
Academic Editor: José 
Luis Sánchez-Lizaso

Received: 11 September 2026
Revised: 22 October 2026
Accepted: 23 October 2026
Published: 26 October 2026

Copyright: © 2026 by the authors. 
Licensee MDPI, Basel, Switzerland. 
This article is an open access article 
distributed under the terms and 
conditions of the Creative Commons 
Attribution (CC BY) license.

Article

Does Body Size in Acartia clausi (Crustacea, Copepoda, 
Calanoida) Respond to Ongoing Climate Change?
Neila Annabi-Trabelsi 1 , † , Genuario Belmonte 2 , *, † , Giuseppe Denti 3 , † , Wassim Guermazi 1 , † 
and Fernando Rubino 3 , † 

1  Laboratory of Marine Biodiversity and Environment, Department of Life Sciences, Faculty of Sciences, 
University of Sfax, Sfax 3000, Tunisia; neila.trabelsi@isbs.usf.tn (N.A.-T.); wassim.guermazi@fss.usf.tn (W.G.)

2  Laboratory of Zoogeography and Fauna, Ecotekne Campus, University of Salento, 73100 Lecce, Italy
3  CNR Institute for Marine Biological Resources and Biotechnology (IRBIM), via Roma, 3, 74123 Taranto, Italy; 

giuseppe.denti@cnr.it (G.D.); fernando.rubino@cnr.it (F.R.)
* Correspondence: genuario.belmonte@unisalento.it; Tel.: +39-3922755020
†  The author list is in alphabetical order; These authors contributed equally to this work.

Abstract

Zooplankton in temperate areas show variation in adult body size across seasonally succeed-
ing generations. Adult size could therefore be a useful indicator of environmental change 
over long time periods. Acartia clausi was chosen as the target species for this purpose, 
with measurements available from Italy and Tunisia for the period 2004–2021. Adults of 
the winter generations were larger than those of the summer generations, indicating an 
inverse correlation between size and environmental temperature. However, size variability 
also appeared to be affected by additional drivers, such as sex (females larger than males) 
and eco-geographic location (specimens from the open sea larger than those from confined 
sites). Specimens from the Gulf of Taranto (Italy) and the Gulf of Gabes (Sfax, Tunisia) 
showed a complex pattern of body size variation from 2004 to 2021 and from 2008 to 2014, 
respectively. Adult size was inversely correlated with water temperature on the sampling 
date and one month before. However, the size of specimens from the same area (Taranto) 
was also affected by the geographic position of the collection site. Given the position of 
Calanoida in the marine food web, these changes may also have implications for the growth 
rate and maximum size of other species, including those of economic importance that feed 
on copepods.

Keywords: Acartia clausi; climate change; confinement; body size; Mediterranean Sea

1. Introduction
Body size has long been a challenging topic for evolutionary biologists and ecolo-

gists [1]. The competitive advantage of being large is generally limited by the complex 
ecological implications and interspecific relationships that an organism must deal with 
during its lifespan, as it starts out small at birth and passes through a series of progres-
sively larger body sizes before reaching adulthood. This constraint inspired the theory that 
ecological communities in which large-bodied species are present are stable and diversi-
fied, because these communities provide suitable conditions for all their developmental 
stages [2].

Apart from the complexity and stability of systems, single factors such as temperature 
also seem to affect (negatively) the size of organisms. A trend of increasing body size along 
geographical gradients of decreasing temperature, originally described for endotherms [3], 
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has also been documented for many ectotherms [4–9], offering many opportunities to 
study this phenomenon in different taxa. This framework is complemented by the genetic 
constraints underlying sexual size dimorphism and by the age of each individual, which is 
generally positively correlated with its final size. Constraints related to the increase in DNA 
content per cell must also be considered within the framework of the several driving forces 
exerted by the environment, since copepods from cold areas appear to have larger genomes 
(and cell volumes) than those from warm areas [10].

A common observation in ectothermic species is that higher temperatures during 
development lead to smaller adult body size, a pattern known as the temperature–size 
(T–S) rule [4]. More broadly, a warming-induced reduction in the final body size of species 
is regarded as one of the three universal responses to climate change, along with shifts in 
the seasonal timing of life cycles and the geographical redistribution of species [11].

Among the many taxa suitable for body size studies, calanoid copepods (Crustacea, 
Copepoda, Calanoida) are good candidates because of their great abundance, their relatively 
short life cycle (with more than one generation per year, so that final size can be attributed 
to each season), and the fact that the adult stage, enclosed in a cuticle and unable to moult 
(and thus to grow further), has a final body size that results from all the genetic and 
environmental drivers acting during development.

In temperate areas, the body size of marine Calanoida, which generally have more than 
one generation per year [12], varies among individuals of successive generations, as first 
recorded by Adler and Jespersen [13]. Temperature, salinity, pollution, and water density 
have been found to be correlated (positively or negatively) with final body size [14–19]. 
Food quality and availability, as well as predation pressure, have been recognized as biotic 
factors correlated with final body size [9,15,20–24].

The correlation between temperature and body size is generally negative, whereas that 
between size and food abundance is positive. These factors, however, must be combined 
with genetic factors to provide a comprehensive explanation of the entire spectrum of 
size variability. Indeed, the range of size variation can differ between the two sexes of 
the same species within the same population [22]. In addition, the body size of a species 
has been found to be correlated with different factors in different years [9] or geographic 
areas [25]. Finally, the body sizes of coexisting species may be correlated differently with 
the same factor [9,26]. On the other hand, Miller et al. [27], reporting size variability in two 
Neocalanus species over a 20-year period, found that cephalosome length showed greater 
inter-annual than intra-annual variability. However, these data, derived from an oceanic 
pelagic environment in a cold sub-Arctic sea and from resting individuals living in deep 
waters, should not be correlated with temperature variation, given the constancy of water 
temperature in the investigated environment.

In general, among Calanoida of temperate coastal waters that have more than one 
generation per year, late-winter adults are commonly larger than late-summer adults. This 
general trend, however, is accompanied by another general rule that links final size to 
space/area. Indeed, in confined coastal environments (lagoons), both the body size of 
the zooplankton community as a whole and that of single species appear smaller in more 
confined areas [28–32].

Within this framework, the size of the calanoid Acartia clausi should also depend, within 
a limited geographical range, on local differences in environmental variables, mainly salinity 
and oxygen concentration, which can counteract or mask the effect of temperature [33].

Given that the body size of a species varies with season and degree of confinement, long-
term changes in body size could serve as an indicator of responses potentially associated with 
ongoing climate warming. Owing to their life-history traits, zooplankton organisms are ideal 
for studying the effects of climate on aquatic ecosystems [34], including the consequences 
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for the reproductive success of species. Indeed, in such short-lived species, the population 
is entirely replaced each year, and recruitment should be affected by climate drivers [35]. 
Moreover, the rapid response of plankton populations to climate may propagate further 
through the food web and thereby affect marine ecosystem functioning. This effect has 
been investigated in terms of abundance [36,37], but few studies have addressed body size 
variation and its effect on total biomass.

The study of past samples (if measurements were not made on fresh material) is 
complicated by the altering effect of fixative solutions (and of the duration of preservation) 
on the body size of specimens. Formalin was found to cause significant shrinkage of 
cephalothorax length, abdomen length, and total length in Acartia clausi [38], with marked 
changes in metric values during the first 3–5 months after immersion in the fixative, and no 
further changes thereafter. In a long-term study (about 20 years) of Calanoida in the Baltic 
Sea, Viitasalo et al. [25] did not consider the possible reduction in adult body size due to 
formalin fixation over different periods. Thus, the role of the fixative was not considered in 
that study, and the interannual differences were not examined from this perspective.

It is still unclear how the seasonal distribution of body size varies from year to year and 
among species, and how this may change with climate warming. Sea surface temperature 
(SST) has increased significantly worldwide over the last 100 years [39]. However, climate 
warming occurs with large interannual fluctuations, and studies investigating its effects on 
copepod body size over multiple years are available but concern only a few species [9,25]. 
The study of the effect of temperature on body size over several years has only recently 
begun [40] and is already revealing differences depending on the species considered. In 
a study of collections spanning 27 years at Plymouth, UK, the seasonal temperature–size 
(T–S) response varied greatly among species, ranging from a reduction of 2.93% in carbon 
mass °C−1  in Paracalanus parvus to a reduction of 10.15% in carbon mass °C−1  in Temora 
longicornis. Evidence of a long-term T–S response was detected in at least two species, and 
in more than two when samples from April were excluded, a month in which population 
abundance interferes with temperature in determining final body size [40]. Together with 
similar findings in Acartia tonsa and A. hudsonica [41] and in fish [42], these results suggest 
that long-term T–S responses may also occur in other copepod species, a hypothesis that 
requires further testing.

The availability of the members and sites of the European Long-Term Ecological Re-
search network (LTER-Europe) makes it possible to plan historical studies on marine 
organisms in order to understand natural and human-induced changes in ecosystems at 
local and global scales. The Mar Piccolo of Taranto, in the Taranto Sea System, is one of the 
Italian LTER sites (DEIMS ID IT22), and Acartia clausi is one of the best-known and most 
geographically widespread species in the Mediterranean Sea [43]. The aim of the present 
study was to investigate whether the body size of this species has been affected by ongoing 
climate warming, taking into account the influence of sex, season, spatial distribution, and 
the fixative solution used for the samples.

Past samples (from 2004 onwards) were compared with recent ones (2021), and ge-
ographically distant populations of the species (Italian and Tunisian) were considered 
to better understand the relationship between the adult size of A. clausi and the water 
temperature experienced during the lifetime of the individuals.

2. Materials and Methods
Adult specimens of Acartia clausi (Calanoida) were isolated from samples collected in 

the Mar Grande (MG) and Mar Piccolo (MP) of Taranto (Italy; collections 2004–2006 and 
2020–2021) and in the Gulf of Gabes (Sfax, Tunisia; collections 2008 and 2014) (Figure 1). 
Italian samples were collected (over the entire time span) with a plankton net of 80 μm mesh 
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size and a circular mouth 54 cm in diameter, towed obliquely from the bottom (25 m in MG 
and 11 m in MP) to the surface, for a final filtered volume of 1–2 m3  per sample. Samples 
were collected at two stations (MG, lat. N 40°27′12.15″; long. E 17°12′51.46″. MP, lat. N 
40°29′17.74″, long. E 17°15′13.41″) with different levels of geographic confinement (low 
at MG, high at MP) (Figure 1). The Gulf of Gabes is a neritic environment, less confined 
than the Taranto seas (Figure 1), extending along the southeastern coast of Tunisia to the 
Libyan border. Samples were collected at Sidi Mansour, on the northern coast of Sfax (lat. 
N 34°48′53.67″; long. E 10°43′51.06″), where sampling was carried out twice per year (2008 
and 2014), in January and August, by towing a plankton net of 100 μm mesh size obliquely 
through a 1.5 m water column, for a final filtered volume of approximately 0.5 m3 .

Figure 1. (Left)—location of the two sites (Taranto and the Gulf of Gabes) where Acartia clausi 
specimens were collected. (Right)—position of the sampling stations (stars) at each site.

The slight difference between the mesh sizes used in Tunisia and Italy was considered 
not to affect the body size of the studied specimens, as all were adults and considerably 
larger than the mesh size used.

Each isolated individual was measured from the anterior end of the head to the poste-
rior border of the cephalothorax (Figure 2) under a compound microscope (Zeiss Axiovert 
S-100; Carl Zeiss GmbH, Jena, Germany) equipped with the measurement module of the 
Leica Application Suite X (https://www.leica-microsystems.com/products/microscope-
software/p/leica-las-x-id/ accessed on 14 September 2025) with a precision of 0.01 mm. 
The Gulf of Gabes specimens were measured with an ocular micrometer (Carl Zeiss 44 41 
32 01, Plus 10×/18, Carl Zeiss GmbH, Jena, Germany).

Cephalothorax length was chosen to avoid errors arising from including the abdomen, 
which is often curved relative to the cephalothorax.

Measurements were grouped into different clusters according to the sex of the spec-
imens, the sampling date, the water temperature (on the collection date and one and
two months before, to account for the post-embryonic development of the specimens), the 
collection station (Taranto only), and the year (Table 1).
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Figure 2. Acartia clausi adult female (a) and male (b), (redrawn from [44]). The measured part of 
the body (cephalothorax) is indicated (BSL = body size length).

Table 1. Sites, dates, measured specimens, and water temperatures in the present study. Mean 
cephalothorax (prosome) lengths (μm) are reported for each cluster of specimens. Water temperatures 
are averages of surface and bottom values for each date (collection date, 1 month before, and 2 months 
before). Average values are shown in bold. Average I–II values were obtained from the collection 
date and one month before. Missing values indicate that no specimens were measured.

Geographic Site Dates Specimens Prosome Length Water Temperature

Females Males Females Males Coll. 
Date

One Month 
Before

Two Months 
Before

Average
I–II

Taranto, M Grande January 2005 35 35 858.86 895.72 14.01 16.62 16.78 15.32
April 2005 35 35 842.74 834.88 15.78 11.61 12.26 13.70

Winter 2005 70 70 850.80 865.30 14.89 14.12 14.52
July 2005 35 35 645.64 563.02 24.86 21.10 22.98

October 2005 35 35 737.73 733.13 21.86 23.79 25.29 22.83
Summer 2005 70 70 691.68 648.08 23.36 22.45 25.29
January 2006 35 35 952.85 879.56 12.04 13.47 19.02 12.76
March 2006 35 35 925.00 848.39 12.58 12.77 12.04 12.68
Winter 2006 70 70 938.92 863.97 12.31 13.12 15.56

July 2006 35 35 742.87 605.91 25.57 20.32 16.34 22.95
October 2006 35 35 773.42 718.26 21.17 23.41 24.04 22.29
Summer 2006 70 70 758.14 662.08 23.37 21.82 20.19

July 2020 35 35 786.08 743.92 24.78 22.21 17.50 23.50
January 2021 35 35 866.99 822.52 12.59

Taranto, M Piccolo January 2005 35 25 807.47 858.14 13.01 15.77 16.29 14.39
April 2005 35 35 903.47 823.80 16.87 11.60 10.58 14.24

Winter 2005 70 60 855.47 840.97 14.94 14.68 13.43
July 2005 35 35 608.88 547.46 27.02 23.77 25.40

October 2005 35 35 688.05 673.97 21.80 23.98 28.08 22.89
Summer 2005 70 70 648.47 610.72 24.41 23.88 28.08
January 2006 10.75 11.99 18.88 11.37
March 2006 35 35 925.01 852.53 12.36 11.10 10.75 11.73
Winter 2006 35 35 925.01 852.53 11.55 11.54 14.86

July 2006 35 35 623.92 568.16 26.05 22.29 18.15 24.17
October 2006 19 10 661.21 665.44 21.70 23.90 24.72 22.80
Summer 2006 54 45 642.57 616.80 23.87 23.10 21.44

July 2020 35 35 740.88 696.71 26.03 23.30 19.11 24.67
January 2021 10 10 801.40 809.00 11.68 15.04 13.36
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Table 1. Cont.

Geographic Site Dates Specimens Prosome Length Water Temperature

Females Males Females Males Coll. 
Date

One Month 
Before

Two Months 
Before

Average
I–II

Gulf of Gabes, Sfax January 2008 35 35 949.83 936.46 11.75
August 2008 35 35 828.51 772.71 28.16
January 2014 35 35 927.49 838.26 13.79
August 2014 35 35 786.63 743.34 29.57

All the measured specimens from Taranto (Italy) came from samples preserved in 
ethanol (final concentration of 75–85% in seawater). Those collected in the Gulf of Gabes 
(Sfax, Tunisia) were measured fresh, before fixation in formalin (4% of total volume). The 
different condition of the specimens (fixed in ethanol or freshly collected), in addition to the 
different measuring devices used (electronic vs. optical), prevented a reliable comparison 
between the two geographic sites.

To obtain sufficient numbers for statistical analysis, 35 individuals were measured per 
data cluster. Data for the Taranto population were obtained from two sexes, two sites (MG 
and MP), two years (2005–2006) with four seasons per year (March or April, July, October, 
and January), and one further year (2020–2021) with two seasons (July and January), for a 
total of 1140 specimens measured. Not all dates yielded a satisfactory number of specimens; 
therefore, different analyses of the adult body size of Acartia clausi were designed and 
carried out according to the availability of comparable data sets:

- Sex differences (all measured specimens from Taranto, 2004–2006 and 2021, and from 
Sfax, 2008 and 2014);

- Seasonal variation (for each sex and each period: Taranto, 2004–2006 and 2020–2021; 
Sfax, 2008 and 2014);

- Site differences (Taranto only, MG vs. MP, 2005–2006 only);
- Correlation with the average temperature on the collection date (each sex and each 

site analysed separately, over the whole study period: 2004–2006 and 2021 for Taranto, 
and 2008 and 2014 for Sfax).
Body size measurements were plotted against water temperature (values on the collec-

tion date and one and two months before zooplankton collection).
Data were statistically compared using one-way ANOVA followed by Bonferroni post 

hoc tests to assess differences among more than two years. Student’s t-test was used to 
assess significant differences in size between sexes, sites, and dates.

The correlation between the size of the Italian and Tunisian populations and water 
temperature was assessed using Pearson’s correlation coefficient. Statistical analyses were 
performed with XLSTAT 2019 (version 2.2).

3. Results
Acartia clausi adult females from Taranto were larger than males in all the analysed 

periods, with only rare exceptions (e.g., at MG in January 2005; Table 1). Female length 
ranged from 608.88 to 952.85 μm (mean ± SD = 783.81 ± 106.69 μm), while male length 
ranged from 547.46 to 895.72 μm (mean ± SD = 744.24 ± 114.89 μm) (Table 1, Figure 3). 
Student’s t-test revealed a highly significant difference in mean length between females and 
males (t = 5.76; d.f. = 1138; p < 0.0001), as well as between winter and summer adults 
(Figure 4).
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Figure 3. Mean prosome length of males and females from Taranto and Sfax (all dates and
sites combined).

Figure 4. Effect of season on the adult size of Acartia clausi at the Taranto and Sfax sites. Comparisons 
were made between seasons within each year (Student’s t-test: ** p < 0.01, *** p < 0.001).

In A. clausi from Sfax, female body size ranged from 828.51 to 949.83 μm (mean ±
SD = 873.11 ± 59.05 μm), while male body size ranged from 772.71 to 936.46 μm (mean 
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± SD = 822.69 ± 39.67 μm) (Table 1, Figure 3). The prosome length of winter adults was 
significantly greater than that of summer adults in both 2008 and 2014 (Student’s t-test,
p < 0.0001) (Table 1, Figure 4).

In each year considered, adults of the Taranto population were larger in the winter 
generations (January and March samples, from three years and two sites) than in the 
summer generations (July and October samples) (Table 1). The range of size variation 
(Taranto extreme values: 608.88–952.85 μm for females and 547.46–895.72 μm for males) 
was similar in the two sexes, with the largest adults found in winter (Table 1).

When three distinct years were compared in Taranto (only July and January data were 
used for this comparison), adults from July 2020 were larger than those from July 2005 and 
2006, whereas the comparison of January measurements showed the opposite result (adults 
from 2005 larger than those from 2021) (Table 1, Figure 5). Statistical analysis indicated as 
significant the difference between females of 2005 and 2006 (t-test, p < 0.001) and all the size 
variations between years, although with contrasting trends: the size of winter specimens 
(January) decreased slightly from 2005 to 2021, whereas that of summer specimens (July) 
increased during the same period (Figure 5).

Figure 5. Boxplots showing the temporal variation in prosome length of males (A) and females (B) 
of A. clausi at the Mar Grande and Mar Piccolo sites in Taranto. F-values and p-values correspond to 
the results of the multi-year ANOVA. Different lowercase letters on the boxes at each site indicate 
significant differences between years (Bonferroni post hoc test, p < 0.05).

Regarding the comparison between the two adjacent areas of Taranto (Mar Grande 
and Mar Piccolo), in the analysed period (2005 and 2006) the average size of adults (both 
females and males) was larger at MG than at MP (Figure 6).

In the Gulf of Gabes, adult males and females in summer and winter 2008 were 
significantly larger than those observed in summer and winter 2014 (Table 1) (winter: 
males, t = 18.04, d.f. = 56.70, p < 0.0001; females, t = 3.50, d.f. = 37, p = 0.01; summer: 
males, t = 7.83, d.f. = 68, p < 0.0001; females, t = 8.65, d.f. = 50.5, p < 0.0001).
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Figure 6. Boxplots illustrating the spatio-temporal variation in the length of adult males and females 
of A. clausi at the Mar Grande and Mar Piccolo sites in 2005 and 2006. Within each box, the red 
cross and the horizontal line represent the mean and the median, respectively. Significant differences 
between sites: ** p < 0.01 (Student’s t-test); significant differences between dates: ### p < 0.0001.

For the Taranto data, the exploration of a possible correlation between size and water 
temperature (on the collection date and one and two months before collection, to account 
for the possible effect on the post-embryonic development of the specimens) showed, in 
all the examined cases (sex, years, and sites), a statistically significant negative correlation 
with the temperature on the collection date and with that of the preceding month, but 
not with the temperature two months before, except for females at MP (Table 2). For 
the Sfax population, in the winters of 2008 and 2014, adult size was positively correlated 
with water temperature, but not significantly (except for female length in 2014: r = 0.36;
N = 35; p = 0.032). In the two summers, adult size appeared to be negatively correlated 
with temperature, except for males.

Table 2. Correlation matrix (Pearson’s coefficient) between the size of Acartia clausi adults and 
water temperature on the sampling date and one and two months before. * p < 0.05, ** p < 0.01,
*** p < 0.001.

Site Mar Grande Mar Piccolo

Temperature Males Females Males Females

coll. date −0.880 ** −0.896 *** −0.909 *** −0.797 **
one month before −0.697 * −0.780 ** −0.864 ** −0.922 ***
two months before −0.220 −0.251 −0.519 −0.705 *

4. Discussion
In a recent study, Corona et al. [40] measured 891 adult females of A. clausi (from 

several collection dates) in samples collected in the Southampton marine area (UK). The 
average prosome length of those females (891 individuals, 921.03 μm) was greater than 
that of the Taranto females (624 specimens, 791.27 μm) and the Sfax females (140 speci-
mens, 873.11 μm). However, the size ranges of both the Southampton specimens and the 
Mediterranean specimens of the present study show a wide overlap between the data sets. 
In any case, the established link between adult size and water temperature [15,16,30] also 
suggests that the larger prosome length of the Southampton population could be explained 
by the lower average temperature of UK marine waters compared with the Mediterranean. 
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Finally, habitat should also be considered, since it has already been demonstrated [30], and 
was also found in the present data, that in confined environments the same species has 
smaller individuals than in the open sea.

The hypothesis of a link between temperature and body size in Acartia clausi was 
supported at the seasonal scale, where a clear negative correlation between size and temper-
ature emerged within the annual cycle. In contrast, the comparison of distant time periods 
provided only partial support, as no clear long-term relationship could be detected. This 
may be because recent warming was either not clearly evident in Taranto or still insufficient 
to produce a detectable effect on the body size of A. clausi.

Of the two drivers analysed, confinement is the heterogeneous one, temperature being 
the homogeneous one. Confinement of a water body is a complex concept encompassing 
many features, but it is mainly determined by the rate of water renewal and oxygen con-
centration (corresponding to the lack of the “vital elements” of marine origin described by 
Guelorget and Perthuisot [45]). As a driver, confinement also includes biotic factors such 
as crowding, food depletion, and predation pressure. Its effect is therefore complex and not 
easy to manage or interpret.

Ongoing climate warming might affect the body size of A. clausi and, more generally, 
of most zooplankton species. The future consequences of size reduction cannot be easily 
predicted. Indeed, if a reduction in copepod size is not accompanied by a corresponding 
reduction in the size of the organisms constituting its food particles, the food web will be 
readily modified, with consequences that are difficult to foresee.

Consequently, this result supports the use of A. clausi as a clear indicator of the tem-
perature regime (and of ongoing climate warming) only if studies are restricted to very 
circumscribed sites, in order to avoid the confounding effect of confinement, which was 
evident even between sites as close as Mar Grande and Mar Piccolo in Taranto.

The present study provides data for interpreting size variability in adults of a planktonic 
species, which is linked not only to temperature but also to sex and site confinement. 
Contrary to what might be expected, the temperature experienced by each individual 
during its post-embryonic development was not a good indicator of its final body size. Final 
size was instead readily predicted by water temperature on the date of adult collection or 
one month before. In the present study, temperature values two months before the capture 
dates were not correlated with the final body size of A. clausi. The period during which 
environmental conditions may affect growth and final body size is that of post-embryonic 
development: the first naupliar instar (NI) is separated from the final copepodite instar
(= adult, CVI) by 15–40 days [46], to which the adult lifespan of 22–78 days must be 
added [47]. On this basis, we can assume that the A. clausi adults of the present study were 
captured, on average, 66.5 days after birth (range: 15–118 days). An interesting suggestion 
arising from the present study is that the final body size of Acartia clausi seems to be affected 
more by the temperatures experienced during the last copepodite stage than during the 
naupliar stage. An alternative explanation could be a resting period of copepodites, which 
would further separate the naupliar stage in time from adult collection. However, this 
possibility (suggested by [16,19]) remains to be verified in Mediterranean A. clausi.

5. Conclusions
The present study suggests that, although adult body size in A. clausi is affected by water 

temperature, the role of additional conditions, such as the degree of confinement of the site, 
deserves attention. Many additional drivers are considered in the scientific literature [48], 
but temperature remains the factor most strongly (and inversely) correlated with final 
body size. In the present study, the comparison of distant years suggests that temperature 
variation does not clearly dominate the scenario, as temperatures were approximately the 
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same in distant years in Taranto. This allowed site confinement, which varies in space but 
also in time (each site may show a different level of confinement in different years), to 
interfere with the final result. Consequently, although the body size of A. clausi is a reliable 
indicator of environmental temperature, we suggest that it be used only in local population 
analyses (within geographically delimited areas).

Sfax and Taranto adults were collected, treated (preserved), and measured with dif-
ferent methods, which does not allow a direct comparison between the two geographic 
populations. The limited comparability of the data sets prevents us from attributing the 
larger size of the Sfax adults to any environmental difference (e.g., the lower degree of 
confinement). We therefore recommend that comparative studies across distant periods be 
restricted to single geographic sites.

Finally, in Taranto, the temperature on the capture date appeared to be the best indicator 
of final body size, whereas temperatures one and two months before the capture date 
(possibly corresponding to earlier developmental stages of the measured adults) were less 
correlated and not correlated, respectively.

The present results can complement data on the variability of fecundity/fertility in A. 
clausi (and other Calanoida), since the abundance and biomass of copepod populations are 
undoubtedly of pivotal importance in marine food chains.

The study of size variation in A. clausi should be encouraged, given the wide distribu-
tion of the species and its year-round presence in the water column. Such studies could 
easily be carried out at LTER sites (such as Taranto) located throughout Europe and the 
Mediterranean area, where continuous records of abiotic water features and continuous 
collection of plankton samples would provide important support for the proposed role of 
plankton species as ecological indicators.

Some traits, such as body size, span several functions and are considered major deter-
minants of zooplankton ecological strategies [49]. Adding trait measurements to future 
zooplankton studies would help to build a matrix of key traits for diverse taxa and to ex-
plore its usefulness for identifying general patterns. New predictive models and improved 
community metrics that incorporate traits and their associated trade-offs could then emerge 
to explain and predict zooplankton community structure and dynamics under different 
environmental conditions, thus improving our understanding of ongoing global change 
scenarios [50].
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