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The study presents dry mass and body measurements of the larval stages of five common barnacle species occurring in meso-
zooplankton catches of Southampton Water and the central Solent area of the south coast of the UK. Quantitative samples
were collected with conventional 120-mm mesh plankton nets. Species-specific regression equations relating carapace width
and total length with dry mass were obtained for stage II to stage VI nauplii and cyprids of Austrominius modestus,
Amphibalanus improvisus, Balanus crenatus, Semibalanus balanoides and Verruca stroemia. Width–dry mass and
length–dry mass regressions obtained in the present study accounted for more than 98% of the variability for naupliar
stages, and length–dry mass for 80% of the variability for cyprids. The dry mass of barnacle larvae predicted from carapace
width equations determined here differed by only –6% from the measured dry masses of an independent data set, suggesting
these first-reported equations of barnacle larvae are useful additions to zooplankton production studies.
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I N T R O D U C T I O N

The measurement of secondary production is one of the
primary goals of zooplankton research (Runge & Roff, 2000),
since such population level estimations are necessary for assess-
ments of the total community productivity (Greze, 1978;
Kimmerer, 1987), and are also the basis for the elaboration of
general theories of biological productivity (Downing, 1984).

Several methods for the estimation of secondary production
are available (Pechen et al., 1971; Winberg et al., 1971; Downing,
1984; Kimmerer, 1987; Omori & Ikeda, 1992), and the great
majority of them require information on the biomass of the
individuals. Zooplankton biomass can be measured using con-
ventional volumetric or gravimetric methods as well as by
biochemical approaches (Postel et al., 2000), although gravi-
metric dry mass determination is one of the most widely
used (Beers, 1966; Lovegrove, 1966; Omori, 1978; Hay, 1984;
Giguère et al., 1989; Bradford-Grieve et al., 1998).

Dry mass determinations of zooplanktonic species is time
consuming, involving the labour-intensive tasks of sorting,
identification and accurately measuring the different develop-
mental stages of the species present in the plankton. With suf-
ficient material of a particular species and/or stage available,
strong regression equations relating body measurements and
mass can be established for easier assessment of biomass
(Bird & Prairie, 1985).

Species specific length–dry mass relationships are available
for several copepod species from a range of environments and
geographical locations (Landry, 1978; Pearre, 1980; Uye, 1982;
Uye et al., 1983; McCauley, 1984; Middlebrook & Roff, 1986;
Chisholm & Roff, 1990; Webber & Roff, 1995; Hopcroft et al.,
1998; Ara, 2001). No similar data are available, however, for
barnacle larvae which are accepted to be a major component
of the coastal meroplankton community, and adults of the
species in this study, Austrominius modestus (Darwin),
Amphibalanus improvisus (Darwin), Balanus crenatus
Bruguière, Semibalanus balanoides (L.) and Verruca stroemia
(O.F. Müller) are commonly found in the Solent and along the
central English Channel coastline (Herbert, 2001; Herbert
et al., 2007; Herbert & Muxagata, 2009).

Barnacle larvae are, in fact, the second most abundant
group within the zooplankton of Southampton Water, aver-
aging 13% of the total zooplankton population, and account-
ing for up to 60–80% on some occasions (Muxagata et al.,
2004; Muxagata, 2005). The present study presents body
mass and species-specific length–mass regression equations
for the five most common barnacle larvae found in zooplank-
ton catches within Southampton Water.

M A T E R I A L S A N D M E T H O D S

Samples used in this study were collected at three fixed sites,
marked by permanent shipping buoys within Southampton
Water and the central Solent (Figure 1) in March 2001,
April 2001, May 2001, June 2001, August 2001, April 2002
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and July 2002 as part of a wider study focused on zooplankton
secondary production (Muxagata, 2005). The stations were
sampled during the extended 2–3 hour period of slack
water around high tide, characteristic of Southampton
Water, previous studies (Mujica, 1999) having established
that barnacle larvae were more common in the water
column during slack-ebb tide. Samples from quantitative,
oblique tows of �50 m3 performed with a conventional
120-mm mesh cod-end plankton net were collected and pre-
served in 4% formaldehyde –seawater buffered with borax
(Steedman, 1976). No significant differences were noted in
the pattern of carapace width (CW) and total length (TL)
measured at each site (Muxagata, 2005), and data presented
in this study are from single site samples.

Cirripedia were identified to species level (Bassindale, 1936;
Pyefinch, 1948, 1949; Knight-Jones & Waugh, 1949; Jones &
Crisp, 1954; Crisp, 1962; Lang, 1980; Branscomb & Vedder,
1982; Lee et al., 1998), and were sorted to larval stage in
accordance with the definitions presented in Lang (1979).
Additional information on the study area and collection/pro-
cessing protocols can be found in Muxagata et al. (2004),
Muxagata (2005) and Williams & Muxagata (2006).

For dry mass (DM) determinations, between 25 cypris and
up to 4000 nauplii of a particular size/stage (Table 1), were
sorted from the samples after at least 1 year of preservation
to allow necessary time for the individuals to reach equili-
brium volume and weight (Ahlstrom & Thrailkill, 1963;
Beers, 1976, 1981). Pre-counted batches of 25–1000 nauplii,

Fig. 1. The Southampton Water study area, with indication of sampling sites during 2001–2002.

Table 1. Number (N) of nauplii and cyprids from a particular sampling site and date of collection that were used in each biomass determination, with
rep. indicating the number of replicates made for each determination.

Stages Austrominius
modestus (16 July
2002) Cracknore

Balanus crenatus
(9–25 April 2002)
Calshot

Amphibalanus
improvisus (16
July 2002)
Cracknore

Semibalanus
balanoides (4–10
April 2001)
north-west Netley

Verruca stroemia
(4–10 April
2001) Calshot

N rep. N rep. N rep. N rep. N rep.

N II 1000 4 1000 4 1000 2 700 3 1000 2
N III 800 4 500 4 800 2 265 2 356 2
N IV 500 4 200 4 500 3 142 2 240 1
N V 200 4 100 4 200 4 100 4 90 1
N VI 100 4 100 4 100 2 100 4 25 1
Cyprid 100 2 50 2 + 2∗ 25 1∗ 50 4 + 1∗ – –

Note: the + sign indicates that replicates with cyprids with two different sizes were utilized due to relatively larger individuals found through the season
(see different sizes in Table 3); ∗, for B. crenatus cyprids from 22 June 2001 from Calshot and 9–25 April 2002 from north-west Netley were used; for S.
balanoides cyprids from 23 March 2001, 4–10 April 2001 and 18 May 2001 from Cracknore and north-west Netley were used; for A. improvisus cyprids
from 20 August 2001 were used.
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from a single day or from consecutive samples in the same
month (Table 1) and 25–100 cypris of similar sizes from
different days (Table 1) were concentrated and pipetted,
together with 200–400 ml of the preserving fluid, into 4 ml

of de-ionized water for dilution of salts and preserving
fluids. After repeating the dilution procedure a second time,
the sample was then pipetted into pre-weighed and ashed alu-
minium vessels of +200 ml. After the animals settled, as
much of the surrounding liquid was removed as possible
with a fine pipette. Each sample was oven dried for 16–24
hours at 608C, and transferred to silica gel desiccators for
cooling (Lovegrove, 1966; McCauley, 1984) before weighing
on a Mettler MT 5 (+1 mg) balance to determine the DM.
Weighing was repeated until reaching stable readings.

Blanks were made with +200 ml of the last dilution sol-
ution of four different batches, and they averaged +9.2% of
the sample mass. Since the amount of surrounding liquid on
each determination was variable, but always less than
200 ml, it was decided not to apply any correction. To estimate
the effect of preservation on dry mass, the same procedure was
applied to freshly-caught, late-stage larvae of A. modestus,

Table 2. Comparison of dry masses (mg) of fresh and preserved
(4% borax buffered formaldehyde solution) late stages larvae of

Austrominius modestus.

Stage N fresh/
preserved

Average mass (mg) DM +++++ SD (n) % dry
mass loss

fresh material preserved

V 200/200 1.29 + 0.08 (5) 1.01 + 0.09 (4) 21.67%
VI 100/100 2.08 + 0.11 (6) 1.88 + 0.07 (4) 9.59%
Cypris 50/100 3.68 + 0.31 (5) 2.83 + 0.19 (2) 23.21%

DM, dry mass; SD, standard deviation; N, number of organisms utilized in
each replica; n, number of replicates.

Table 3. Mean mass values (mg) of the naupliar stages II to VI + cypris stages of cirripedes, together with the % of ash considered for each stage, and the
averaged body measurements of each larval stage used in the biomass analysis.

Stage CW +++++ SD (n) TL +++++ SD (n) Average mass (mg) %ash +++++SD Species

∗DM+++++ SD (n) ∗∗AFDM +++++ SD (n)

I — — — — —
II 156 + 8.4 (10) 364 + 15.8(10) 0.29 + 0.01 (4) 0.24 + 0.01 (4) 17.03 + 6.25
III 180 + 0.0 (10) 390 + 14.0(10) 0.49 + 0.05 (4) 0.40 + 0.04 (4) 17.88 + 4.00 Austrominius modestus
IV 216 + 8.4 (10) 428 + 14.0(10) 0.77 + 0.70 (4) 0.65 + 0.06 (4) 15.25 + 6.82
V 262 + 6.3 (10) 478 + 22.0(10) 1.20 + 0.09 (4) 1.03 + 0.08 (4) 13.61 + 6.41
VI 314 + 9.7 (10) 537 + 13.8(10) 2.23 + 0.05 (4) 1.90 + 0.04 (4) 14.57 + 7.74
Cypris — 530 + 10.5(10) 3.34 + 0.04 (2) 3.30 + 0.05 (2) 1.06 + 0.74

I — — — — —
II 164 + 8.4 (10) 438 + 11.4(10) 0.46 + 0.01 (4) 0.41 + 0.01 (4) 11.03 + 6.27
III 196 + 8.4 (10) 486 + 25.0(10) 0.74 + 0.05 (4) 0.63 + 0.05 (4) 14.13 + 3.68
IV 250 + 10.5 (10) 580 + 16.3(10) 1.48 + 0.04 (4) 1.18 + 0.03 (4) 20.30 + 1.97 Balanus crenatus
V 316 + 12.6 (10) 682 + 14.8(10) 2.70 + 0.04 (4) 2.21 + 0.03 (4) 18.02 + 4.73
VI 396 + 15.8 (10) 800 + 29.8(10) 5.47 + 0.58 (4) 4.27 + 0.45 (4) 21.90 + 9.59
Cypris — 854 + 14.0(10) 11.49 + 0.20 (2) 11.15 + 0.20 (2) 3.01 + 2.82

— 650 + 42.4(10) 6.50 + 0.01 (2) 6.19 + 0.0 (2) 4.73 + 3.61

I — — — — —
II 144 + 8.4 (10) 318 + 14.8(10) 0.27 + 0.03 (2) 0.20 + 0.02 (2) 25.05 + 3.85
III 180 + 0.0 (10) 354 + 19.0(10) 0.46 + 0.00 (2) 0.36 + 0.00 (2) 20.46 + 0.01 Amphibalanus improvisus
IV 222 + 6.3 (10) 416 + 15.8(10) 0.76 + 0.03 (3) 0.62 + 0.02 (3) 18.90 + 4.00
V 294 + 13.5 (10) 493 + 14.9(10) 1.42 + 0.06 (4) 1.18 + 0.05 (4) 17.12 + 0.75
VI 380 + 0.0 (10) 600 + 0.0 (10) 2.87 + 0.25 (2) 2.34 + 0.21 (2) 18.44 + 4.34
Cypris — 530 + 0.0 (10) 4.90 (1) 3.88 (1) 20.69

I — — — — —
II 196 + 8.4 (10) 472 + 19.3(10) 0.69 + 0.02 (3) 0.56 + 0.02 (3) 18.23 + 2.29
III 230 + 10.5 (10) 557 + 21.1(10) 1.11 + 0.06 (2) 0.86 + 0.05 (2) 22.37 + 4.13
IV 313 + 16.4 (10) 678 + 19.9(10) 2.47 + 0.15 (2) 2.01 + 0.12 (2) 18.97 + 1.02 Semibalanus balanoides
V 398 + 35.8 (10) 798 + 61.4(10) 5.56 + 0.51 (4) 4.49 + 0.42 (4) 19.22 + 5.42
VI 505 + 33.1 (10) 1008 + 37.9(10) 10.41 + 0.23 (4) 8.51 + 0.18 (4) 18.31 + 2.39
Cypris — 797 + 18.9(10) 9.79 + 0.37 (4) 9.21 + 0.35 (4) 5.93 + 2.47

— 930 + 49.2(10) 23.19 (1) 21.80 (1) 6.01

I — — — — —
II 180 + 0.0 (10) 408 + 10.3(10) 0.33 + 0.03 (2) 0.25 + 0.03 (2) 25.17 + 6.76
III 204 + 15.8 (10) 452 + 27.0(10) 0.49 + 0.02 (2) 0.37 + 0.01 (2) 23.20 + 2.17 Verruca stroemia
IV 242 + 17.5 (10) 468 + 23.5(10) 0.79 (1) 0.55 (1) 30.00
V 297 + 16.3 (10) 545 + 15.8(10) 1.32 (1) 1.15 (1) 12.94
VI 360 + 18.9 (10) 660 + 18.9(10) 3.06 (1) 2.50 (1) 18.18
Cypris — — — — —

DM, dry mass; AFDM, ash free dry mass; CW, carapace width (mm); TL, total length (mm);
SD, standard deviation; —, not available; n, number of organisms measured/or replicates (the number of larvae utilized for each dry mass replica in this
work can be seen in Table 1); ∗, DM values are corrected values by 18.15% due to formalin preservation; ∗∗, AFDM were obtained subtracting the
measured % of ash from corrected DM values.
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Fig. 2. Simple regression analysis between dry mass values with carapace width (left) and also with total length (right) measurements for naupliar stages (II to VI)
of the 5 barnacle species considered. Regression equations are also shown. DM, dry mass (mg individual21); CW, carapace width (mm individual21); TL, total
length (mm individual21); r, correlation coefficient; r2, coefficient of determination; p, significance level; n, number of data points. Solid line indicates the
resulting equation and broken line indicates 0.95 confidence interval.
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specifically naupliar stages V and VI and cypris of the same
sampling day of the preserved specimens and compared
with preserved values.

After DM determination, samples were ashed at 5008C
(Beers, 1976, 1981), for +4 hours (Kimmerer & McKinnon,
1987) then placed in silica gel desiccators and weighed on a
Mettler MT 5 (+1 mg) balance for ash mass (AM) determi-
nation. This procedure was repeated until reaching stable read-
ings. The ash free dry mass (AFDM) of samples was
determined after subtracting the % of AM from DM.

For each species, measurements of TL and CW using a
micrometric scale (+20 mm), were taken from 10 individuals
of each stage prior to DM determination. The relationship
between TL and CW with DM of barnacle larvae can be
expressed as:

DM = aLb

where DM ¼ dry mass, a and b are constants and L is a mor-
phometric measurement, either TL or CW. To stabilize the
variance of the data, all three measurements were log10 (x)
transformed before analysis (Prepas, 1984; Zar, 1999) result-
ing in the linearized equation:

Log10(DM) = a + bLog10(TL or CW).

Naupliar stage I of all 5 barnacle species, as well as cyprids
of Verruca stroemia were not considered in analysis as insuffi-
cient numbers for DM determinations were obtained. There
are no previous DM–length or width relationships for any
of those species.

R E S U L T S

The averaged DM of freshly-caught naupliar stages V and VI
and cyprids of A. modestus compared with those preserved
more than 1 year, indicated losses of 9–23% with an
average of 18.15% (+7.46) (Table 2).

Dry mass, AFDM and ash content of each naupliar stage, of
the five species considered, after the correction factor of
18.15% was applied, are presented in Table 3.

On a general basis, the DM of the naupliar stages of all five
species increased logarithmically with increasing CL and TL,
with both measurements strongly positively correlated with
DM values (Figure 2). The data used in the species-specific
regression equations for naupliar stages were pooled in
order to obtain a regression equation for all species considered
(Figure 3A, B). This same approach was also used for the
cyprids stages (Figure 3C).

D I S C U S S I O N

Despite the potential changes in DM due to formalin preser-
vation, the use of freshly caught material for DM analysis
during this work was impractical. The counting and identifi-
cation of the individuals required for replicate DM measure-
ments from preserved samples often took more than a
single day to obtain, and for some stages, weeks were required
to obtain numbers necessary for a single replicate.

There is a large body of literature concerning the effects of
formalin preservation on zooplanktonic organisms, suggest-
ing that DM losses are most likely to occur depending on
the fixative fluid, rinsing method, species composition and

Fig. 3. Simple regression analysis between dry mass values with carapace width (A) and also with total length (B) measurements of naupliar stages (II to VI) of the
5 barnacle species pooled and the simple regression analysis between dry mass values with total length measurements of all cypris stages of the barnacle species
pooled (C). Regression equations are shown on each figure. DM, dry mass (mg individual21); CW, carapace width (mm individual21); TL, total length (mm
individual21); r, correlation coefficient; r2, coefficient of determination; p, significance level; n, number of data points. Solid line indicates the resulting
equation and broken line indicates 0.95 confidence interval.
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even stage of development (Beers, 1976; Omori, 1978; Böttger
& Schnack, 1986; Giguère et al., 1989; Postel et al., 2000).
Giguère et al. (1989), in an extensive compilation, reported
changes of 37 to 43% for total zooplankton, while Buskey
(1993) applied a correction factor of 25%. In contrast,
Dumont et al. (1975) reported losses of only 5 to 10% for a
selection of Copepoda, Cladocera and Rotifera, while
Chisholm & Roff (1990) did not observe any loss for a selec-
tion of tropical copepods. Omori (1978) attributes DM
changes primarily to the loss of stored lipids. Based on these
reports, a simplistic value for overall loss of �25% could be
argued when using formalin-preserved samples.

The present study’s correction factor of 18.15%, deter-
mined from comparisons between preserved and freshly
caught A. modestus larvae of the same size (Table 2) falls
within the lower limits of the reported values from literature
and close to the ‘hypothetical’ 25% loss. When the average
corrected DM values for each A. modestus larvae obtained

in this study (Table 3) were compared with the averaged
values of laboratory-cultured larvae (Table 4), dry masses
between 24 and 57% lower were observed. This could be inter-
preted to suggest that the correction factor of 18.15% was, in
fact, an underestimation of preservation losses. Comparing
the Harms (1986, 1987) data with the field values measured
in the present study, however, it is clear that the larval DM
and CW values of natural populations of A. modestus from
Helgoland (North Sea) cultured at 6, 9, 12, 18 and 248C and
salinity of 30 under excess food conditions, were usually
greater than values from individuals measured in the present
study (Tables 3 & 4) that were collected from Cracknore on
16 July 2002 at 18.38C and salinity of 31.6 (Muxagata et al.,
2004). The 24 to 57% DM difference in nauplii is therefore
essentially a reflection that the smaller and lighter nauplii
found in this study may be simply ‘food limited’ compared
with individuals from laboratory rearing experiments with
excess food (Harms, 1986, 1987).

Table 4. Mean carapace width (mm) and mass values (mg) of the naupliar stages II to VI and cyprids of Austrominius modestus cultured in laboratory at
given temperatures and salinities of 30–33 (Harms, 1986, 1987) and the resulting predicted dry mass (DM) values generated using nauplii carapace width
equations for A. modestus (Figure 2A) and total cypris length equations (Figure 3C) on Harms (1986, 1987) data, together with the % difference to average

DM predicted from carapace width (CW) or total length (TL) in this study.

Austrominius modestus

Stage T (88888C) (Harms, 1986)a

CW (mm) +++++
SD(n)

(Harms, 1987)
DM(mg) +++++ SD(n)

(Harms, 1986)
predicted
DM (mg)

Difference % Present study
CW (mm)
average

Present study predicted
DM (mg) average
(% difference)

I — — — — — —

6 175 + 3∗∗∗ — 0.42∗ —
9 176 + 4∗∗∗ — 0.42∗ — 156 0.30∗ (+3.45%)

II 12 175 + 4∗∗∗ 0.39 + 0.03 (27) 0.42∗ +7.69%
18 179 + 4∗∗∗ 0.41 + 0.03 (27) 0.44∗ +7.31%
24 173 + 4∗∗∗ 0.39 + 0.03 (26) 0.40∗ +2.56%

6 209 + 4∗∗∗ — 0.68∗ —
III 9 210 + 3∗∗∗ — 0.69∗ — 180 0.45∗ (28.16%)

12 209 + 5∗∗∗ 0.71 + 0.04 (19) 0.68∗ –4.23%
18 204 + 6∗∗∗ 0.75 + 0.07 (13) 0.64∗ –14.67%
24 210 + 3∗∗∗ 0.70 + 0.14 (8) 0.69∗ –1.43%

6 252 + 6∗∗∗ — 1.15∗ —
IV 9 247 + 5∗∗∗ — 1.09∗ — 216 0.75∗ (–2.60%)

12 264 + 6∗∗∗ 1.20 + 0.08 (20) 1.31∗ +9.17%
18 257 + 9∗∗∗ 1.47 + 0.15 (13) 1.22∗ –17.01%
24 260 + 5∗∗∗ 1.06 + 0.10 (15) 1.26∗ +18.87%

6 317 + 12∗∗∗ — 2.19∗ —
V 9 313 + 8∗∗∗ — 2.11∗ — 262 1.28∗ (+6.67%)

12 327 + 7∗∗∗ 2.45 + 0.16 (23) 2.39∗ –2.45%
18 314 + 9∗∗∗ 2.62 + 0.18 (20) 2.13∗ –18.70%
24 311 + 6∗∗∗ 2.33 + 0.17 (19) 2.08∗ –10.73%

6 403 + 18∗∗∗ — 4.29∗ —
VI 9 393 + 11∗∗∗ — 3.99∗ — 314 2.13∗ (24.48%)

12 392 + 10∗∗∗ 4.27 + 0.17 (60) 3.97∗ –7.03%
18 390 + 9∗∗∗ 5.19 + 0.18 (39) 3.91∗ –24.66%
24 367 + 7∗∗∗ 4.39 + 0.75 (10) 3.30∗ –24.82%

6 566 + 32∗∗∗ — 4.53∗∗ —
9 597 + 36∗∗∗ — 5.10∗∗ — 530 3.93∗∗ (217.37%)

Cypris 12 567 + 14∗∗∗ 4.56 + 0.48 (20) 4.55∗∗ –0.22%
18 583 + 39∗∗∗ 5.81 + 0.27 (22) 4.84∗∗ –16.70%
24 542 + 12∗∗∗ 4.38 + 0.28 (28) 4.12∗∗ –5.94%

CW, carapace width; DM, dry mass; SD, + 1 standard deviation; n, number of replicates;∗, predicted using equation Log10(DM), 26.655 +
2.797∗Log10(CW);∗∗, predicted using equation Log10(DM), –5.375 + 2.191∗Log10(TL);∗∗∗, n not given; cypris values are total length; a, only measure-
ments on salinity 30 of table 2 of Harms (1986) were considered.
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When the DM–width and/or length equations derived in
the present study were applied to the Harms data shown in
Table 4, differences ranging from +19 to –25% were found,
assuming that the width data of each nauplius stage presented
in Harms (1986) is linked with the mass data published in
Harms (1987). Therefore, an overall averaged difference of
–6% could be assumed between the present weight values
and the relatively higher values of Harms (1987).

Larval width and length obtained in the present study were
measured as accurately and precisely as possible to minimize
potential error (McCauley, 1984). The high R2 values obtained
in this study confirm that more than 98% of the variability of
DM was accounted for by the morphometric measurements
considered for naupliar stages (Figure 2), and more than
80% was accounted for by length measurement of cyprids
(Figure 3C). Like the findings of Pearre (1980) for copepods,
our predicted dry mass values of all barnacle stages/species
(shown in Figures 2 & 3C) from width equations gave slightly
better results than those predicted from length.

It is clear that seasonal patterns in environmental par-
ameters and the comparisons of field (food-limited) versus
laboratory-reared larvae could have some impact on the
differences in biomass identified in this study. Muxagata
(2005) reported a ‘seasonal’ pattern in naupliar TL and
CW, with a decrease in measured size toward summer.
Regression analysis indicates a clear inverse relationship
with temperature only in A. (Elminius) modestus, B. crenatus
and A. (Balanus) improvisus. In general, an inverse pattern
with temperature and salinity and a positive relationship
with chlorophyll were noted in some naupliar stages of all
species. An earlier study by Geary (1991) describing the iso-
morphic growth pattern between A. modestus naupliar dry
weight and total length also recognized the potential impact
of environmental factors on larval size and growth. The
study determined a ‘condition index’ relating dry weight to
total length, based on an index for copepod growth (Durbin
& Durbin, 1978). The index was seasonally stable, showing
that increasing size was matched by increased biomass, but
the absolute value of the index was suggested to show an inter-
annual difference, although not statistically tested, reflecting
phytoplankton species availability.

Following Chisholm & Roff (1990), the accuracy of the
estimates using the equations presented here were checked
against the measured values. Predicted DM values of nauplii
using width equations differed from measured values on
average for all species by –0.02%, while the equations of
length differed on average by –2.29% for nauplii and
–9.12% for cyprid, and by an average of –6% against the inde-
pendent data set (Table 4).

While accepting the variability inherent in field-based data,
we propose the first-reported, field-based equations generated
in this study can be considered accurate, reproducible and
valuable as first-step biomass estimates for the larvae of
those barnacle species common to English Channel waters,
and possibly useful for species with similar carapace widths
and lengths in other temperate waters.
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