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ABSTRACT: The measurement of macroinvertebrate biomass involves time-consuming procedures
and the destruction of specimens. However, from simple wet weight (WW) measurements, conversion
factors provide rapid estimates of ash-free dry weight (AFDW) that facilitate large-scale comparisons of
secondary production and energy flow. From a compilation of published and unpublished data, we
have calculated general conversion factors for 28 taxonomic groups of benthic marine macroinverte-
brates, as well as for several species of commercial importance. Despite methodological and regional
differences among studies, narrow confidence limits surrounded mean values for converting from WW
to AFDW for polychaetes (16 %), prosobranch gastropods (7.5 %), bivalves (5.8 %), amphipods (16 %),

and decapods (16.5%).
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INTRODUCTION

Marine research on population dynamics, energy
flow, food web interactions, and fishery yields is
dependent on estimnates of biomass and secondary pro-
duction, which are normally based on dry weights
(Crisp 1975, Warwick 1980, Holme & Mcintyre 1984).
Dry weight measurements involve laborious, time-con-
suming procedures and the destruction of specimens
(Holme & MciIntyre 1984). Many researchers calculate
mathematical conversion factors from subsamples to
facilitate dry weight determinations for a large volume
of material (e.g. Ellis 1960, Lie 1968, Trevallion et al.
1970, Eleftheriou & Basford 1989); this practice allows
time for increased sampling effort and more precise
taxonomic identifications, which have gained impor-
tance with increased interest in biodiversity. The use-
fulness of specific weight-to-weight conversion factors
was recognized by Thorson (1957), Lappalainen &
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Kangas (1975), and Rumohr et al. (1987), all of whom
published compilations of conversion factors for
marine macroinvertebrates based primarily on speci-
mens from the Baltic Sea region. Their algorithms have
been used for estimating biomass of populations from
disparate geographic areas such as northwest Africa
(Duineveld et al. 1993) and the Atlantic coast of North
America (O'Connor 1972, Croker et al. 1975}, because
more general and widely-applicable conversion factors
are unavailable.

In this paper, we extend the efforts of Baltic Sea
researchers by assembling a comprehensive compila-
tion of weight-to-weight conversion factors for marine
and estuarine macroinvertebrate taxa, using data
obtained from as many species and geographic regions
as possible. Our goal is to facilitate general biomass
estimates for a broad range of marine benthic studies,
especially large-scale spatial and temporal compar-
isons of secondary production and energy flow (e.g.
Petersen & Curtis 1980, Tumbiolo & Downing 1994),
which have previously relied upon very rough approx-
imations of weight-to-weight relationships for stan-
dardization of data.
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METHODS

Weight-to-weight relationships for individual macro-
invertebrate taxa were gathered from 42 published and
unpublished studies. Specifically, we sought data to
convert ash-free dry weight (AFDW) to wet weight
(WW), shell-free dry weight (SFDW) to wet weight, and
ash-free dry weight to shell-free dry weight (i.e. ash
content of dry tissues). In most of these studies, wet
weights were determined from fresh material; other-
wise, specimens were preserved in formalin (or, less
commonly, alcohol) prior to weighing. Wet weights of
molluscs and echinoderms include their shells because
they are organically connected, while nestling species
such as tube-dwelling polychaetes and hermit crabs
were weighed without their tubes or shells. For SFDW
determinations, the shells and exoskeletons of molluscs
and echinoderms were removed manually, or the tis-
sues were dissolved from shells using a dilute HCl solu-
tion. We excluded data from studies that used bleach

(NaClO) to dissolve organic matter, as this treatment
causes an overestimation of SFDW (Palmerini & Bianchi
1994). In general, SFDW was obtained by drying speci-
mens to constant weight in an oven at temperatures of
60 to 110°C, and AFDW was determined by incinera-
tion at 450 to 500°C in a muffle furnace.

Data were obtained for > 570 species. Mean conver-
sion . values were calculated for each study that
reported more than one value for a given species.
Grand arithmetic means were calculated for 28 major
taxonomic groups, and 95% confidence limits were
determined using a table of t values (Sokal & Rohlf
1981). Values from studies cited in more than one
review or compilation (e.g. Vinogradov 1953, Thorson
1957) were used only once in our calculations.

Conversion factors based on fresh and preserved
(alcohol and formalin) wet weights were compared for
major taxa for which sufficient data were available; we -
chose, a priori, to compare groups for which we
obtained at least 4 mean values.

Table 1. Weight-to-weight conversion factors for various taxa. CI = 95% confidence interval, N = number of values, SPP = num-
ber of species, AFDW = ash-free dry weight, WW = wet weight, DW = whole dry weight, SFDW = shell-free dry weight (without
shells or exoskeletons)

Taxon .Conversion Median % Mean % CI N SPP  Sources
Annelida
Oligochaeta Dw/ww 18.0 16.7 9.2-24.2 3 >2 25,34
AFDW/DW 32.3 1 1 4
Polychaeta, Errantia AFDW/WW 16.6 17.1 15.7-18.5 48 >41 5,12, 26, 34, 38, 42
DW/WW 20.0 19.7 18.3-21.1 58 44 6, 12, 17, 25, 26, 34, 37, 39, 42
AFDW/DW 83.4 79.2 76.2-82.2 70 57 2,4,7, 12,13, 17, 25, 26, 27, 34,
37,40, 42
Polychaeta, Sedentaria AFDW/WW 14.0 15.0 13.4-16.6 45 42 12, 26, 33, 38, 42
Dw/ww 17.7 19.9 18.1-21.7 48 44 6,12, 17, 25, 26, 33, 37, 39, 42
AFDW/DW 75.2 71.2 67.1-75.3 53 50 4,17, 26, 27, 33, 37, 40, 42
All polychaetes AFDW/WW 15.6 16.0 15.0-17.0 93 >83
DW/WW 18.7 19.8 18.7-20.9 106 88
AFDW/DW 79.4 75.7 73.1-78.3 123 >107’
Mollusca
Gastropoda
Prosobranchia AFDW/WW 6.3 7.5 5.7-9.3 11 14 12, 33, 38
SFDW/WW 9.3 10.6 7.8-134 17 16 5,6, 17, 33, 37,39
AFDW/SFDW 84.9 82.6 80.2-85.0 54 58 7,12, 17,21, 22, 27, 28, 29, 33,
37, 40, 42
Opistobranchia
Shelled taxa AFDW/WW 13.5 13.8 13.4-14.2 3 2 38
SFDW/WW 8.0 7.4 4.9-9.9 4 4 6, 14, 17, 37
AFDW/SFDW 75.0 78.3 69.0-87.6 7 7 17, 28, 37, 42
Non-shelled taxa DW/WW 25.0 1 >2 14
AFDW/DW 70.0 68.6 62.5-74.7 13 13 27, 28, 40, 42
Polyplacophora AFDW/WW 27.2 1 3 5
Bivalvia AFDW/WW 5.5 5.8 5.2-6.4 66 47 12, 16, 18, 19, 23, 24, 30, 34, 38
SFDW/WW 8.6 8.7 6.9-10.5 36 30 5,6,9, 14, 17, 34, 36, 37, 39, 48
AFDW/SFDW 83.5 82.7 80.9-84.5 77 61 1, 3,4,7 10, 11, 13, 15, 17, 18,
20, 27, 30, 34, 35, 36, 37, 40, 42
AFDW/DW 16.0 14.8 13.0-16.6 35 19 2,13, 24, 25, 26, 34, 45
Cephalopoda AFDW/WW 21.7 21.4 13.6-29.2 5 5 12,42
DW/WwW 20.6 20.1 14.9-25.3 8 8 12, 17, 27, 42
AFDW/DW 91.8 89.2 81.3-97.1 10 10 12, 17, 27,41, 42
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Table 1 {continued)

Taxon Conversion Median % Mean % Cl N SPP Sources
Crustacea
Amphipoda AFDW/WW 16.5 16.0 14.1-17.4 14 >12 5,8, 12,34, 38,42
DW/WW 20.0 20.7 19.1-22.3 29 >21 8,12, 14, 25, 26, 34, 37, 39
AFDW/DW 71.8 72.9 68.1-77.7 21 19 4,7, 25,26, 34, 37, 40
Isopoda AFDW/WW 14.2 1 1 42
DW/WW 20.7 20.3 17.6-23.0 8 5 25,34,42
AFDW/DW 65.5 63.0 57.4-68.6 14 12 4,25,34,40, 42
Decapoda AFDW/WW 16.5 16.5 14.6-18.4 17 11 26, 34, 38, 42
DW/WW 254 26.2 24.0-28.4 48 41 6, 17, 26, 34, 37, 39, 42
AFDW/DW 69.0 66.9 62.9-70.9 57 >49 6, 17, 26, 27, 34, 37, 40, 41, 42
Mysidacea AFDW/WW 15.5 2 2 34,42
DW/WW 18.0 17.5 12.2-22.8 5 5 34,39 42
AFDW/DW 75.5 82.4 74.4-90.4 6 4 4,27, 34,39, 42
Cumacea AFDW/WW 7.5 7.6 4 3  26,34,38
DW/WW 17.2 17.4 13.2-21.8 5 2 26, 34
AFDW/DW 65.7 61.1 46.9-75.3 5 3 26,34,40
Cirripedia AFDW/WW 3.9 . 2 2 34
SFDW/WW 6.5 6.6 1.8-11.4 4 3 14,34, 37
AFDW/SFDW 79.7 78.4 66.5-90.3 5 4 28, 37, 40
Echinodermata
Asteroidea AFDW/WW 9.7 11.2 7.1-15.3 8 4 16, 38, 42
AFDW/SFDW 47.2 48.7 43.8-53.6 9 8 27,40
DW/WW 28.6 32.9 24.9-40.9 9 7 16, 17, 34
Ophiuroidea AFDW/WW 6.5 7.4 4.8-10.0 12 8 20,34,38
AFDW/SFDW 20.4 22.9 14.3-31.5 5 5 3740
DW/WwW 49.0 47.1 37.3-56.9 11 11 12,16, 17, 34
Echinoidea AFDW/WW 2.7 3.5 1.4-5.6 8 6  26,33,38
Holothuroidea AFDW/WW 8.2 10.9 3 3  26,33,42
DW/WW 10.7 19.3 8.7-29.9 9 9 6, 17, 26, 33
AFDW/DW 58.8 49.6 35.0-64.2 13 13 17, 26, 27, 33, 40, 42
Other groups
Foraminifera AFDW/WW 1.0 1 >3 12
DW/WW 67.0 1 >3 12
Porifera (Demospongiae) AFDW/WW 10.5 10.7 9.3-12.1 9 9 31,32,42
DW/WW 16.2 16.8 13.3-20.3 12 12 31,32,42
AFDW/DW 45.2 47.1 37.8-56.4 18 17 27,31, 32, 40,42
Actiniaria AFDW/WW 13.3 14.3 6.0-22.6 4 4 42
AFDW/DW 87.0 83.9 73.6-94.2 5 5 40,42
Nemertea AFDW/WW 20.0 2 2 34,42
DW/WW 21.0 20.5 14.4-26.6 5 >3 12,25, 34, 42
AFDW/DW 83.2 79.9 64.0-94.9 4 >3  4,34,40,42
Turbellaria AFDW/WW 25.2 1 1 42
DW/WW 24.8 234 15.1-31.7 4 >3 25,42
AFDW/DW 90.6 1 1 42
Priapulida AFDW/WW 6.5 1 1 34
DW/WW 8.5 9.8 5.0-14.7 6 2 34
AFDW/DW 86.1 1 1 34
Sipunculida AFDW/WW 11.0 11.2 6.4-16.0 3 2 26,42
DW/WW 17.5 17.8 5.0-30.6 3 2 6,42
AFDW/DW 66.4 64.3 41.5-87.1 4 3 26,40,42
Ascidiacea DW/WW 6.2 6.3 4.2-84 8 8 17, 37,42
AFDW/DW 39.5 39.9 31.5-48.3 14 13 17, 27, 37, 42
Ectoprocta AFDW/WW 7.3 2 2 42
AFDW/DW 39.7 40.7 28.0-53.4 3 3 27,40

Sources: (1) Ansell et al. 1964, (2) Arias & Drake 1994, (3) Bahr 1976, (4) Bally 1994, (5} E. Bourget unpubl. data, (6) Brawn et al. 1968,
(7) Chambers & Milne 1979, (8) Collie 1985, (9) Dame 1972, (10) Dare 1976, (11) Dare & Edwards 1975, (12) Ellis 1960, (13) Evans 1977,
(14) Fradette & Bourget 1980, (15) Gardner & Thomas 1987, (16} Giese 1966, (17) Gilat 1969, (18) Griffiths 1981, (19) Hibbert 1976,
(20) Hughes 1970, (21) Hughes 1971a, (22) Hughes 1971b, (23) Johannessen 1974, (24) Josefson 1982, (25) Lappalainen & Kangas
1975, (26) Lie 1968, (27) Norrbin & Bamstedt 1984, (28) Paine 1964, (29) Paine 1971, (30) Palmerini & Bianchi 1994, (31) Reiswig 1973,
(32) Reiswig 1981, (33) Richards & Riley 1967, (34) Rumohr et al. 1987, (35) Rodhouse et al. 1985, (36) Shafee 1992, (37) Thayer et al.
1973, (38) Thorson 1957, (39) Tyler 1973, (40) Wacasey & Atkinson 1987, (41) Wissing et al. 1973, (42) Vinogradov 1953
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Table 2. Mean dry weight conversion factors for commercially important species, with 95 % confidence intervals in parentheses.
Abbreviations and reference numbers are the same as in Table 1

Taxon AFDW/WW (%) SFDW/WW (%) DW/WW (%) Sources
Mollusca

Buccinum undatum 10.5 (8.3-12.7) 8.0 51.5 5,34, 38
Cerastoderma edule 3.6 19
Choromytilus meridionalis 53 6.1 72.2 18
Clinocardium ciliatum 3.0 8.4 74.0 6, 12
Crassostrea virginica 1.7 2.7 9, 37
Mpya arenaria 6.5 (2.7-10.3) 51.9 25, 26, 38
Mpya truncata 10.5 46.0 12,38
Mytilus edulis 4.6 (2.5-6.7) 6.6 42.8 (27.1-58.5) 5, 14, 18, 25, 34, 38
Mytilus galloprovincialis 7.2 30
Pecten spp. 5.0 6.0 37,38
Serripes groenlandicus 11.0 61.0 12
Spisula subtruncata 4.8 38
Crustacea

Argis dentata 18.9 24 .4 6
Calinectus sapidus 20.5 29.9 37
Cancer pagurus 20.8 37.4 42
Carcinus maenas 13.8 (6.2-21.4) 25.9 (14.4-37.5) 42
Homarus americanus 19.4 42

Hyas coarctatus 22.8 38.1 34
Leander adsperus 19.8 38
Nephrops norvegicus 16.7 26.8 42
Pandalus montagui 27.9 6, 39
Peneus spp. 19.2 253 37,42
Echinoidea

Strongylocentrotus droebachiensis 16.7 32.3 6, 40

Table 3. Mean % ash-free dry weight (95 % CI) for freshly weighed and preserved macroinvertebrates. See Table 1 for sources
of data

Taxon

AFDW/WW
Fresh, %

Preserved, %

SFDW/WW

Fresh, % Preserved, %

Errant polychaetes

18.3 (16.0-20.6)

15.7 (14.2-17.2)

21.2 (19.6-22.8) 17.6 (15.1-20.1)

Sedentary polychaetes 17.6 (15.1-20.1) 12.1 (10.9-13.4) 20.5 (18.2-22.8) 19.3 (16.2-22.4)

Prosobranch gastropods 8.0 (5.8-10.2) 6.5 (1.4-11.6)

Bivalves 6.3 (5.3-7.3) 5.4 (4.6-6.2) 8.1 (6.3-9.9) 11.4 (5.0-17.8)

Amphipods 15.7 (13.3-18.2) 16.9 (15.6-18.2) 21.8 (19.2-24.4) 19.4 (17.2-21.6)

Decapods 26.6 (23.1-30.1) 25.7 (22.3-29.1)
RESULTS AND DISCUSSION including cnidarians, ectoprocts, ascidians, nemer-

Data are presented for major taxa (Table 1) and
species of commercial importance (Table 2). Despite
regional and methodological differences between
studies, narrow confidence limits surrounded mean
conversion factors for polychaetes, prosobranch gas-
tropods, bivalves, amphipods, and decapods (Table 1).
AFDW/WW ratios for these taxa had standard errors
that were less than 6% of the mean, suggesting that
they would produce useful estimates of biomass. Liter-
ature data are scanty for several other common taxa

teans, echinoids, crinoids, and brachiopods; neverthe-
less, we provided values for these groups when avail-
able.

Although preservation in alcohol or formalin may
cause substantial changes in weight and tissue compo-
sition of invertebrates with time (Thorson 1957, Lap-
palainen & Kangas 1975, Dare 1976, Mills et al. 1982,
Brey 1986, Dauvin & Joncourt 1989), mean conversion
factors based on fresh vs preserved weights differed
only slightly for most major taxa (Table 3), possibly
because of short exposure periods prior to weighing.
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Table 4. A comparison of WW-to-AFDW conversion factors for marine benthic macroinvertebrates from various geographic
regions. All values are mean % wet weights

Pacific N. America® Atlantic N. America® Arctic® Baltic®  Mediterranean®  This study
Polychaetes 13.3 10.5 20.0f 13.2 11.0 16.0
Crustaceans 15.0 13.3 15.0 14.5 154 14.79
Gastropods® 7.4 10.0 8.5 7.5
Bivalves 5.5 6.9 10.0 6.9 12.5 5.8

3Lje (1968); °E. Bourget (unpubl. data); “Ellis (1960); “Rumohr et al. {1987); *Gilat (1969)
‘Errant polychaetes; Jexcluding barnacles and cumaceans; *prosobranchs only; ‘predominantly Mytilus

However, a large weight reduction (about one-third)
was evident in sedentary polychaetes. Preservation in
formaldehyde/seawater solutions (4 to 10 % formalin)
tends to produce much smaller weight changes than in
concentrated alcohol (Mills et al. 1982}, but long-term
storage in both media may cause substantial SFDW or
AFDW reductions in annelids and bivalves (Dare 1976,
Mills et al. 1982, Brey 1986). The freezing of specimens
is therefore recommended over chemical preservation
as a method of storage prior to weight determinations
(Holme & McIntyre 1984), although for some delicate
specimens (e.g. annelids) taxonomic work may be
impaired after thawing. We suggest that estimates of
SFDW and AFDW be derived from fresh weights
whenever paossible.

Other potential sources of variation include seasonal
fluctuations in ash content, spawning cycles and condi-
tion (e.g. Dare & Edwards 1975, Chambers & Milne
1979), sample preparation (Richards & Richards 1965,
Palmerini & Bianchi 1994), drying temperature and
exposure (Lappalainen & Kangas 1975, Sisula & Virta-
nen 1977). In addition, Rumobhr et al. (1987) suggested
that lower salinities may lead to higher AFDW/WW
ratios in molluscs; to our knowledge, this hypothesis
has not been tested. Among different regional studies,
variation in conversion factors for bivalves appears to
be high relative to other groups (Table 4). This may be
because some values were based entirely on fresh
weights (Ellis 1960, E. Bourget unpubl.), while others
were based on formalin or alcohol wet weights. In con-
trast, values for crustaceans are remarkably consistent
among studies, despite diverse environmental condi-
tions (Table 4).

By averaging over large numbers of studies and spe-
cies, we have derived mean conversion factors with
narrow confidence limits for bivalves, crustaceans,
polychaetes, and other major taxa (Table 1). Factors
derived from small numbers of values or species (e.g.
turbellarians, ectoprocts) should be used with caution.
If a high level of precision is required for individual
species, it may be preferable for researchers to pro-
duce their own conversion factors from subsamples.

Otherwise, our factors should produce useful AFDW
estimates for broad spatial and temporal comparisons
of zoobenthic communities. Furthermore, they can be
used in combination with published weight-to-energy
conversions {e.g. Wacasey & Atkinson 1987, Brey et al.
1988, Dauvin & Joncourt 1989) to facilitate energy flow
studies.
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