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Abstract
Body size is a basic animal feature that defines its functioning in multispecies assemblages. Polychaetes are

numerically dominant components of marine macrobenthos, playing a key role in benthic productivity. They
are also the most problematic group regarding body-size assessments due to common fragmentation of fragile
bodies during sample processing that inhibits direct assessments of their size and biomass. Here, we present
quantified relationships that allow an estimation of the total-body length based on morphometric features
(widths of thoracic chaetigers) that remain intact after standard macrobenthic sample treatment. The best-fitted
regression equations (p < 0.001, r from 0.41 to 0.99) were selected for 28 polychaete families, six orders, two
infraclasses, and one subclass based on the measurements on 3580 complete individuals collected in the North
Atlantic (Norwegian and Spitsbergen fjords and continental margin). In Capitellidae, Cirratulidae, Oweniidae,
and Trichobranchidae, the shapes of the relationships differed among dominant species/genera, and so, specific
formula was proposed. The method has been applied to assess the size spectra of macrozoobenthos based on
18 van Veen grab samples collected at six stations in two Spitsbergen fjords. The percentage contribution of
complete individuals in polychaete biomass and abundance in size classes varied between 0% and 43%, with
the lowest percentages noted in two dominant families—Cirratulidae and Lumbrineridae. The presented
method is likely to be widely applied in studies requiring polychaete individual size assessments (e.g., benthic
biomass size spectra, population dynamics, and secondary production).

Polychaetes are segmented worms living mainly in marine
benthic habitats from intertidal to abyssal depths. The class
contains approximately 8000 species grouped into 80 families.
They make up one of the most important components in
marine ecosystems (Amaral et al. 1994) mainly due to their
predominance in soft bottom macrobenthic communities.
They can constitute up to 90% of the total macrobenthic com-
munity in terms of number of species and individuals, up to
80% of biomass, and up to 70% of secondary production in
both shallow waters and deep-sea sediments (e.g., Włodarska-
Kowalczuk and Pearson 2004; Bluhm et al. 2005; Włodarska-
Kowalczuk and Kȩdra 2007; Baldrighi et al. 2013; Degen et al.
2015), but they remain an important part of hard bottom
communities as well (e.g., in kelp beds [Włodarska-Kowalczuk
et al. 2009] or among encrusting fauna on rocks [Kuklinski
2013]). Moreover, they play an important role in ecosystem
functioning due to their diverse life habits, feeding, and repro-
ductive strategies (Fauchald and Jumars 1979; Snelgrove

1997). Polychaete worms influence sedimentary processes by
bioturbation, redistribution, mineralization, and burial of
organic matter (e.g., Hutchings 1998; Morata et al. 2013; Kędra
et al. 2013; Zaborska et al. 2018). Polychaetes have also been
proposed as effective surrogates of marine biodiversity,
because they are good indicators of both environmental vari-
ability and the species richness and distributional patterns of
the whole benthic community (Giangrande et al. 2005; Wło-
darska-Kowalczuk and Kȩdra 2007).

Body size plays a key role in structuring marine communi-
ties and determining their functioning, and currently, an
increasing number of community studies include size-based
analyses (Robinson et al. 2010; Hua et al. 2013; Górska and
Włodarska-Kowalczuk 2017). The assessment of body-size
characteristics is a basic task in studies of taxonomy, ecology,
evolution, and growth (Costa-Paiva and Paiva 2007). One of
the most important aspects of community, population, or
individual functioning is production (Clarke and Warwick
1994), which is a function of density, biomass, growth rate,
reproduction, and survivorship of a particular population (Tod
and Schmid-Araya 2009). Estimation of secondary production
allows the assessment of trophic dynamics within a system
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and the evaluation of trophic potential of its components
(Mistri et al. 2001). However, the estimations of secondary
production usually require data on individual body weight
(e.g., Brey 1990). Weighting of every single individual is time
consuming, and in the case of the small macrobenthic worms,
it requires an expensive, very precise electro balance
(Robinson et al. 2010). Wet weight is not a reliable measure
(mainly because of preservation or gut content), whereas a
direct assessment of dry weight (DW) or ash free DW is
destructive for individuals. Moreover, many of the polychaete
individuals become fragmented during the standard sample
sieving procedures.

Robinson et al. (2010) recommended calculations based on
morphometric measurements for estimating individual body
weight. In the case of polychaetes, individual biomass can be
derived from biovolume, which is calculated using the cone
formula based on whole-body length and maximum width.
However, most often measuring the body length of all poly-
chaete individuals in a macrobenthic sample collected with
standard methods (sediments collected with a grab or corer
and sieved on board) is impossible because a high percentage
of individuals are damaged during sampling and sample pro-
cessing (Pardo et al. 2010). Several authors reported that only
30–50% of all individuals in a sample remained undestroyed
(e.g., Desrosiers et al. 1988; Ieno et al. 2000; Omena and
Amaral 2001; this study). This fact fuels the search for a
method to determine the total length of fragmented individ-
uals using correlations between the total length and the mor-
phometric traits of body parts that remain intact after
sampling, e.g., width/length of different chaetigers or seg-
ments, length of anterior region, and length/width of prosto-
mium or buccal appendages (e.g., Fauchald 1991; Omena and
Amaral 2001; Occhioni et al. 2009). However, there are only a
few published reports presenting useful correlations, and these
studies are either focused on only one or a few species,
e.g., the 15 species (representing four orders: Aphroditoidea,
Eunicida, Phyllodocida, and Terebellida) published by Robin-
son et al. (2010) or the 3 species (representing two orders:
Phyllodocida and Sabellida) published by Rosati et al. (2012).
Most of the published studies focus on relationships between
width and weight (e.g., Speybroeck et al. 2007). However,
some authors compiled relationships between total length and
selected morphometric features, e.g., Paterson et al. (2006)
tested the correlation between total length and width of the
first chaetiger and reported significant relationships for six
families (Acrocirridae, Cirratulidae, Paraonidae, Sabellidae,
Spionidae, and Syllidae). They used the width of the first chae-
tiger as a surrogate for total length in their polychaete size
structure analyses, but the actual regression equations between
width of the first chaetiger and total length were not pub-
lished. Omena and Amaral (2001) tested the linear regression
between total length and nine morphometric features
(e.g., width, width of second chaetiger, and length of sixth
chaetiger), but the study was conducted on only one species—

Laeonereis acuta (Nereididae). Ieno et al. (2000) reported a sig-
nificant relationship between width of the 10th segment
(wS10) and the total length of intact individuals (length =
13.85 × wS101.49) for the same species. Heip and Herman
(1979) published a regression equation for relationship
between total length and wS10 (length = 15.5 × wS101.41) for
Nereis diversicolor (Nereididae). Costa-Paiva and Paiva (2007)
calculated correlations among 16 morphometric features as a
size estimator of Eunice (Eunicidae), and all of them presented
high correlations (above 0.80), but the best relationships were
between size and width of peristomium and length of dorso-
lateral palps; however, again, the regression equations were
not published. Occhioni et al. (2009) showed a significant cor-
relation between the length of the first thoracic chaetiger and
the total length of Phragmatopoma caudata (Sabellidae).

In this study, we present a methodology for size assessment
in 28 polychaete families. The correlations between the total
length and widths of chaetigers (i.e., segments bearing chaete)
of the anterior body part were computed based on measure-
ments of 3580 intact individuals collected within a wide range
of depths (76–5561 m) from five localities in the Arctic and
one in the sub-Arctic. We determine the best total length esti-
mators for each of the 28 families representing the most com-
mon and dominant polychaete taxa in Arctic marine
sediments. To our knowledge, our assessment is the first to
encompass a comprehensive range of polychaete families and
is based on materials from different localities and depths. The
presented methodology can be useful for a wide variety of
studies that require an assessment of size but also biomass,
production and other metrics that can be derived from size
(see e.g., Brey 2010) in benthic biota.

Materials and methods
Materials were collected during several sampling campaigns

in four Arctic fjords (Hornsund, Kongsfiorden, Isfiorden, and
Rijpfiorden), one subarctic fjord (Ullsfiorden), and an Arctic
open-water, deep-sea site (Hausgarten, Fram Strait; Fig. 1).
Sampling stations were localized at depths ranging from 76 to
5561 m. Materials were collected with the use of various sam-
pling gear: a Van Veen grab (sampling area 0.1 m2), a small-
box corer (sampling area 0.0625 m2) in coastal/shelf waters,
and a giant-box corer (sampling area 0.25 m2) at the deep-sea
stations and fixed with 4% formaldehyde solution buffered
with seawater. The intact specimens came both from the stan-
dard macrobenthic sampling performed in the scope of several
projects carried on at the Institute of Oceanology Polish Acad-
emy of Sciences (IO PAS) between 2010 and 2015 and from
sampling dedicated especially to the purposes of this study. In
the first case, the samples were treated on board with a stan-
dard procedure—sieved on board through 500 μm sieves,
fixed, and analyzed (in terms of taxonomic composition) in
the laboratory. The extensive search through a large number
of such samples archived at the IO PAS resulted in obtaining
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unsatisfactory numbers of intact individuals (especially in
families Nereididae and Flabelligeridae); therefore, in 2014
and 2015, several samples were collected especially for this
purpose. These samples were collected with a small-box corer
and fixed on board (without sieving) with a formaldehyde
solution in seawater. In the laboratory, the samples were
gently washed on 500 μm sieves, and only complete individ-
uals were picked and identified to species. The collection of
such samples resulted in obtaining 154 individuals of intact
polychaete worms.

All individuals used for the present study were identified to
the lowest possible taxonomic resolution (species or genus
level) based on Chambers (2000), Chambers and Woodham
(2003), Fauchald (1977), Holthe (1986), Hartmann-Schroder
(1996), and Jirkov (2001). A total of 3580 complete specimens
representing 28 families were used in the analyses (Table 1).
All these specimens were photographed under a Leica M205C
stereomicroscope (with magnification from 5X to 160X) con-
nected to a Leica DFC450 digital camera and measured using
the digital image analysis in Leica Application Suite (LAS
v.4.0). For each specimen, the width of the first seven chaeti-
gers (segments bearing chaete) and total length (without anal
cirri) were measured and expressed in μm (Fig. 2; Supporting
Information Figs. S1–S3). Measurements were made on the
dorsal or ventral view of specimens. The width of chaetigers
did not include parapodia or bristles.

Most polychaete families have the capacity to generate new
posterior segments after natural fragmentation caused, e.g., by
a predator attack (Bely 2006). During the regeneration process,
the newly developed segments can be distinguished from the
residual segments by their smaller size and width (sudden
drop in width after one segment). After several weeks, these
differences may disappear, and the specimens that have
undergone regeneration may be not be distinguishable by
visual inspection anymore (e.g., Weidhase et al. 2015). Indi-
viduals that had distinguishable regenerated segments were
not used for further analyses.

A Pearson correlation was used to evaluate the relationships
between chaetiger widths and total lengths, and regression
equations were obtained that could be used for total length
estimations in the groups of specimens representing families,
suborders, orders, classes, and the whole polychaete collection
(Supporting Information Table S1). The regression equation
describing the relationship with the highest (and significant)
correlation coefficient was selected for each family, suborder,
order, infraclass, subclass, and whole Polychaeta class
(Table 2). For families, which slopes of regression in groups of
samples representing various genera/species were apparently
different (Capitellidae, Cirratulidae, Oweniidae and Tricho-
branchidae), analysis of covariance (ANCOVA) test was per-
formed to test for differences among regression slopes.

Calculated equations for each family were used for the cal-
culation of % error using the formula: % error = ([estimated
length − measured length]/measured length) × 100%. Mean,
median, and maximum % error for each family, order, subor-
der, infraclass, subclass, and the class Polychaeta were pre-
sented (Supporting Information Table S1). Additionally, the
mean % error for each family was calculated using the equa-
tion for order (or infraclass) and the class Polychaeta (Support-
ing Information Table S2).

The presented method of obtaining the total lengths in
fragmented polychaetes was applied to materials collected at
six sampling stations in west Spitsbergen fjords (as described
in Górska and Włodarska-Kowalczuk [2017]). At each station,
three replicate samples were collected with the use of a van
Veen grab (sampling area 0.1 m2), sieved on a 500 μm mesh
and preserved with a formaldehyde solution in seawater on
board. In the laboratory, all animals were encountered and
identified to the lowest possible taxonomic level (usually to
the species or genus) and measured under a stereomicroscope
connected to a camera. For fragmented individuals, the corre-
lations to selected chaetiger widths (Table 2) were used to
derive the total-body length. Body dimensions (width and
total length) were converted into biovolume and to dry mass
using published conversion factors (Brey 2001; Brey et al.
2010). Each individual was classified into log2 size classes
based on its DW (μg; from ≥ 2x to < 2x+1, where x is the size
class). Biomass and abundance size spectra were constructed
for Polychaeta by plotting the sum of biomass or abundance
(average from 18 samples) in each size class against the

Fig. 1. Map of sampling locations.
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log2-transformed size of a class. For more details on these
materials and size spectra construction procedures, see Górska
and Włodarska-Kowalczuk (2017). The percentages of the bio-
mass and abundance derived only from the intact Polychaeta
individuals in the total biomass and abundance of Polychaeta
in size classes were calculated.

Assessment
A total of 3580 intact polychaete specimen belonging to

96 species, 28 families, six orders, two infraclasses, and one
subclass were measured. The number of individuals measured
per family varied (Table 1), and the low number of individuals
in some families reflected the rareness of the occurrence in

Table 1. Information on taxonomic affinities of the specimens
measured within the study (numbers of individuals representing
particular taxa are given in brackets).

Class: POLYCHAETA (3580)

Subclass: Sedentaria (2792)

Infraclass: Scolecida (1027)
Family: Capitellidae (22): Capitella capitata (13), Heteromastus

filiformis (9)

Family: Cossuridae (114): Cossura pygodactylata (114)

Family: Maldanidae (292): Chirimia biceps (11), Euclymeninae (1),

Maldane arctica (1), Maldane sarsi (276), Microclymene acirrata

(3)

Family: Opheliidae (146): Ammotrypanella arctica (22), Ophelina

abranchiata (18), Ophelina acuminata (19), Ophelina

cylindricaudata (1), Ophelina minima (75), Ophelina modesta (1),

Opheliidae non det. (10)

Family: Orbiniidae (241): Leitoscoloplos mammosus (241)

Family: Paraonidae (201): Aricidea spp. (4), Aricidea suecica (1),

Levinsenia gracilis (19), Paradoneis eliasoni (1), Paradoneis lyra

(26), Paraonides nordica (56), Paraonidae non det. (94)

Family: Scalibregmatidae (11): Asclerocheilus sp. (1), Polyphysia

crassa (2), Pseudoscalibregma parvum (3), Scalibregma inflatum

(5)

Infraclass: Canalipalpata (1765)
Order: Terebellida (817)

Suborder: Cirratuliformia (306)

Family: Cirratulidae (299): Aphelochaeta spp. (29), Chaetozone

jubata (5), Chaetozone setosa (163), Chaetozone spp. (17),

Cirratulus caudatus (2), Cirratulus sp. (8), Tharyx spp. (75)

Family: Flabelligeridae (7): Diplocirrus longisetosus (5), Brada villosa

(2)

Suborder: Terebellomorpha (511)

Family: Pectinariidae (46): Cistenides granulata (1), Cistenides

hyperborea (45)

Family: Ampharetidae (105): Amage auricula (1), Ampharete

finmarchica (4), Ampharete borealis (9), Ampharetinae (10),

Amphicteis gunneri (23), Amphicteis sundevalli (1), Anobothrus

gracilis (5), Anobothrus laubieri (11), Glyphanostomum pallescens

(4), Lysippe labiata (30), Melinna cristata (3), Melinna elisabethae

(1), Samytha sexcirrata (1), Sosane wireni (2)

Family: Terebellidae (228): Amaeana trilobata (1), Terebellinae

(23), Lanassa nordenskioldi (1), Lanassa venusta (6), Laphania

boecki (2), Leaena ebranchiata (19), Neoamphitrite groenlandica

(1), Polycirrus arcticus (122), Polycirrus spp. (49), Proclea graffi (1),

Proclea malmgreni (1), Streblosoma intestinale (2)

Family: Trichobranchidae (132): Terebellides sp. (29), Terebellides

stroemii (103)

Order: Spionida (230)

Family: Apistobranchidae (38): Apistobranchus tullbergi (38)

Family: Spionidae (192): Dipolydora quadrilobata (19), Dipolydora

sp. (10), Glyphochaeta laudieni (1), Prionospio cirrifera (148), Spio

spp. (12), Laonice cirrata (2)

(Continues)

Table 1. (Continued)

Order: Sabellida (718)

Family: Oweniidae (267): Galathowenia fragilis (4), Galathowenia

oculata (128), Myriochele heeri (130), Myriochele olgae (5)

Family: Sabellidae (451): Chone paucibranchiata (195), Chone spp.

(223), Euchone analis (3), Euchone papillosa (9), Euchone spp.

(18), Jasmineira schaudinni (3)

Subclass: Errantia (788)

Order: Amphinomida (229)

Family: Amphinomidae (229): Paramphinome jeffreisii (229)

Order: Eunicida (201)

Family: Dorvilleidae (14): Ophryotrocha scarlatoi (4), Parougia

eliasoni (1), Parougia nigridentata (1), Parougia spp. (8)

Family: Lumbrineridae (176): Abyssoninoe sp. (1), Lumbrineris spp.

(176)

Family: Onuphidae (11): Nothria conchylega (7), Onuphidae non

det. (3), Paradiopatra quadricuspis (1)

Order: Phyllodocida (358)

Suborder: Aphroditiformia (56)

Family: Pholoidae (44): Pholoe assimilis (44)

Family: Polynoidae (12): Bylgides elegans (1), Bylgides sarsi (4),

Enipo torelli (1), Gattyana cirrhosa (4), Harmothoe rarispina (1),

Polynoidae non det. (1)

Suborder: Nereidiformia (91)

Family: Nereididae (3): Ceratocephale loveni (2), Nereis pelagica (1)

Family: Syllidae (88): Erinaceusyllis erinaceus (3), Exogone naidina

(2), Exogone sp. (1), Exogone verugera (15), Myriandia sp. (2),

Syllides spp. (37), Syllis cornuta (25), Syllis sp. (3)

Suborder: Phyllodociformia (172)

Family: Phyllodocidae (172): Eteone longa (9), Eteone

spetsbergensis (1), Eteone spp. (146), Eumida arctica (8), Mystides

borealis (2), Phyllodoce groenlandica (5), Protomystides exigua (1)

Suborder: Phyllodocida incertae sedis (39)
Family: Nephtyidae (18): Aglaophamus malmgreni (10), Nephtys

ciliata (8)

Family: Sphaerodoridae (21): Ephesiella abyssorum (1), Ephesiella

peripatus (1), Sphaerodoridium sp. (16), Sphaerodoropsis philippi

(3)
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collected samples (e.g., Flabelligeridae, Onuphidae, and Dor-
villeidae) or the extreme body fragility leading to fragmenta-
tion, even after careful sample treatment (e.g., Lumbrineridae
and Cirratulidae). Taxonomic classification was based on the
World Register of Marine Species (WORMS Editorial
Board 2018).

All correlations between widths of chaetigers and total
lengths were significant (p < 0.05; Supporting Information
Table S1), in addition to correlations between chaetigers 1–7
and total length for Heteromastus filiformis (Supporting Infor-
mation Table S1). Most correlations were significant at levels
p < 0.0001, and only in the families Sphaerodoridae, Onu-
phidae, Dorvilleidae, and Capitellidae was p higher than
0.0001 but lower than 0.05. Pearson correlation coefficients
ranged from 0.29 (order Sabellida) to 0.99 (family Flabelliger-
idae). Coefficients of determination ranged from 0.09
(Sabellida) to 0.98 (Flabelligeridae). All correlations were
based on measurements of at least 10 specimens, other than
that for the family Flabelligeridae (Supporting Information
Table S1). Correlations for Flabelligeridae were based only on
seven specimens, but still, the strongest correlation was very
high (r > 0.98). Because of the low number of intact individ-
uals of Nereididae found in the samples (only three speci-
mens), the correlation was not calculated. Within the families

Capitellidae, Cirratulidae, Oweniidae, and Trichobranchidae,
the slopes of regression in groups of samples representing vari-
ous genera/species were significantly different (ANCOVA:
FCapitellidae(19,1) = 7.69, p < 0.05; FCirratulidae(295, 1) = 18.2,
p < 0.001; FOweniidae (236, 1) = 148.5, p < 0.001; FTrichobranchidae
(128, 1) = 5.0, p < 0.05; Supporting Information Figs. S4–S6);
therefore, additional correlations and regression equations
were calculated for these genera or species (Supporting Infor-
mation Fig. S7). The mean % error calculated for the length
derived from presented equations varied between 8.3
(Pectinariidae) and 117.0 (subclass Errantia; Supporting Infor-
mation Table S1).

The 53 best-fitted regression equations were selected for the
studied groups (families, suborders, orders, infraclasses, sub-
class, class, and selected species/genera; Table 2; Supporting
Information Figs. S4–S7). Among them, the coefficients of
determination varied between 0.17 and 0.98. The width of
chaetiger 1 was best correlated with the total length in most
taxa (29 best-fitted regression equations). For all polychaete
data combined, chaetiger 7 was best correlated to the total
length (r = 0.60; Table 2). At the level of subclass, chaetiger
7 was best correlated to total length for Sedentaria, while chae-
tiger 1 was best for Errantia (Fig. 3). The mean % error calcu-
lated from length estimations derived from equations for

Fig. 2. Measurements of first seven chaetigers of exemplary individuals belonging to three families (a) Orbinidae (infraclass Scolecida), (b) Ampharetii-
dae (infraclass Canalipalpta), and (c) Amphinomidae (subclass Errantia).
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Table 2. Best-fitted regression equations.

Equation Chaet p r2 N Mean %e Median %e Max %e

Polychaeta (class) L=4857.1+9.3×chaet Chaet 7 <0.0001 0.36 3580 82.5 49.8 2035.8

Sedentaria (subclass) L=5538.3+8.9×chaet Chaet 7 <0.0001 0.38 2787 69.0 49.1 472.4

Scolecida (infraclass) L=−888.7+32.7×chaet Chaet 1 <0.0001 0.84 1026 34.2 23.3 509.7

Capitellidae L=5527.7+12.2×chaet Chaet 1 <0.001 0.43 22 22.6 21.3 102.7

C. capitata L=2476.6+16.7×chaet Chaet 1 <0.001 0.71 13 16.8 14.2 56.2

H. filiformis L=1792.6+29.2×chaet Chaet 1 0.11 0.32 9 17.2 12.7 46.8

Cossuridae L=−905.9+20.7×chaet Chaet 7 <0.0001 0.45 114 19.3 14.5 101.6

Maldanidae L=−347.1+31.7×chaet Chaet 3 <0.0001 0.92 292 17.3 14.3 68.8

Opheliidae L=−2752.4+27.2×chaet Chaet 4 <0.0001 0.92 146 26.5 20.7 95.4

Orbinidae L=−3544.0+24.1×chaet Chaet 6 <0.0001 0.71 241 24.5 20.7 100.6

Paraonidae L=−5118.5+53.8×chaet Chaet 3 <0.0001 0.61 201 31.9 26.1 151.9

Scalibregmidae L=−1351.2+16.7×chaet Chaet 1 <0.0001 0.91 11 41.4 23.9 182.6

Canalipalpata (infraclass) L=5710.9+7.3×chaet Chaet 7 <0.0001 0.41 1761 72.1 51.6 462.0

Terebellida (order) L=5804.1+6.8×chaet Chaet 7 <0.0001 0.62 813 44.5 29.7 348.6

Cirratuliformia (suborder) L=−895.4+29.7×chaet Chaet 1 <0.0001 0.51 304 35.6 23.8 423.9

Cirratulidae L=−1465.3+31.7×chaet Chaet 1 <0.0001 0.57 299 32.0 25.1 195.4

Aphelochaeta and Tharyx L=−4147.2+50.2×chaet Chaet 1 <0.0001 0.66 104 33.4 22.7 284.5

Chaetozone and Cirratulus L=−4712.3+36.2×chaet Chaet 1 <0.0001 0.79 195 32.2 21.6 148.7

Flabelligeridae L=1523.0+4.0×chaet Chaet 2 <0.0001 0.98 7 20.1 8.5 61.0

Terebellomorpha (suborder) L=3382.6+8.3×chaet Chaet 7 <0.0001 0.70 511 37.5 28.7 206.0

Pectinariidae L=1422.4+5.3×chaet Chaet 1 <0.0001 0.71 46 8.3 7.2 27.8

Ampharetiidae L=2433.7+7.9×chaet Chaet 2 <0.0001 0.91 105 32.1 25.3 114.1

Terebellidae L=−540.2+14.5×chaet Chaet 1 <0.0001 0.88 228 28.0 20.0 216.6

Trichobranchidae L=3837.6+12.4×chaet Chaet 1 <0.0001 0.83 132 25.6 14.8 147.3

Terebellides sp. L=−100.1+24.8×chaet Chaet 3 <0.0001 0.72 29 15.8 11.0 48.8

Terebellides stroemii L=1809.4+13.5×chaet Chaet 1 <0.0001 0.84 103 21.9 14.6 91.1

Spionida (order) L=−8699.7+47.5×chaet Chaet 5 <0.0001 0.74 230 59.3 27.4 362.1

Apistobranchidae L=−3843.4+21.5×chaet Chaet 3 <0.0001 0.65 38 25.6 22.4 90.3

Spionidae L=−10,697.2+75.1×chaet Chaet 1 <0.0001 0.84 192 35.9 14.5 286.1

Sabellida (order) L=1593.5+16.9×chaet Chaet 1 <0.0001 0.17 718 71.3 63.2 303.4

Oweniidae L=4733.0+22.9×chaet Chaet 1 <0.0001 0.27 267 57.7 40.8 339.5

Myriochele sp. L=−431.0+26.4×chaet Chaet 1 <0.0001 0.67 135 32.0 21.9 156.7

Galathowenia sp. L=−3751.6+74.5×chaet Chaet 1 <0.0001 0.77 132 22.9 13.5 272.0

Sabellidae L=−1183.4+16.5×chaet Chaet 1 <0.0001 0.65 451 24.2 16.5 178.6

Errantia (subclass) L=−210.3+20.4×chaet Chaet 1 <0.0001 0.56 788 87.9 50.8 1317.9

Amphinomida (order) L=−2415.5+12.8×chaet Chaet 2 <0.0001 0.55 229 32.1 27.2 115.3

Amphinomidae L=−2415.5+12.8×chaet Chaet 2 <0.0001 0.55 229 32.1 27.2 115.3

Eunicida (order) L=324.0+25.0×chaet Chaet 1 <0.0001 0.72 201 45.8 29.6 315.4

Dorvilleidae L=−3937.0+22.7×chaet Chaet 1 0.001 0.62 14 14.6 12.4 48.5

Lumbrineridae L=−5861.6+41.8×chaet Chaet 4 <0.0001 0.83 176 19.9 15.0 119.5

Onuphidae L=−7525.3+24.8×chaet Chaet 1 <0.0001 0.93 11 21.3 14.2 60.3

Phyllodocida (order) L=1822.2+17.5×chaet Chaet 1 <0.0001 0.53 358 88.1 43.6 1661.9

Aphroditiformia (suborder) L=−1388.4+11.2×chaet Chaet 2 <0.0001 0.95 56 26.3 15.8 170.5

Pholoidae L=378.2+7.10×chaet Chaet 1 <0.0001 0.51 44 29.6 23.2 133.8

Polynoidae L=−2178.6+11.1×chaet Chaet 3 <0.0001 0.95 12 14.0 10.8 30.8

Nereidiformia (suborder) L=2300.3+11.2×chaet Chaet 7 <0.0001 0.68 91 50.0 29.2 274.7

Nereididae — — — — — — — —

Syllidae L=−3061.1+31.8×chaet Chaet 1 <0.0001 0.53 88 47.6 30.4 332.2

Phyllodociformia (suborder) L=−5023.32+46.2×chaet Chaet 1 <0.0001 0.63 172 63.0 35.9 1872.5

(Continues)
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orders was 87% (average), for class Polychaeta was 102% (aver-
age), whereas that based on equations for family was 29%
(Supporting Information Table S2).

Polychaetes collected at six stations in Kongsfjorden and
Hornsund belonged to 18 size classes (from 0.125 μg to
131 mg; Fig. 4a). The percentage contribution of complete
individuals in Polychaeta biomass and abundance in size class
varied between 0% and 43%, i.e., from 57% to 100% of the
information could be obtained only with use of the method
described above (Fig. 4a). The highest percentage contribution
of intact polychaetes was noted in classes 12–13 (4–16 mg;
more than 30% in terms of polychaete biomass and abun-
dance) that were dominated by Maldanidae, Trichobranchi-
dae, and Pectinaridae. Only in the families Opheliidae and
Serpulidae were all collected individuals complete, but these
two families were also represented by very low numbers of
individuals (from 2 to 4). High contributions of intact individ-
uals were observed in the tube-dwelling families Pectinaridae,
Sabellidae, and Trichobranchidae (> 43% of abundance;
Fig. 4b). Very low contributions of intact individuals were
observed in the most abundant families: Cirratulidae (12 from
a total of 2646 collected individuals, intact specimens repre-
sented 0.4% of Cirratulidae biomass) and Lumbrineridae
(1 from a total of 1224 individuals, 0.1% of biomass; Support-
ing Information Table S3).

Discussion
The presented method of the total length assessment based

on morphological correlations to other morphometric features
may have broad application in areas such as benthic ecology
and population dynamics studies. Several studies showed the
significant relationships between the Polychaeta body length
and production (e.g., Heip and Herman 1979; Martin and
Bastida 2006), fecundity (Cassai and Prevedelli 1998; Rettob
2012), or biomass (e.g., Arias and Drake 1994; Abrantes et al.
1999). Often, the direct weighting of animals needs to be
avoided, because it is destructive for specimens or individuals
are too small (Basset and Sabetta 2007), and the relationships
between the total length and weight are useful. Another diffi-
culty specific to Polychaeta is the fact that the worms are often
broken during standard sample processing (on-board sieving;
Omena and Amaral 2001), and thus, either the length or the
individual biomass cannot be directly obtained.

In the present study, significant regression equations
between the total lengths and the widths of the thoracic chaeti-
gers have been found for 28 families and six orders of the class
Polychaeta. All correlations between widths of the first seven
chaetigers and total length were significant (except those for
H. filiformis; however, this species was represented by only nine
specimens), which corroborates the notion of the strong poten-
tial in applications of morphometric relationships (widths
explaining from 0.09 to 0.98 of the variability in total lengths).
In most cases, the shapes of relationships between the chaetiger
widths and total lengths were similar among the different spe-
cies/genera within a family. This was not valid for families
Oweniidae, Capitellidae, Trichobranchidae, and Cirratulidae,
where the slopes of the regressions evidently varied among the
different species and/or genera. The species representing these
families in our materials were of clearly variable body forms
(as described below) and application of the regression formulae
constructed at a family level for a species not covered in our
materials requires careful examination whether it represents the
similar morphological type. In family Trichobranchidae (Sup-
porting Information Fig. S7), Terebellides sp. collected in Fram
Strait was much smaller (up to 1 mm of width and 24 mm of
total length) than T. stroemi collected in the shelf area (up to
3.5 mm of width and 45 mm of total length), and the slopes of
relationships in these two groups of specimens differed, sug-
gesting different taxonomical affinities. In the Oweniidae, rela-
tionships in Galathowenia were quite different from those in
Myriochele or Owenia. Indeed, G. fragilis and G. oculata are much
thinner (mean width : length ratio of 0.02) than the representa-
tives of the other two genera (mean width : length ratio of
0.05). In addition, in cirratulids, Aphelochaeta and Tharyx seem
to be thinner (mean width : length ratio of 0.04) than the other
genera (mean width : length ratio of 0.05), whereas in the Capi-
tellidae, H. filiformis was much smaller and thinner (mean
width : length ratio of 0.03) than measured individuals of Capi-
tella capitata (mean width : length ratio of 0.05). It must be
noted that the relationships obtained for the whole families are
significant (with correlation coefficient from 0.49 [Oweniidae]
to 0.91 [Trichobranchidae]) and can be used, but when the tax-
onomic identity of a specimen is available, we recommend
using separate equations for these genera and/or species rather
than the one for the whole family.

The present study was conducted on materials collected
and preserved according to standard procedures of the

Table 2. (Continued)

Equation Chaet p r2 N Mean %e Median %e Max %e

Phyllodocidae L=−5023.32+46.2×chaet Chaet 1 <0.0001 0.63 172 63.0 35.9 1872.5

Nephtyidae L=−2934.0+27.6×chaet Chaet 3 <0.0001 0.86 18 40.5 25.8 180.7

Sphaerodoridae L=695.4+2.7×chaet Chaet 7 0.0002 0.52 21 35.6 37.3 72.5

chaet, width of selected chaetiger [μm]; L, total length [μm]; max %e, maximum percentage error; mean %e, mean percentage error; median %e,
median percentage error; N, number of individuals; p, significance level; r2, coefficient of determination.
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treatment of benthic ecological samples, including fixation in
formalin directly after on-board sieving. In taxonomic studies,
the worms for morphometric measurements are often anesthe-
tized prior to fixation, as the fixation can cause muscular con-
tractions and deformations and mask the in vivo animal
morphology (Oliveira et al. 2010). However, the anesthetiza-
tion is also not neutral and can distort morphological features,
e.g., due to over-relaxation (Costa-Paiva and Paiva 2007), and
it requires additional time for sample preparation (time of
relaxation varies from minutes to hours, different chemicals
are recommended for different families; Costa-Paiva and Paiva
2007). Ideally any biometrical measurement and biomass esti-
mation should be based on fresh, unpreserved material. In the
ecological field studies of marine communities, the immediate
sorting and subsequent processing of sampled material are
almost impossible; thus, biometrical and biomass parameters
are mostly determined from preserved organisms and are obvi-
ously affected by the preservation effects (e.g., Leuven et al.
1985; Hjörleifsson and Klein-MacPhee 1992; Gaston et al.
1996; Kapiris et al. 1997; Wetzel et al. 2005). However, both
Gaston et al. (1996) and Wetzel et al. (2005), who examined
the effects of ethanol and formalin fixation on biomass esti-
mates, claimed that the effects of the preservative were minor
in comparison to potential errors due to gut contents or frag-
mentation of specimens during handling. These sources of
errors are omitted when the biomass is estimated from dimen-
sions, as proposed in the methodology in the present article.

In materials collected in Kongsfjorden and Hornsund, the
groups with the highest percentage of intact specimens among
those collected were the Pectinariidae (97.6%), Trichobranchidae
(43.7%), and Sabellidae (45.3%; Fig. 4b). Worms belonging to
these families are characterized by short bodies with less than
100 segments (Pectinaridae < 20 segments, Trichobranchidae
�60 segments, Sabellidae < 100 segments) and dwell in tubes,
which protect their bodies against mechanical damage. The big-
gest problem is damaged individuals—the lowest percentages of
intact specimens were observed in the Capitellidae (0.0%), Cirra-
tulidae (0.5%), Lumbrineridae (0.1%), Orbiniidae (0.2%), and
Cossuridae (0.3%; Fig. 4b). Individuals belonging to those fami-
lies are characterized by a long, thin body with numerous (from
80 in Cossuridae up to several hundred in Orbiniidae) segments.
Moreover, they do not build any protective structures such as
tubes. Regarding the Capitellidae, also Pardo et al. (2010), who
worked on C. capitata, which are often numerous and dominant
in soft bottom communities, stressed that most individuals of
that species in their samples were fragmented. However, the tho-
racic region was almost always intact, which is why they recom-
mended using length of chaetiger 5 or the area of chaetiger 7 as
size estimators. In our study, the width of chaetiger 7 was the
characteristic best correlated with the total length of C. capitata.

Regarding the size classes, the lowest percentage of damaged
individuals was noted in classes 12–13 (4–16 mg DW), which
were dominated by individuals of tubiculous, short, and thick
worms of the Maldanidae, Trichobranchidae, and Pectrinaridae.

Fig. 3. Relationship between total length [μm] and width of selected
chaetiger [μm] for polychaete infraclasses: (a) Sedentaria, (b) Palpata, and
subclass (c) Errantia. Regression lines with 0.95 CI are presented.
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In most size classes, intact individuals constituted less than
15% of polychaetes (in terms of biomass and density), i.e., the
size of 85% of polychaetes in most size classes could only be
obtained using correlations between the width of chaetigers
and total length. This example shows how severe underestima-
tions of the total benthic biomass can result from neglecting
the fragmented polychaetes in a standard macrobenthic study.

The problem of fragmentation of polychaetes in benthic
samples has been previously reported, both in standard eco-
logical surveys (Arias and Drake 1994; Paterson et al. 2006)
and in size-based studies (e.g., Queirós et al. 2006; Basset and
Sabetta 2007; Basset et al. 2012). Several approaches to over-
come this problem were proposed, e.g., using body width to
calculate the DW (Arias and Drake 1994) or measuring only
individuals with at least one third or two thirds of the whole
body undestroyed (Queirós et al. [2006] or Basset et al. [2012],
respectively). Some authors were resigned to use ecologically
meaningful units of animal size (as biovolume or biomass)

and instead analyzed the size spectra based on, e.g., the width
of the first chaetiger as a proxy of the size (Paterson et al.
2006). However, these approaches are not satisfactory—
measuring only a part of the sampled individuals can lead to
huge underestimations of the total community biomass; addi-
tionally, the criteria of “at least 30% of the body undamaged”
can be difficult to apply. Relying on proxies such as chaetiger
width in a size spectra assessment does not allow the study of
the partitioning of the biomass, productivity, or respiration
among the size classes and the interpretation of the results in
terms of community functioning.

Recommendations
Equations of the relationship between the width of the

selected chaetiger and total length presented in the article
allow the estimation of total length of fragmented polychaetes
from 28 families and six orders that are common in the North

Fig. 4. Polychaeta biomass and density size spectra in Arctic fjords (average of 18 replicate samples) collected at six stations in two fjords (a) and per-
centage contribution of intact specimens from families found in Arctic fjords (b). The contribution of individuals that were fragmented (and so their
dimensions and biomass needed to be estimated with use of the method described in this study) to the total biomass or abundance in a given size class
is indicated in the gray part of the respective bar. The percentage of complete individuals of Polychaeta in each size class is indicated by a dot.
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Atlantic. Presented method is based on a material collected in
a wide range of geographic localities (from 69�N to 80�N) and
a wide range of sampling depths (70 to 5561 m), no differ-
ences in the studied morphometric relationships were
detected among localities within this wide sampling region.
However, applicability of the equations listed in this article in
other geographical regions may require testing the equations
based on undamaged individuals and, if necessary, construct-
ing a set of regionally specific equations following the pre-
sented methodology

We recommend using the best-fitted chaetiger width for
each family; however, to facilitate the analyses, one can also
use the first chaetiger width for all families (having in mind
the increased error, as specified in Supporting Information
Table S1). We also recommended using relationships specific
for family; however, for wider application of presented
method, for families not included in our studies, the relation-
ships assessed at order or class could also be used (provided
the error associated with the analyses at this level of taxo-
nomic resolution can be accepted).

With both the total length and width, the assessment of
biomass, and thereafter, productivity, respiration, and carbon
demand are possible using the models of productivity—the
Artificial Neural Network model (Brey 2012) and procedures
for the calculation of carbon assimilation (Klages et al. 2004).
Assessments of individual biovolume and biomass are inevita-
ble if we are to study the benthic size spectra. The application
of the presented method should be useful in a variety of stud-
ies that require individual length or biomass assessments and
focus, e.g., on morphometry, population dynamics, benthic
biomass size spectra, and secondary production, and it should
be useful in obtaining precise estimates of the total biomass in
macrobenthic samples.
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