1941, Piggot 1941, Hvorslev & Stetson 1946, 

Hvorslev 1949), and corroborated further by later 

experiments (Hongve & Erlandsen 1979, Evans 1982, 

Lebel et  al. 1982, Blomqvist 1985), core shortening 

principally involves deficient entry of sediment. 

Core shortening results from discriminate sampling 

during penetration of the coring tube. Physically, it is 

due to friction of sediment against the inner tube wall, 

causing thinning by lateral extrusion in front of the 

corer. As the drag resistance alters with depth, the 

penetrated sediment bed is differently represented 

(Piggot 1941, Weaver & Schultheiss 1983, Blomqvist 

1985). Between-station variations in the physical 

character of sediments also result in varying degrees of 

core shortening (cf. Pratje 1935, 1950a, Emery & Dietz 

1941). Clayey silty sediments are shortened more than 

are light, unconsolidated organic sediments. If soft sed- 

iment is overlaid by stiffer matter, however, the former 

is more thinned than the latter (e.g. Pratje 1934, Piggot 

1941, Hvorslev 1949, Hongve & Erlandsen 1979, 

Weaver & Schultheiss 1983). This produces a bias in 

samples which is difficult to detect (cf. Kallstenius 

1958: p. 9-10). The problem is further complicated by 

the fact that the initiation of core shortening is related 

to sampling tube diameter, and the degree of shorten- 

ing is influenced by the penetration velocity and 

diameter of the coring tube employed (Emery & Dietz 

1941, Hvorslev 1949, Hongve & Erlandsen 1979, Evans 

1982, Blomqvist 1985). The use of double-sided tape 

placed on the outside wall of the corer so as to allow 

corrections based on the mud line on the tape, as 

suggested by HBkanson & Jansson (1983: p. 32), has 

been found an unreliable method (own in situ obs.). In 

essence, it is most important to be  aware of core short- 

ening when evaluating data from sediment coring; it is 

a treacherous phenomenon which sometimes causes 
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severe bias. To properly record and correct for core 

shortening in samples is most difficult, and seems in 

practice often impossible. 

(5) The free-falling piston corer is a n  instrument 

developed to counteract the influence of friction 

against the inner wall of the coring tube. The use of a 

piston, derived from a method employed in terrestrial 

clay sampling (Olsson 1925; see also Olsson 1938), in 

combination with an  adapter permitting tripping and 

free-fall from just above the bottom (Kullenberg 1944, 

1945, 1947, 1955) has become a much-used underwater 

technique. However, such piston corers also have seri- 

ous drawbacks. Rotation and tilting of the sampler 

upon impact have been reported, as well as core shor- 

tening and sucking in of sediment; the sedimentary 

layers of the core may be deformed, and the uppermost 

soft sediments are often seriously disturbed and may be 

entirely missing (Richards 1961, Ross & Riedel 1967, 

Bouma & Boerma 1968, Chmelik et  al. 1968, Inderbit- 

Zen 1968, McCoy & von Herzen 1971, McCoy 1972, 

1980, 1985, Hollister et al. 1973, Seyb et  al. 1977, Moore 

& Heath 1978, Stowe & Aksu 1978). 

(6) The frictional downward dragging of overlying 

sediment, resulting in smearing against the inside of 

the coring tube, might render direct visual inspection of 

the stratigraphy impossible and,  particularly in studies 

dealing with trace components, might also create a 

contamination problem (e.g.  Wrath 1936, Igarashi et  al. 

1970, Stowe & Aksu 1978, Harvey et al. 1987, Chant & 

Cornett 1990). 

(7) Re-penetration may easily lead to misinterpreta- 

tions, such as e.g. apparent cyclicity of sedimentary 

records when using open-barrel gravity corers (McCoy 

1972, 1980, Moore & Heath 1978, Weaver & Schultheiss 

1983). Rolling and pitching of the vessel from which the 

samples are taken may entail a related problem when 

the sampler hits the bottom and causes disturbance 

before the corer actually enters the sediment (Hessler & 

Jumars 1974, Snider et  al. 1984). 

DISCUSSION 

Today, more than 25 yr after the statement by A. R. 

Longhurst quoted at the beginning of this review, 

knowledge about constraining mechanisms and bias- 

ing factors in aquatic soft-bottom sediment sampling 

has been significantly improved, and progress in 

instrumental design has also been made. At present, 

the main problems appear in fact not so much to be 

conceptual in nature as to involve lack of appreciation 

of these factors' significance in the quality of samples 

obtained. This is remarkable, considering that biased 

sedimentological field samples will inevitably com- 

promise the quality of the research based on them. 

Features to consider in selection and design 

of instruments 

The instruments best suited for quantitative sampling 

of soft-bottom sediments appear to be  those based on 

the coring principle. If large single samples are needed, 

a properly operated and adequately designed box corer 

might be appropriate for sampling benthic macrofauna, 

and infauna in particular (Blomqvist 1990). Also, for 

certain geochemical studies a box corer is expedient 

(e.g. Ingri 1985). However, in studies dealing with 

unconsolidated surficial or flocculent sediments, enclo- 

sure and segregation of individual samples in situ is 

recommended, rather than subcoring after retrieval of a 

large corer (Rutledge & Fleeger 1988, 1989). The unin- 

tentional disturbance and resuspension which easily 

happen during sampling and hauling also emphasize 

the importance of properly locking corer lids (Blom- 

qvist 1990). 

Acquisition of individual sediment samples usually 

involves tube coring, by either a single or a (simultane- 

ously penetrating) multiple corer. For reliable sampling 

gentle, slow entry and penetration of the coring tube 

into the sediment bed are essential in order to prevent 

loss of surficial sediments (cf. McIntyre 1971b, Elmgren 

1973, Baxter et al. 1981, Jensen 1983, Leonard 1990), 

obviate oblique impact, and minimize core shortening 

(Blomqvist 1985) or any associated core deformation 

(e.g.  Leonard 1990). The lower end of the coring tube 

has to be sharply tapered on the outside to provide an 

effective sampling area similar to the inside cross- 

sectional area of the tube (cf. Livingstone 1990) and 

also to facilitate penetration. A supporting stand (e.g. 

Barnett et  al. 1984, Blomqvist & Abrahamsson 1985) is 

recommended to prevent the sampler from tilting and 

from sinlung too deeply when settled. Moreover, a 

stand allows a damper to be mounted, ensuring slow 

entry speed of the coring tube (Craib 1965, Barnett et 

al. 1984); it may also be beneficial by absorbing impact 

and thereby protecting the coring assembly, if the 

device hits against the vessel during deployment. 

It is important to consider core shortening when 

using open tube corers. A large coring-tube diameter 

reduces shortening (Emery & Dietz 1941, Hongve & 

Erlandsen 1979, Evans 1982, Blomqvist 1985) and 

hence is preferable. Friction against the wall of the 

coring tube may be considerable, in practice making 

sampling with longer cores virtually impossible due to 

plugging; the sampling tube and its core act like a solid 

rod and merely displace the sediment as the corer 

proceeds (Pratje 1934, Piggot 1941). Since the degree of 

shortening vanes with penetration velocity and the 

physical character of the sediment sampled, the 

importance of this phenomenon is usually very difficult 

to evaluate. Determining the dimensions of coring 
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tubes based on clearance and area ratios derived in 

terrestrial soils by Hvorslev (1949: p. 105-108) to over- 

come or minimize the problem, as is commonly done 

(e.g. Richards & Keller 1961, Kogler 1963, Meischner & 

Rumohr 1974, Axelsson & Hakanson 1978), is unreli- 

able. As a general rule, caution must be exercised 

when considering sediments below the unshortened, 

topmost layer of samples collected by open tube corers 

(cf. Blomqvist 1985: p. 610, Fig. 6).  

Remotely operated multiple corers of various designs 

have been described (Krogh P! Sparck 1936, Holme 

1964, Willemoes 1964, Fowler & Kulm 1966, Hamilton 

et  al. 1970, Hakala 1971, M. L. Jones cited in Hulings & 

Gray 1971, Kemp et  al. 1971, Milbrink 1971, Maitland 

& Morris 1978, Bakanov 1979, Barnett et  al. 1984, 

Chandler et  al. 1988). Such devices can save much 

sampling time by providing more sediments per des- 

cent than do ordinary single corers and by providing 

samples in replicate, obvious advantages in many 

studies. It must be noted, however, that the different 

cores of a multiple corer are not independently and 

randomly allocated samples equivalent to repeated 

lowerings by a single corer (Elmgren & Radziejewska 

1989), but rather represent nested 2-stage, pseudo- 

replicates (sensu Hurlbert 1984) of the same sampling 

unit. Therefore, when dealing with data of multiple 

corers it must be considered that the multiple samples 

of a lowering do not increase the number of degrees of 

freedom available for testing with inferential statistics 

(e.g. Yates 1981, Hurlbert 1984). 

CONCLUSIONS 

A judicious choice of sampling device always 

depends on the objectives of and options available in a 

particular study. The requirement of unimpeded water 

flow through the corer to obviate formation of a bow 

wave in front of the sampler is, however, a common 

need. The box-coring technique suffers from a number 

of inherent difficulties and shortcomings. The sampling 

reliability of box corers can, however, be  significantly 

improved if the device is furnished with a supporting 

stand and a mechanism which secures the lids during 

ascent (Blomqvist 1990). 

Subsampling of unconsolidated or flocculent layers 

in box corers when brought on board is not recom- 

mended. Sectioning of the sample as the device enters 

the sediment, similar to the 'vegematic' subcoring 

technique suggested by Jumars (1975a) or the arrange- 

ment described by Snider et al. (1984), is a plausible 

way of avoiding this problem. However, a subcoring 

design by Fuller & Butman (1988), related to the tech- 

nique described by Jumars (1975a), seems inadvisable 

since it implies restricted water flow through the box 

corer. Impeded water flow is, in fact, the most immedi- 

ate ground for objection to subcoring configurations 

mounted inside box corers. Bow-wave disturbance 

related to the rim of the box corer is also reported 

(Jumars 1975a, b). Improvements in design, including 

lids which lock the individual subcorers after penetra- 

tion, and further experimental studies evaluating the 

reliability of this type of subsampling in box corers are 

therefore needed. At present, box corers can be  reliably 

used mainly for bulk sampling of coherent sedlments 

and some silty and sandy deposits, as well as for collec- 

tion of certain macrofauna. 

Under favourable conditions (calm sea and shallow 

water, sheltered inshore areas, studies in small lakes, 

etc.) a n  adequately designed and properly operated 

barrel corer (Blomqvist & Abrahamsson 1985) is to be 

recommended for sampling the top few centimetres, in 

combination N t h  a larger box corer and subsequent 

piston-coring (Blomqvist & Bostrom 1987) to sample the 

underlying layers. When sampling under less favour- 

able conditions or when extreme care is required - as in 

certain deep-sea studies, and in quantitative collection 

of meiobenthos and nanobenthos (sensu Thiel 1983) 

and pollutants (Frithsen et al. 1983, Jumars & Eckman 

1983, Thiel 1983, Snider et al. 1984, Rudnick et al. 

1985) as well as bacteria and compounds in the upper 

sediment layer - the corer must be based on a structure 

with a supporting stand, which permits the device to 

settle on the bottom before the coring tubes enter the 

sediment (e.g. Baxter et  al. 1981, Pfannkuche 1985, 

Gooday 1986, 1988, Thiel et al. 1988/1989). 

Principles in the design of a tube-coring instrument, 

introduced by Craib (1965), and later elaborated into 

the Scottish Marine Biological Association (SMBA) 

multiple tube corer by Barnett et  al. (1984), are of 

particular interest in this context. Both the Craib corer 

and the SMBA corer are furnished with a supporting 

stand and sediment penetration does not start until the 

device has come to rest on the bottom. The coring 

operation proceeds slowly, as it is controlled by hy- 

draulic dampers. In fact, the SMBA corer (Barnett et al. 

1984) seems to be  the best device available for general 

sampling of open-sea, soft-bottom sediments at  present 

(see also Barnett & Watson 1989). 

However, both these devices also have shortcomings. 

The Craib corer obtains only a short sediment sample 

(10 to 15 cm) of narrow diameter (5.7 cm), and is not 

appropriate for open-sea conditions (Barnett e t  al. 1984). 

A practical shortcoming of the SMBA multiple corer is 

that it is unwieldy (height 3.5 m,  framework diameter 

2.4 m) and heavy, and hence requires research vessels 

of considerable size and derrick capacity. Further 

development of this device to a more suitable size is, in 

fact, a prerequisite for its use in practical field work, as 

are trials with different sediment types. Because both of 
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these instruments are open tube corers, of course, sedi- 

ment samples collected by these or sinillar devices can 

be marred by core shortening, at  least if the intention is 

to obtain long cores. 

Looking ahead 

In the future, the need for reliable samples of delicate 

soft-bottom sediments can be expected to increase. 

Therefore, further development of dependable instru- 

ments providing representative samples under varying 

sampling conditions and circumstances (water depth, 

sediment character, sea state/weather, boat size and 

available facilities such as pulley, winch, derrick, etc.) 

is imperative. The instruments conforming best to this 

demand are those based on box- and tube-coring 

techniques. For several reasons it is advisable to furn- 

ish the core samplers with a supporting stand. In addi- 

tion to preventing tilting, this allows for construction of 

devices resting on the bottom before actual sediment 

sampling starts. Also, it permits a damper to be 

mounted, ensuring slow, predetermined entry speed 

during coring. Properly deployed, this type of device 

can operate irrespective of sea roughness and vessel 

motion. 

A problem which remains to be  solved is the design 

of a remotely operated tube corer which prevents dis- 

rupt~ve bow-wave disturbance of upper sediments as 

well a s  biasing core shortening. Since piston-coring 

can almost eliminate core shortening (Blomqvist & Bos- 

trom 1987) ,  the application of this technique to corers 

furnished with both a supporting stand and a hydrauli- 

cally dampered coring assembly might be a possible 

solution to the problem. A core-conveying sleeve 

(Kjellman et al. 1950 ,  Livingstone 1967,  Rosfelder & 

Marshal1 1967,  Chmelik et al. 1968)  is another tech- 

nique which, in addition to preventing core shortening, 

can also minimize dragging and smearing of the sam- 

ple against the wall of the coring tube. 

The use of remotely operated devices normally mean 

that the sampling operation cannot be visually 

observed. The results of earlier studies reporting actual 

observations from sampllng trials (Wigley 1967,  Flan- 

nagan 1970,  McCoy & von Herzen 1971,  McCoy 1972,  

1980,  Ankar 1977,  Seyb et  al. 1977, Blomqvist 1985,  

1990)  illustrate the importance of visual evaluations of 

the samplers' performance. This suggests that it is 

advisable to document the performance photographi- 

cally, to corroborate asserted sampling qualities, when 

describing novel devices. Such documentation is in fact 

very seldom included (Barnett et al. 1984,  Blomqvlst & 

Abrahamsson 1985) .  

Finally, it is also recommended when sampling at  sea 

or in otherwise unfavourable conditions that an  under- 

water film camera and a light source be mounted as 

standard accessories on the stand of the device. A video 

camera might in fact be  preferable, since it permits 

immediate inspection without film development. This 

would enable recording and supervising of each sam- 

pling procedure and make it possible to exclude not 

only clearly inferior samples but also samples less obvi- 

ously biased by bow wave, jerk and jostle, or core 

shortening. Routine in situ monitoring of sampling 

would also provide a record of the performance of 

devices used under various conditions, and hence 

promote further development of reliable and depend- 

able soft-bottom sampling instruments. 
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