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Size-fractionated chitin contribution to seston, with linkages to 
the copepod Acartia

The main purpose of the present work was to determine chitin from experimental size-fractioned incubations 
of the copepod Acartia tonsa, considered one of the primary sources of chitin in the Bahía Blanca Estuary. 
Sampling was performed during the austral warm season at one station in 2014 and 2015. Field-collected females 
(200 individuals) and males (100 individuals) were incubated in 8 L containers in the laboratory simulating in situ 
environmental conditions of temperature and salinity for 72 hours. Chitin content was measured in different 
size fractions (20-60, 60-135 and ≥135 μm). Particulate organic matter and dry weight were also determined in 
the different size fractions. Highly agglutinated debris, pellets, and natural food (diatoms and tintinnids) were 
observed in the 20-60 μm size fraction, with a maximum of 0.68±0.21mg L-1 chitin, and the highest contribution 
of chitin to POC (34.62±18.50 %). Eggs, nauplii and natural food (diatoms and tintinnids) were observed in the 
60-135 μm size fraction, with a maximum of 0.20±0.12 mg L-1 chitin and a contribution to POC of 9.80±5.00 %. 
Acartia adults and their exuviae were observed in the ≥135 μm size fraction, with a maximum concentration of 
chitin of 0.67±0.40, and a maximum contribution of chitin to POC TS of 30.47±27.23 %. Differences were detected 
between the different fractions in chitin, POC and DW, indicating that the 20-60 and ≥135 µm size fractions 
were both an important contribution of chitin in the experiment. Our results suggest that pellets, carcasses and 
exuviae along with natural food and organic aggregates were the main source of chitin in this system.
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INtrODUctION

Chitin is composed by a poly-β-1,4-N-acetyl-D-
glucosamine, is one of the most abundant biopolymer 
in the ocean with a global production rates estimated 
at approximately 1010-1011 tons year-1 (Gooday, 1990). 
It is found in numerous marine organisms, including 
cell walls of fungi, yeast, cyst walls of some ciliates 
and amoebae, lorica walls of some ciliates, and 
diatoms (e.g., genera Thalassiosira and Skeletonema); 

it is also the main component of the exoskeleton of 
crustaceans (Gooday, 1990; Smucker, 1991). Studies 
on zooplankton and benthic communities of the 
Mediterranean Sea have shown that the total chitin 
quantification in the whole marine biocycle would 
be at least 2.3 million metric tons per year (Jeuniaux 
and Voss-Foucart, 1991). Among crustaceans, 
Copepods are a main source of chitin in temperate 
and tropical latitudes (Jeuniaux and Voss-Foucart, 
1991). The copepod chitin stock based on the chitin 
product of individual chitin content and abundance 
exceeds billions of tons in the marine environment 
(Johnstone, 1908; Jeuniaux and Voss-Foucart, 1991).

Processes such as molting, pellet and egg 
production, and carcass production contribute 
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copepod chitin, which is incorporated into “marine 
snow” (organic matter aggregates ≥0.5 mm in 
diameter) (Alldredge and Gostschalk, 1990; Simon 
et al., 2002; Turner, 2002). Degradation processes 
by chitinolytic organisms, particularly bacteria, take 
place in these aggregates, constituting the key step 
in degrading chitin to carbon and nitrogen in marine 
systems (Beier and Bertilsson, 2013). Living copepods 
and their exuviae contribute hot spots in which 
bacterial degradation processes transform chitin into 
biologically useful material that can be used by the 
entire marine food web in the marine environment 
(Souza et al., 2011; Tang et al., 2010).

The cosmopolitan copepod Acartia tonsa is the 
dominant species in many subtropical-temperate 
estuaries and marine coasts (Mauchline, 1998). It 
has been intensively studied, since it is easily kept in 
culture (Kiørboe et al., 1985; Stottrup, 2000; Broglio 
et al., 2003; Calliari et al., 2006; Peck and Holte, 2006; 
Calliari et al., 2008). Wild populations have been 
studied in several estuaries, given their central role 
as secondary producers in their trophic chain (Heinle, 
1966; Durbin and Durbin, 1981; Escaravage and 
Soetaert, 1995; Muxagata et al., 2012; Leandro et 
al., 2014). Acartia tonsa is considered one of the key 
species in the Bahía Blanca Estuary (BBE), Argentina, 
and shows the highest abundance values (1200-
10869 ind. m-3) during the warm season (Sabatini, 
1989; Hoffmeyer, 2004; Dutto et al., 2012; Berasategui 
et al., 2016). Previous studies on chitin quantification 
on seston samples from the BBE suggested that most 
the chitin was micro-detritus from exuviae and pellets 
of A. tonsa during the warm season (Biancalana et 
al., 2017a; Biancalana et al., 2019). However, little is 
known about the production and stock of chitin by 
this copepod and its contribution to the seston in this 
ecosystem. It can be inferred that A. tonsa could be 
the primary source of this biopolymer in this system, 
as it occurs in other estuaries in the warm season.

In this study, we measured chitin concentrations 
in incubations of different size fractions of seston 
in the presence of the copepod Acartia tonsa. 
Laboratory incubations of adult of A. tonsa were 
performed during its peak production season in 
the BBE. In addition, the particulate organic carbon 
(POC) and the dry weight (DW) in each fraction were 
measured to determine their relationship with chitin 
supply. This work provides information about which 

chitinous material from A. tonsa, particularly the one 
formed by chitin, was part of the organic matter 
aggregates in this estuarine system.

MAterIAl AND MetHODs

stUDY AreA
The BBE (38°44′-39°27′S and 61°45′-62°30′W) is a 

mesotidal, temperate and turbid estuary, located in the 
southwestern Atlantic Ocean (Figure 1). Sampling and 
in situ measurements were performed at Cuatreros Port 
(CP), which is located in the innermost area of the BBE. 
This zone shows a marked seasonal variation in water 
temperature (5-27°C) and salinity (17.3-41.9), being 
hypersaline during warm seasons (Freije et al., 2008). 
The annual mean concentration of dissolved oxygen 
is close to ~ 7 mg L−1, reaching greater values during 
phytoplankton blooms in winter and late summer 
(Freije et al., 2008; Popovich and Marcovecchio, 2008). 
Suspended sediment concentrations vary between 
30 and 400 mg L−1 (Perillo et al., 2001). The system is 
characterized by high concentrations of planktonic 
and detrital biomass of native and autochthonous 
origin that is part of the natural diet of zooplankton, 
which in turn is a food staple for several species of fish 
commercial interest (Diodato and Hoffmeyer, 2008; 
Guinder et al., 2010).

The phytoplankton dynamics in the BBE have been 
studied over the past three decades; the annual cycle 
has been characterized by a diatom bloom belonging 
to the genera Thalassiosira and Chaetoceros (Guinder 
et al., 2010). Phytoplankton follows a bimodal pattern, 
with an important winter bloom of 8000-9000x103 
cells. L-1 and a summer bloom of smaller magnitude 
(1500-2000x103 cells. L-1), with predominance of the 
diatom Thalassiosira minima (Guinder et al., 2010; 
Guinder et al., 2012). Among the  microzooplankton, 
loricated ciliates (tintinnids), mainly the small 
species belonging to the genera Tintinnidium, 
Leprotintinnus, Tintinnopsis, and Codonellopsis, have 
higher abundances in summer and autumn (10x103 
ind. L-1 and 5x103 ind. L-1) (Pettigrosso and Barría 
de Cao, 2007). Within mesozooplankton, copepod 
species are mainly represented by Acartia tonsa, 
which has an annual mean abundance of 695.48 
ind. m−3, being this copepod the predominant 
holoplanktonic species of BBE (Berasategui et al., 
2018). This species is found in the water column 



Biancalana and Berasategui: Acartia tonsa and chitin 

Ocean and Coastal Research 2020, v68:e20299 3

throughout the year, with a maximal abundance 
during the warm season (austral summer: December 
to March,) and minimal abundance during the cold 
season (austral winter: June to August) (Berasategui 
et al., 2018). In particularly, A. tonsa was the most 
abundant (4342±3197 ind. m-3) component of the 
mesozooplankton (5593.39 ind. m-3), in the Cuatreros 
Port during this study period (data unpublished).

sAMPlINg PrOceDUres AND MetHODs
Sampling was performed during times of greatest 

Acartia tonsa production (Sabatini, 1989; Hoffmeyer, 
2004; Dutto et al., 2012; Berasategui et al., 2016) in 
the BBE, in two consecutive years (18 February 2014, 
18 March 2014 and 21 April 2014; 09 December 2014, 
12 January 2015 and 23 February 2015). On each 
sampling date, females and males of A. tonsa were 
obtained through four oblique hauls of 10 minutes 

each one, working in the opposite direction of the 
ebb tide. The hauls were done using a plankton net of 
200 µm- mesh and 0.30 m diameter with a solid cod 
end to avoid damage to the specimens. Subsequently, 
each haul was filtered through a 1.5 mm sieve 
to remove the predominant mesozooplanktonic 
predators, such as Parasagitta sp., ichtyoplankton, 
small jellyfish and ctenophores (Hoffmeyer, 2007; 
Dutto et al., 2017). Then, the sample was placed in 
10 L bottles and transported in a thermal container 
to maintain the environmental temperature (~ one 
hour) until arrival at the laboratory.

On each sampling date, surface water 
(0.5 m depth) samples were also collected using 
10-20 L PET bottles for the incubation medium. 
Surface temperature and salinity were recorded 
using a PCE-PHD1 at the same time of the sample 
collection.

Figure 1. Map of the Bahia Blanca Estuary, showing Cuatreros Port (CP, upper left side).
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lAbOrAtOrY PrOceDUres
The seawater extracted to be used as incubation 

medium was previously filtered to a 60 µm sieve. 
This pore size was chosen considering the optimum 
size range (15-70 µm) of Acatia tonsa adult prey 
(Berggreen et al., 1988) and to avoid the introduction 
of other copepod nauplii and Grapsidae zoea present 
in the BBE during the warm season (Hoffmeyer, 2007).

Live mesozooplankton samples (10 L bottles) 
were diluted using in situ filtered seawater 
(≤60 μm) and transferred into plastic 20L containers 
for acclimation (~24 hours). Adult specimens were 
subsequently selected under stereomicroscope for 
experimental incubation. A total of 200 females and 
100 males were placed in an incubation bottle filled 
with 8L of in situ filtered seawater (37 individuals L-1). 
Three incubations bottles (n=3) were simultaneously 
performed (Figure 2). The first incubation bottle 
was used to determine chitin in different fractions 
(Figure 2A); the second bottle was used to determine 
POC per fractions (Figure 2B); the third bottle was 
used to analyze the composition (nauplii, eggs, 
pellets, exuviae) in each studied fraction (Figure 2C). 
These incubation sets were performed in turn on 
each sampling date.

The incubations were carried out in a culture 
chamber for 72 hours at 18±1 °C, salinity of 32±2, and 
~16 hours light (Berasategui et al., 2018). Aeration 

with bubble air was provided into the culture medium 
to avoid the decrease of oxygen. At the end of the 
incubation time, each experimental incubation was 
filtered through a set of sieves of 135-60-20 μm to 
determine the contributions of chitin and carbon by 
Acartia tonsa (Figure 2). These fractions were chosen 
considering the size and development of adults, 
eggs and nauplii (Sabatini, 1989; Leandro et al., 2006; 
Berasategui et al., 2016): Fraction I, between 20-60 
µm and composed of fecal pellets, remains of nauplii, 
and chorion of hatched eggs (88±37 - 168±35 fecal 
pellet length, 40±6 - 37±8 fecal pellets width; Hansen 
et al., 1996); Fraction II, between 60-135 µm and 
composed of eggs (85-100 µm; Berasategui et al., 
2016), nauplii (Leandro et al., 2006), and disintegrated 
remains of adult and nauplii exuviae; and Fraction 
III, ≥135 µm and composed by live and dead adults 
(size 1-1.3 mm, Sabatini, 1989). Samples were fixed in 
buffered formalin (4 % formaldehyde diluted in filtered 
seawater), and the fixed samples examined under a 
Nikon SMZ 1500 stereoscopic microscope. The number 
of eggs as unhatched eggs (UE), chorion of hatched 
eggs (HE), death ratio (DR%; total death individuals in 
the experimental bottle/initial total individuals in the 
experimental bottles), number of pellets, carcasses, 
exuviae and nauplii were determined from these 
samples. Before filtering all the content of incubation 
bottle through the different size sieves (see Figure 2C), 

Figure 2. Methodological diagram showing the procedure for incubation and determinations in seston size fractions. * DR%; total death 
individuals in the experimental bottle/initial total individuals in the experimental bottles.
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the settled portion was used to observe the number 
dead organisms under a stereoscopic microscope in 
order to calculate DR%.

For all the determinations, the material filtrated 
through the different sieves mentioned before 
was taken to ~500 mL with filtered seawater (aged, 
filtered by 1 and 0.7 µm, filter pore, and autoclaved). 
For chitin determination, the samples were vacuum-
filtered using glass fiber filters (GF/F - 0.7 µm pore) 
that were previously burned at 450 ºC for 4h. 
Then, the filters were dried at 50 ºC for 12h. Chitin 
content was measured by the FITC-WGA-method 
following Montgomery et al. (1990). The method was 
calibrated with purified crab chitin (Sigma-Aldrich, 
St. Louis, MO, USA) as standard and quantified by 
fluorometric measurement of excess wheat germ 
agglutinin (WGA) after its reaction with fluorescein 
isocyanate (FITC). The chitin quantification (mg L-1) 
in each fraction was made it by triplicate. Material 
samples for particulate organic carbon (POC, mg L-1) 
determination were filtered through muffled (450 
ºC, 1h) glass fiber filters (GAMAFIL-GF/F - 0.7 µm 
pore). The POC concentration (µM) was measured 
following the Strickland and Parsons (1968), using a 
UV-Vis Jenway 6715 spectrophotometer. Only one 
determination was made in each fraction. The dry 
weight of seston (DW, mg L-1) for each fraction and 
each month was determined gravimetrically after 
drying at 50 ºC to a constant weight.

stAtIstIcAl ANAlYses
Two-way analysis of variance (ANOVA) was used 

to detect differences on the concentration of chitin 
(mg L-1), POC (mg L-1) and DW (mg L-1) monthly and 
by fraction. The chitin concentration and POC were 
square root transformed to meet the assumptions 
or normality and homoscedasticity for the ANOVA. 
When statistical differences were detected in the 
two-way ANOVA analysis, a post-hoc Tukey’s test was 
applied to detect in which seston fraction and months 
there were significant effects on the concentration 
chitin, POC and DW. This analysis was conducted 
at a significant level of 0.05, by SPSS 15.0 software. 
Permutational Multivariate Analysis of Variance 
(PERMANOVA) was applied to detect the differences 
in the patterns of variables regarding fractions and 
months, also using square root transformations. 
The Bray-Curtis similarities matrix was used in the 

analyses above. These analyses were done using 
the PRIMER 6 software. Undetectable POC values for 
January 2015 were assumed to be zero for, the Two-
way ANOVA and PERMANOVA analyses. Thus, the 
differences found in this variable could have been 
overestimated.

resUlts

The maximum concentration of chitin was 
0.68±0.21 mg L-1 in the fractions 20-60 µm in January 
2015 (Figure 3). The highest contribution of chitin to 
POC (34.62±18.50 %) was observed in this fraction in 
December 2014, and the highest contribution of this 
polymer to DW (12.58±3.97 %) was observed in January 
2015 (Figure 3). Highly agglutinated debris, copepod 
pellets, and natural food (diatoms and tintinnids) were 
observed in this fraction (Figures 4A and 4D).

The concentration of chitin in the 60-135 μm size 
fraction was lower than in the 20-60 μm size fraction 
during the whole study (Figure 3), with a maximum 
chitin concentration of 0.20±0.12 mg L-1, contributing 
25.41±14.97 % to DW in April (Figure 3). The highest 
contribution of chitin to POC (9.80±5.00 %) was 
observed in this fraction in December 2014. In this 
fraction, UE and HE and nauplii were mostly observed. 
In addition, agglutinated debris, carcass remains 
and natural food (diatoms and tintinnids) were also 
observed (Figures 4B and 4D).

In the ≥135 µm size fraction, the highest values of 
0.67±0.40 mg L-1 was observed in January 2015 
(Figure 3). The maximum contribution of chitin to 
POC was 30.47±27.23 % in February 2014 and its 
contribution to DW was 35.08±20.63 % in February 
2014. Acartia tonsa adults (carcasses) and exuviae 
dominated this fraction (Figures 4C and 4D).

Significant differences were detected in chitin 
concentration and DW between seston fractions (Two-
way ANOVA, p≤0.05) (Table 1, Figure 5). There were no 
differences in POC (Two-way ANOVA, p=0.05) between 
seston fractions (Table 1, Figure 5). Differences in the 
POC and DW (Two-way ANOVA, p≤0.05) were found 
between months, but not in the chitin concentration 
(Two-way ANOVA, p=0.05) (Table 1, Figure 5). 
Significant differences in DW were detected between 
the 20-60 µm size fraction and the remaining fractions 
(20-60 and ≤135 µm) (Tukey’s test, p≤0.05). Also, 
significant monthly differences were found in the 
concentration of DW between March and April 2014, 
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Figure 3. The concentration of chitin (mg L -1), the proportion of chitin in DW, and POC (chitin/DW% and chitin/POC%, respectively) (mean ± 
SE) in seston size fractions during the experimental period. SE: Standard Error;  * no detected.

Figure 4. A-D. Images captured by a Nikon SMZ 1500 stereomicroscope: A. Sestonic aggregates composed of pellets, detritus, phytoplankton, 
and ciliates in fraction 20-60 µm (6X); B. Unhatched and hatched eggs (UE and HE, respectively), and nauplii together with detritus and natural 
food (diatoms and tintinnids) in fraction 60-135 µm (6X); C. Adults of A. tonsa and molts in fraction ≥135 µm (11.25X); D. Percentage of death 
ratio -DR (%), number of carcasses, UE, HE, nauplii and pellets in each fractions size.



Biancalana and Berasategui: Acartia tonsa and chitin 

Ocean and Coastal Research 2020, v68:e20299 7

and in the POC between January 2015, in which POC 
was not detected, and the remaining months (Tukey’s 
test, p≤0.05).

The PERMANOVA analysis found differences 
between fractions (F: 6.44, p≤0.01), being the 
60-135 µm size fraction in which the lowest values of 
the chitin concentration, POC and DW were observed 
(Table 2, Figure 6). Differences between months were 
also detected (F: 6.44, p≤0.01).

Table 1. The results of the two-way ANOVA applied in the chitin concentration, POC and DW by months and size fractions.

Sources SS df MS F p

Months 

Chitin 0.34 5 0.07 3.24 0.054

POC 1,280 5 0.26 8.89 0.002

DW 20.89 5 4.18 5.13 0.014

Fractions 

Chitin 0.18 2 0.09 4.24 0.046

POC 0.22 2 0.11 3.92 0.055

DW 22.74 2 11.40 14.00 0.001

Error

Chitin 0.21 10 0.02

POC 0.29 10 0.03

DW 8.14 10 0.81

Total

Chitin 3.81 18    

POC 6.72 18

DW 187.79 18    

POC: Particulate organic carbon; DW: Dry weight; * SS: Sum Square; df: Degree of freedom; MS: Mean Square; p<0.05: Significant difference; 
p<0.01: High significant difference.

Figure 5. Estimated marginal measures of Chitin, POC and DW showing the differences between fractions and months (Two-way ANOVA 
analysis). * Fractions: I: 20-60 µm, II: 60-135 µm and III: ≥135 µm. Months: 1-February 2014, 2-March 2014, 3-April 2014, 4-December 2014, 
5-January 2015, and 6-February 2015.

DIscUssION

Our experiment showed that Acartia tonsa with 
their continuous supply of chitin could be considered 
a great contributor of this polymer in the different 
size fractions, which formed part of the organic 
matter aggregates in this estuarine system. The chitin 
concentration and its contribution to POC and DW 
registered in this study reflected that the 20-60 and 
≥13 µm size fractions were the major contribution 
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Figure 6. Mean chitin concentration, POC, DW (mg L-1) in the seston 
size fractions, showing the combinations of these variables in each 
size fraction.  

Table 2. The results of PERMANOVA test. 

Source df SS MS Pseudo-F p

Months 5 3225.8 645.16 6.15 0.001

Fractions 2 1350.6 675.29 6.44 0.002

Residual 10 1048.4 104.84                

Total 17 5624.8                

* df: Degree of freedom; SS: Sum Square; MS: Mean Square; p<0.01: 
high significant difference.

by A. tonsa to the chitin pool. These results were in 
agreement with several studies, which suggested 
that copepods were an important source of chitin 
in marine systems (Souza et al., 2011, and references 
therein), and with those conducted in the seston 
from in the BBE (Biancalana et al., 2017; 2019).

The highest concentration of chitin in the 20-
60 μm fraction was presumably due to the high 
amount of fecal pellets produced by Acatia tonsa 
together with agglutinated debris and natural 

food (diatoms and tintinnids). Zooplankton fecal 
pellets of zooplankton, particularly copepods, 
contain substantial amounts of chitin, and they 
are an important source of this biopolymer 
in marine systems (Turner, 2002; Turner and 
Ferrante, 1979). Fecal pellets are encased in thin 
pellicles (peritrophic membranes) formed of 
chitin and produced in the midgut region of many 
zooplankters (Foster, 1953). The proportion of chitin 
in POC in this size fraction was high during the 
experimental period compared with the other size 
fraction. Numerous studies have shown that the 
contribution of copepod fecal pellets to the total 
material flux is highly variable, ranging from <1 % 
to 99 % (Bathmann et al., 1987; Turner, 2002). Our 
results suggested us that the great amount of fecal 
pellets could be one of the sources of chitin in this 
size fraction, contributing to the POC and DW in this 
size fraction in the BBE.

Diatoms and tintinnids, which were part of 
this specie omnivore diet (Diodato and Hoffmeyer, 
2008), have been found as a content of zooplankton 
fecal pellets, being contributors of chitin and part 
of the fecal pellets flux (Gooday, 1990; Smucker, 
1991; Turner, 2002). In addition, diatoms are 
responsible for the secretion of large amounts of 
extracellular polymeric substances (EPS) in the 
microphytobenthos of the BBE (Pan et al., 2013). 
Extracellular polymer substances from diatoms, 
bacteria and other microorganisms are the main 
binding agents of sediment, and also of fecal 
pellets (Wotton, 2011). Considering the latter, 
we could assume that in this fraction, the organic 
aggregate in which fecal pellets and debris are 
agglutinated is formed by the exudation of EPS 
by diatoms and bacteria (see Figure 5A), the kind 
of aggregate in which also fungi structures were 
distinguished has been observed in seston samples 
from the BBE (Biancalana et al., 2017b). In this 
context, and taking into account that in this study 
the chitin concentration differs between fractions, 
and chitin contribution to POC, and especially to 
DW in the 20-60 µm size fraction was important 
(see Figures 5 and 6), we infer that the agglutinated 
debris, copepod pellets and natural food (diatoms 
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and tintinnids) combined might considerably 
contribute to the chitin pool in this fraction.

The lowest values of the chitin concentration, 
POC and DW were observed in the 60-135 µm size 
fraction (see Figures 5 and 6). In the 60-135 µm size 
fraction, UE and HE and nauplii were the materials 
that Acartia tonsa provided for the chitin pool. 
Within crustacean, the chitin layer in eggs was 
observed in several genera of copepods and 
cladocera (Kaya et al., 2013). Acartia tonsa had 
different types of eggs, including resting benthic 
eggs, whose banks were in the inner zone of the 
BBE (Berasategui et al., 2016; Diodato et al., 2006). 
This source of chitin together with debris remains of 
carcasses and natural food (diatoms and tintinnids) 
were the component of the organic aggregate in 
this size fraction (see Figure 4B).

The chitin concentration in the ≥135 µm size 
fraction, which included living adults, carcasses and 
exuviae of Acartia tonsa, was higher compared with 
other fractions, and contributed to POC more than 
the 20-60 µm size fraction in this study. Zooplankton 
is an important source of this biopolymer, with an 
estimated mean annual zooplankton chitin biomass 
of 26.3mg m-3 (Jeuniaux and Voss-Foucart, 1991). 
The zooplankton chitin supply from the BBE was 
mainly presented in the form of degraded particles 
contributing to a micro-detritus pool in the seston 
size fraction ≤20 μm. (Biancalana et al., 2017a; 
2019). It is known that the carcasses and exuviae 
of zooplankton represent a concentrated reservoir 
of chitin for the water column bacteria and fungi 
(Tang et al., 2010). These organisms are capable of 
colonizing and degrading chitin rapidly, and have 
been already observed in the ≤20 µm size fractions 
(Biancalana et al., 2017b). The time of colonization 
and degradation processes on the zooplankton 
carcasses depended on the carcass type and 
environmental conditions (Tang et al., 2010, and 
references therein). In addition, in situ studies of 
chitin degradation (practical grade chitin from 
crustacean shells) with the mesh bag technique 
showed that about 90 % of the original substance 
was lost after 3 months of exposure in seawater at 
temperatures between 10 and 18 °C (Kirchner, 1995). 

In our experiment, the chitin samples were obtained 
after of 72-hour incubations. Thus, we infer that the 
decomposition of chitin might be in early stages, 
and consequently the chitin concentration in the 
≥135 µm size fraction exceeded the amount of chitin 
in the other size fraction during the experiment, 
showing the importance of carcasses and exuviae in 
this fraction as a source of chitin.

cONclUsIONs

Our results emphasize the potential of Acartia 
tonsa as a source of chitin in the constitution of 
organic aggregates in the BBE during warm seasons 
(Figure 7). The largest part of chitin was found in the 
≥135 µm size fractions, highlighting the importance 
of this fraction constituted by carcasses and exuviae 
as a supply of chitin in aquatic systems. Also the 
great amount of chitin in the 20-60 µm size fraction, 
corroborating that micro-detritus constituted by 
carcass remains, exuviae and fecal pellets from A. 
tonsa, nano-phytoplankton, and other cells (fungi and 
bacteria), play an important role contributing to the 
chitin pool in the BBE during warm season. In addition, 
POC and DW presented the highest concentrations 
in these fractions, stressing their importance for the 
understanding of the chitin dynamics and their link 
to the food web in this estuary.

This approach need to be further elaborated and 
tested considering more variables such as differences 
between live and dead organisms, egg types, and 
fungi and bacteria communities, as well as other 
copepod sources of chitin in the BBE. The inclusion of 
chitin as a component of organic aggregates and its 
function in food web models and concepts is urgently 
needed for a more comprehensive understanding of 
the ecosystem and biogeochemical cycles in the BBE 
as well as in other marine and limnetic systems, from 
selected local systems to global scale ones.
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Figure 7. Diagram showing the chitin contribution of Acartia tonsa and its possible function in biogeochemical cycles in the BBE.
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