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Mesozooplankton constitutes the most Ushuaia (UB) and Golondrina (GB) bays are
important food source for larval and planktivordiss  located on the northern coast of the Beagle Channel
and also plays a key role as an energetic link detw (54°79'S-68°22'W and 54°85'S-68°36'W, respectively)
primary producers and secondary consumer@-ig. 1). Both bays display different physical and
(KIZRBOE, 1991; NEUMANN-LEITAO et al, hydrological features. Their sizes are differerging
1999). Also, mesozooplankton supports the marineB 9 km long while GB has a length of 2.2 km. Depth
ecosystem functioning by controlling primaryin UB ranges from 6 to 30 m in some western sectors,
production and, hence, the transfer of carbon dirtou reaching up to 100-170 m in the East of this blyses
the pelagic food web (ESCRIBANO et al., 2007).to the Beagle Channel. GB is shallower than UB,
Thus, estimation of mesozooplankton biomass angkaching depths of 20 m in outer zones near to the
density is relevant from both fisheries and biotadji Beagle Channel. Both bays also differ in their bottom
oceanography viewpoints. Studies on the seasongipe. UB displays a consolidated soft-bottom with
variation of zooplankton biomass as a potentiastones and shells whereas GB has a soft and less
measurement of food sources for fish species hawonsolidated substrate. A permanent strong current
been carried out in the southern Patagonian sh&% ( moves west along the northern coast of UB at 2tm's
to 55°S)(SABATINI; ALVAREZ COLOMBO, 2001; and then progresses to the southeast along thieesout
SABATINI et al, 2001). Also, the role of coast at 16.3 cm™s while in GB the current flows
environmental forcing in determining seasonal androm the southwest with maximal velocities of 2r@ ¢
spatial zooplankton biomass distribution has bees® (BALESTRINI et al., 1998). Ushuaia City (54°48'S,
investigated in the same region (SABATINI et al.,68°19'W) has been contributing during the lastehre
2004). The zooplankton composition and dynamic imlecades with anthropogenic inputs on the coasbtf b
the Magellan region including the Beagle Channebays. Particularly, the northern zone of UB, hambee
have been well studied (GUGLIELMO; IANORA, suffering significant alterations as a result ofréstic,
1995, 1997; MAZZOCCHI; IANORA, 1991; industrial and harbor activities. As UB, GB has
ANTEZANA, 1999; DEFREN-JANSON et al., 1999; received noticeable contributions of wastewater
LOVRICH, 1999). In addition, several studies onthrough the sewage diffuser situated on the eastern
quality and quantity of mesozooplankton communitycoast of this bay (AMIN et al., 2011a, b; DUARTE et
have been carried out so far in the Beagle Channal., 2011; GIL et al., 2011). In addition, the doaf
(FERNANDEZ-SEVERINI; HORFFMEYER, 2005; GB has suffered the increased development of
BIANCALANA et al., 2007) but the variation of surrounding urban centers and tourism infrastrectur
mesozooplankton bhiomass has not been deepBiso, its coast has received the influence of the
addressed until now. unloading of the Pipo River, which receives several

This study is therefore the first attempt tourban untreated discharges (GIL et al., 2011). So,
evaluate the mesozooplankton biomass variation iseveral deleterious effects on water quality hasenb
Ushuaia and Golondrina Bays in the Beagle Channatbserved as a consequence of the uncontrolled
The main objective was to analyze the seasonal amtvelopment of Ushuaia City and its industrial zones
spatial variation of mesozooplankton biomass irs¢he (TORRES et al., 2009; AMIN et al., 2011a, b; GIL et
bays taking into account some environmental factoral., 2011).
that could be modulating its dynamics.
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Fig. 1. Map of the study area and the locatiornefdampling stations in Ushuaia and Golondrina,lBBgagle Channel.

Sampling was carried out seasonally in latestereoscopic microscope according to reference
winter (26-27 Aug 2004); late spring (09 Dec 2004)(BOLTOVSKOY, 1981; GUGLIELMO; IANORA,
late summer (02-04 Mar 2005) and late autumn (14-15995, 1997). Surface salinity and temperature
Jun 2005). Samples were obtained from 22 and @onditions were registered at each sampling datgus
stations located in UB and GB, respectivelya multiparametric probe (HORIBA U-10). Surface
Mesozooplankton samples were collected usingvater samples were also obtained by Van Dorn bottle
plankton net with a 0.30 m mouth diameter and 20@r Chlorophyll a determination (STRICKLAND;
um mesh size, by means of oblique hauls from close PARSONS,  1972).  Non-parametric  statistical
the bottom, up to the surface, aboard a motor &bat procedures were used since the results of the rirese
speed of 2 knots during 5 minutes. A Generastudy did not meet the assumptions of normality and
Oceanics® digital flowmeter was used to estimage thequality of variance (SOKAL; ROHLF, 1979). Mann-
seawater volume filtered. The volume of seawateYVhitney U-test was applied to detect differences in
filtered ranged from13.65 to 19.64in UB and from mean biomass values between bays and Kruskal-
15.66 to 19.15 rhin GB. Samples were preserved inWallis test was used to find differences among
4% formalin (BOLTOVSKOY, 1981). seasons. In cases where significant differencesigmo
Mesozooplankton biomass was estimated by theeasons were found, Mann-Whitney-test with
gravimetric method in terms of wet weight andBonferronis correction was applied. All statistical
expressed in mg WW th(POSTEL et al., 2000). The analyses were conducted at a significance levelas
samples were vacuum-filtered using a nylon fil&d ( (SOKAL; ROHLF, 1979). Surfer 8 software was used
um pore) in order to remove the interstitial waad to plot mesozooplankton biomass in order to assess
then were directly weighed in a S¢IENTESH SA210spatial distribution.
analytic balance (BOLTOVSKOY, 1981). Qualitative The mean biomass values ranged from 1.91
and quantitative analysis were done under Wild M%late winter) to 23.04 mg WW Th(late summer) in
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UB, and from 2.71 (late spring) to 4.63 mg WW? m water column causes that algal cells to receivésdin
(late winter) in GB (Fig. 2). In UB significant amount of light because of their continuously up an
differences of mean biomass were detected amormpwn movements. Consequently, the phytoplankton
seasons (p<0.01), except between late spring @ad lgproduction could be very low (SABATINI et al,
summer, while in GB no significant differences were2004). In addition, HERNANDO; SAN ROMAN
found (Fig. 2). In accordance with our results,hieig (1999) suggested that enhanced levels of UVB related
values of zooplankton biomass during spring-summep the thinning of the ozone layer, could expldie t
were found in a study conducted along the southefower phytoplankton production in the Beagle
Patagonia shelf between 50° S to 55° S latitud€hannel. Thus phytoplankton biomass and production
(SABATINI; ALVAREZ COLOMBO, 2001). In could be lower in the study area than in other
addition, these authors estimated that 60-80 % a@mnvironments of low latitudes. This fact may have a
zooplankton biomass was made up of copepods in tliirect consequence on the biomass of herbivorous
whole southern Patagonian shelf region coincidingooplankters in these areas.
with our results. The chlorophyll a values ranged from
B UB OGB 0.31(late autumn) to 11.13 mg-nflate summer) in
UB and from 0.27 (late autumn) to 2.73 mg (fate
spring) in GB (Fig. 4). The observed increase in
30 chlorophyll a values in both bays during late spring-
25 summer reflect a greater phytoplankton activity
favored by an increase in temperature, optimaltligh
condition, and high concentration of nutrients,
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Fig. 2. Seasonal variation of mesozooplankton bigsT(ang the mesozooplankton biomass could be explained not

WW m? in Ushuaia and Golondrina bays. Mean + SE (=only by the phytoplankton availability (bottom up
SDJ sq. root (n)). mechanisms) but also by predation, which must be

taken into account as a top down control. Low grgzi

In UB, the mesozooplankton biomass valuegressure of herbivores as a consequence of pradatio
ranged from 0.63 mg WW th(station 2, late winter) on them by planktonic carnivores aShemisto
to 129.46 mg WW i (station 15, late summer) (Fig. gaudichaudii, would also contribute to the
3). These biomass values were notably lower thaphytoplankton production. In addition, increases in
those reported by SABATINI; ALVAREZ mesozooplankton biomass from late spring to late
COLOMBO (2001), which found that zooplanktonsummer in UB, were associated not only with
biomass (<5 mm size fraction) ranged from 100 téemperature and chlorophyh rise, but also with
1000 mg WW ri# in spring. This difference in salinity decrease (Fig. 4). Low salinities duringrm
biomass could be due to the influence of marinéeasons in both bays are direct consequences of
currents, local wind forces, the propagation ofittid freshwater inputs from several defrost fluxes sash
waves, freshwater discharges, among others factoseams, rivers and runoff (TORRES et al., 2009;
(SABATINI et al., 2004). These authors mentioned®MIN et al., 2011b; GIL et al., 2011). Concerning
that the highly energetic flow of the Antarctic mesozooplankton biomass in GB, the lowest (0.44 mg
Circumpolar Current produce largest variances iWW m®) and the highest (12.71 mg WW3jnvalues
temperature and salinity in the southern regionwvere recorded in late winter at stations 6 and 4,
between Tierra del Fuego and Isla de los Estaddgspectively (Fig. 3). The increase in mesozooptzmk
(SABATINI et al., 2004). Particularly in UB, a biomass during late winter was given by maximum
permanent and strong current which enters from th@bundances registered dflalicarcinus plantanus
Beagle Channel (BALESTRINI et al., 1990) andlarvae. Accordingly, this species was commonly
freshwater inputs (Olivia River and Grande Streamjecorded during the same season in both bays in
joined with wastewater discharges (GIL et al., 2011 another study (LOVRICH, 1999). On the other hand,
could produce variability in temperature and saini significant differences of mesozooplankton mean
as well as changes in phytoplankton andiomass between both UB and GB were only found in
mesozooplankton dynamics. Also, SABATINI et al.late summer -March 2005- (p<0.05) (Fig. 3). As ésw
(2004) suggested that the permanent mixture of thgreviously mentioned, the increase of chloroplayll
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values in this period reflected phytoplankton bisma number and mass terms) to the phytoplankton biomass
Consequently, the mesozooplankton food sourcesvailable, favored by higher nutrient concentration
were more significant in UB than in GB. Finally, tees the coastal zone. The presence of dense macroalgae
conditions would produce a subsequent increadeein tbeds, in whichMacrocystis pyriferais the dominant
mesozooplankton abundance which could be reflectespecies, is associated with nutrient recyclingbphdy

in the biomass values.

Concerning the spatiatontributing to the extraction of nutrients fromtesm

distribution of mesozooplankton biomass in the foucolumn, and supporting an important bentho-pelagic

seasons,

it was observed that it showed a definimoupling (ADAMI; GORDILLO, 1999; TORRES et

pattern. The highest values were registered mainigl., 2009). Interestingly, this shallow zone is thest
close to the northwestern coast of both bays, bibiisg affected area by organic and nutrient loadings (NMI

pattern stronger in UB in late summer (Fig. 3). Thiset al

fact could be a quick response of mesozooplankton (

., 2011b; GIL et al.,

2010; TORRES et al., 2009)
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Fig. 3. Spatial distribution of mesozooplanktonrbass (mg WW rf) in Ushuaia and Golondrina bays.
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Fig. 4. Mean Chlorophyk, temperature and salinity seasonal variation inudg& and Golondrina bays. Mean * SE (= SD/ sq.
root (n)); T: Temperature, S: Salinity, C: Chlorgpta, UB: Ushuaia Bay, GB: Golondrina Bay.

The most important copepods, whichfish larvae in the Beagle Channel (SABATINI,
contributed to the total mesozooplankton biomasALVAREZ COLOMBO, 2001; SABATINI et al.,
values, are shown on Table Ctenocalanus citer 2001). In addition, different stages of relativeadim
Clausocalanus brevipeand Drepanopus forcipatus copepods likeC. brevipes, D. forcipatuandO. similis
were the most dominant copepods in late winterpresent in spring are considered to be the adequate
autumn in both bays (Fig. 5). Those are typicatig® food items for larvae and post-larvae of Patagonian
of Sub-Antarctic areas (DEFREN-JANSON et al.spratSprattus fuegensiseing the Beagle Channel and
1999) and have already been mentioned for Ushuakueguian Channels its spawning area (ARANIS et al.,
and Golondrina bays in winter by BIANCALANA et 2007; SANCHEZ et al., 1995; SABATINI et al.,
al, 2007. These species were usually found witth hig2001). Zooplankton assemblages found in our study
abundance in stations close to the Beagle Charmel. &re also the main food source for this fish speaies
late  spring-summer, cosmopolitan  small-sizedor other zooplanktonic fishspecies likedontesthes
copepods likéAcatia tonsaand Oithona similis,were  nigricans and the genu®atagonototherspp. (Fam.
dominant contributing to the biomass in both baysNotothenidae) which are also commonly registered in
Paracalanus parvusaind Eurytemora americanavere the Fueguian subdistrict (South Patagonian District
became important in late autumn and late springﬂ_OPEZ et al., 1996; BALECH; EHRLICH, 2008).
summer, respectively (Fig. 5). These species wergdults of some small-sized species liRe similis, P.
observed mostly in coastal stationEurytemora parvus, A. tonsaE. americanaas well as the first
americanawas particularly associated with a coastablevelopment stages of these copepods dnd
zone in UB with a certain degree of eutrophicatiorforcipatus probably were not properly sampled with
(station 1 and 2) (BIANCALANA; TORRES, 2011). the net used in this study, due to the pore sig® (2
Fernandez-Severini and Hoffmeyer (2005) reportedm) (DI MAURO et al.,, 2009; ANTACLI et al.,
the presence of these species in summer for Ushu&@10). However, we assume that they were available
and Golondrina bays. These authors mentioned thas prey and their biomass values followed the ggner
calanoid copepods were the dominant species withimends found for adults which were effectively ne¢al
mesozooplankton followed by the cyclopoid copepodby the net. According to our findings, most of dahs
0. similis (FERNANDEZ-SEVERINI; mesozooplankton assemblages are composed by these
HOFFMEYER, 2005). All these species mentionedsmall-sized copepods which generally dominate in
above, have also been reported by Guglielmo anabundance and biomass terms (TURNER, 2004).
lanora (1995) and Mazzocchi and lanora (1999) for Both bays receive untreated domestic
the Magellan region. Other groups such as Cladocereffluents from Ushuaia City and the industries $éda
Amphipoda, Euphausiacea, Mysidacea andh its surroundings. As a result, coastal waters
Appendicularia, which have been registered in th@resented relatively moderate levels of pollute¢thwi
Magellan region (DEFREN-JANSON et al., 1999;sporadic eutrophication processes (TORRES et al,
GUGLIELMO; IANORA, 1997), were also observed 2009; AMIN et al., 2011b; DUARTE et al., 2011; GIL
in the samples collected for the present study. Thet al., 2011). The increase of nutrients, espgciall
presence in UB and GB of the above mentioneditrates, nitrites and phosphates, products of gewa
species is particularly relevant from a trophicpaf  discharges and defrosting events, produces an
view because these organisms constitute the mostrichment of water and a phytoplankton biomass
important food source for zooplanktivorous fished a enhancement (GIL et al., 2010; TORRES et al., 2009).
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Consequently, this process indirectly contributes t&B was influenced by winds belong to S-SW and N-
modulate the spatial-seasonal distribution patt@fnls NE and these ones seems to play an important role o
mesozooplankton. The wind seems to be anothéorcing circulation and consequently in the digitibn
control factor. Contrary to what was observed in UBof plankton biomass.

Table 1. Frequency of occurrence (FO %) of the nimapbrtant copepod species found in Ushuaia
Bay in all sampling periods.

Late winter ~ Late spring Late summer Late autumn

Taxa UB GB UB GB UB GB UB GB

FO% FO% FO% FO% FO% FO% FO% FO%

Acartia tonsa (Dana, 1849) 43 93 100 100 100 100 100 100

Clausocalanus brevipes 86 73 18 68 43 100 100

(Frost and Fleminger, 1968)

Ctenocalanus citer 100 100 100 100 95 100 100 100

(Heron and Bowman, 1971)

Drepanopus forcipatus 86 87 50 80 95 100 100 86

(Giesbrecht, 1888)

Eurytemora americana 14 47 41 40 91 29 36 14

(Williams, 1906)

Oithona similis (Claus, 1866) 86 100 95 100 100 100 100 100

Paracalanus parvus (Claus, 1863) 57 27 50 14 18 14
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To summarize, differences in physical andANTEZANA, T. Hydrographic features of Magellan and
hydrological features as well as the availabiliy o  Fuegian inland passages and adjacent Subantarctic
phytoplankton biomass are some of the factors that_ Waters.Sci. Mar., v. 63, n. 1, p. 23-34, 1999, _
could influence mesozooplankton biomass distrilsutio RACNéSR’N’:' ISTMSEpI}Et’;lL?sE‘ﬁe;engs |r|1DItEthU|rI15|’;lr% vx(;tﬁRr
coul affect the mesozoopiankion biomass disuiut  Gh1e2, CTie (Oseienihyes: Clupafomes: Clupelia
are: the action of winds, different depths and wateBALECH, E.; EHRLICH, M. D. Esquema biogeograficol de
circulation (BALESTRINI et al., 1990), seasonal and  Mar Argentino.Rev. Invest. Desarr. Pesqyv. 19, p. 45-
spatial variations of mesozooplankton abundance and 75, 2008.
composition (FERNANDEZ-SEVERINI; BALESTRINI, C.; MANZELLA, G.; LOVRICH, G. A.
HOFFMEYER, 2005; BIANCALANA et al., 2007), Simula_cic’m de _corrientes en el (;a_nal Bgagle y_Bahl’a
phytoplankton biomass (BIANCALANA et al. 2007), Ushuaia, mediante un modelo bidimensior&grvicio

- L de Hid fia NavalTechnical R tn. 98, 58 p.,
seasonal conditions of temperature, salinity and 1890? fografia Ravaljechnical Report n P

nutrients (GIL et al., 2011), anthropogenic infloenn  gANCALANA, F: TORRES, A. |. Variations of
the coastal area (TORRES et al., 2009; AMIN et al., mesozooplankton composition in a eutrophicated semi
2011b; DUARTE et al.,, 2011; GIL et al.,, 2011), enclosed system (Encerrada Bay, Tierra del Fuego,
distribution of the Macrocystis forests (ADAMI; Argentina).Braz. J. Oceanogr, v. 59, n. 2, p. 195-199,
GORDILLO, 1999). The results obtained in this study ~ 2011. .
demonstrate that mesozooplankton biomass displaff!/ANCALANA, F BARRIA DE CAO, M. S.
a different spatial and seasonal pattern dthb HOFFMEYER, M. S. Micro and mesozooplankton
. . . composition during winter in Ushuaia and Golondrina
bays. Finally, this research not only pu_ts _emphaﬂls bays (Beagle Channel, ArgentinByaz. J. Oceang, V.
the mesozooplankton biomass dynamic in both bays 55 2 p. '83-95, 2007.
but also highlights the presence of copepods that c BOLTOVSKOY, D. Caracteristicas biologicas del Atién
play a key role in the pelagic-food web of the gtud Sudoccidental. In: BOLTOVSKOY, D. (Ed.jtlas del
area. zooplancton de Atlantico Sudoccidental y métodos de
trabajo con el zooplancton marino Mar del Plata:
ACKNOWLEDGEMENTS INIDEP, 1981. p. 239-248.
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Funds were provided by FONCYT-ANPCYT  RICHTER, C. Mesozooplankton communities in the
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