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We studied seasonal abundance, vertical distribution and life history traits of the Mediterranean
mud shrimp (Upogebia pusilla) in the mediolittoral zone in Slovenia. At two localities (Strunjan and
Lazaret), quantitative samples from three plots (1 m? each) at (0 cm), below (-50 cm) and above
(+50 cm) mean water level were taken once every two months, in alternation. A set of parameters
was also recorded, including vegetation cover, sediment type, air and sea temperature, pH, salinity
and oxygen levels. Highest abundance was recorded during the warm period of the year, with peak
abundance in June 2012 (21 % of total sample). Lowest plots were always occupied with the highest
densities of mud shrimps. Males dominated during the winter while ovigerous females reached the
peak in June (>40 % of all animals). In June at least 2/3 of females were ovigerous. Estimated mean
incubation period was 31 days. We determined four periods in relation to the species’ reproductive
activity. Early reproductive period (April) was characterised by emergence of first ovigerous
females, while main reproductive period (May—July) was characterised by peak of reproduction.
In post-reproductive (August—October), and non-reproductive (November—March) periods, no
ovigerous females or newly hatched offspring were recorded.
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INTRODUCTION et al., 2009; CONIDES et al., 2012), occurring in
Mediterranean mediolittoral and subtidal soft

Upogebia pusilla (Petagna, 1792) [=U. lito- sediments (DWORSCHAK, 1987a). As other thalas-
ralis (Risso, 1816)] is one of the common sinidean species, U. pusilla used to be, and still
decapod crustacean species of the family Upo- is in some areas, harvested for use as bait for
gebiidae (ATKINSON & FROGLIA, 2000; ATKINSON ~ commercial and recreational fishing (INGLE,
& TAYLOR, 2005; ROBLES et al., 2009; DE GRAVE 1997, CONIDES et al., 2012; DWORSCHAK et al.,
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2012). Distribution extends from eastern North

Atlantic in the north to the coastline of Mau-

retania in the south; i.e. from Norway and the

United Kingdom to the Red and Mediterranean

Seas (NGoc-Ho, 2003). It can be found down to 45

m of depth, where a mixture of sand, silt, clay

and mud (DWORSCHAK, 1987a) is present. Mud

shrimp usually digs a burrow up to half a meter
long and about one centimetre wide with two
entrances. Its tunnels are “Y” shaped and water

flow through is ensured (DWORSCHAK, 1983).

Shrimps from this family are solitary and show

aggressive intraspecific behaviour (RODRIGUES

et al., 2000).

In mud shrimps, sexual dimorphism becomes
evident when animals are maturing. Males are
larger and heavier than females, and their pro-
pods of first pereopod’s pair are relatively larger
and heavier (DWORSCHAK, 1988). In males, how-
ever, hormonal disturbances induced by parasit-
ism may sometimes result in female characteris-
ticS (cf. PAscAL et al., 2016). Size of the animals is
often dependent on the locality and its ecologi-
cal parameters such as salinity, food limitation
or incidence of parasitism (DWORSCHAK, 1988).

In the Mediterranean, studies on the ecol-
ogy of U. pusilla were conducted in the North-
ern Adriatic Sea (Lido di Staranzano, near the
mouth of the Isonzo river, Italy; in the Lagoon of
Grado, Italy; and the mud flat in Val Saline near
Rovinj, Croatia by DWORSCHAK (1987b) (see also
DWORSCHAK, 1981; 1987a; 1988; 2004)), and in the
Aegean (in the delta of Evros river; KEVREKIDIS
et al, 1997) and lonian (Dioni bay, Prefecture
of Etoloakarnania; CONIDES et al., 2012) Seas in
Greece. Not a single extensive study on species
ecology exists for Slovenia. Our study was con-
ducted at two localities: (1) a protected bay in
Lazaret near Ankaran and (2) an artificial lagoon
in Strunjan.

The purpose of this study was to investigate
the seasonal abundance of U. pusilla in two
coastal environments. Our goals were:

1) To document seasonal and vertical distri-
bution and population structure of mud
shrimps in the mediolittoral zone.

2) To describe the life history traits of the mud
shrimp U. pusilla from a sheltered lagoon

and a shallow bay on the Mediterranean
coast in Slovenia.

3) To relate the time of the year and environ-
mental conditions with the species abun-
dance.

MATERIAL AND METHODS
Sampling localities

Mud shrimps were collected in the intertidal
zone at two localities (Lazaret and Strunjan) on
the Slovenian coast. In Lazaret, samples were
collected in October and December 2011, and in
February, April, June, and August 2012, while
in Strunjan, samples were collected in Novem-
ber 2011, and in January, March, May, July and
September 2012.

Lazaret (45° 32 52N, 13°46° 8“ E; Fig. 1)
is located close to the Slovenian-Italian border
in San Bartolomeo Bay. The surrounding area
includes agricultural lands (vineyards, olive
groves and fields) with scattered settlements
in between. Outflows of five small artificial
channels flow in the bay, supposedly without
significant hydro-morphological loads (ANONY-
MOUS, 2013). In this shallow area Cymodocea
nodosa and most predominantely Zostera noltii
(Hornemann, 1832) are present. Except for some
Cyanobacteria biofilms, the upper mediolittoral
horizon hosted almost no vegetation during the
entire period of sampling. The highest part,
however, is covered by halophytic vegetation of
Spartina maritima (Curtis) Fernald and Juncus
acutus L. (GLASNOVIC, 2006; MACEK, 2013).

In Strunjan Landscape Park sampling was
conducted in a transitional lagoon “Pretocna
laguna” (in size of 1.6 ha, depth 0.5-1 m) that
connects an artificial Stjuza lagoon (11.2 ha)
with the open sea (LIPEJ] & MAKOVEC, 1997) (45°
317 30” N, 13° 36’ 20” E; Fig. 1). An artificial
barrier protects Pretocna laguna from the open
sea. In the past, it was used for mariculture (e.g.
Sparus aurata, Dicentrarchus labrax, Mugil
sp. and Anguilla anguilla; ANONYMOUS, 2015).
The water in Stjuza is shallow and its level is
highly dependent on the tidal cycle (i.e. water
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Fig. 1. Geographic position and details on two sampling localities of Upogebia pusilla, Lazaret (it. Lazaretto) and Strunjan

(it. Strugnano) on Slovenian coast

flows through Preto¢na laguna, see Fig. 1). Run-
off waters from the neighbouring agricultural
areas and local road as well as a small stream
(Strunjanski potok) flows into Stjuza (LOTRIC &
BRECKO GRUBAR, 2010). Marine phanerogams,
C. nodosa and prevailing Z. noltii, cover the
alluvial bottom of Stjuza (JOGAN et al., 2004;
SAINA & KALIGARIC, 2005).

Fieldwork

Three sampling plots (1 m? each) were cho-
sen at each sampling occasion, at (median plot),
50 cm below (lowest plot) and 50 cm above
(highest plot) the mean sea level. We sampled
on days with monthly lowest tides, following
the hours of the low sea levels (LICER et al., 2011;
2012).

We sampled the substrate from the three
plots at each locality for the determination of
the size fractions. While sampling of the animals
was carried out on a bi-monthly basis between
October 2011 and September 2012 (Table 1),
sediment samples were collected once on April
6™ in Lazaret and on May 8" in Strunjan.

During each sampling occasion we esti-
mated vegetation cover (mainly of Z. noltii) for
each of the plots (estimated by naked eye with

an additional grid positioned on the sampling
plot to 5% accuracy). Air (measured directly
above the plot) and water temperatures [°C]
were recorded with a thermometer (+0.5 °C
accuracy). We measured the temperature in the
substrate of each plot at 10 cm depth in the same
way. Mean air and water temperatures for each
month were also collected from Slovenian Envi-
ronmental Agency (LICER et al., 2011; 2012).

At the edge of each of the three sampling
plots, a sample of water was collected for
measurements of pH, salinity [%o] and oxygen
levels [mg/l] that were conducted in a labora-
tory (Regional Institute of Public Health Koper)
shortly afterwards. From the same three sam-
pling plots, mud shrimps were collected, fol-
lowing DWORSCHAK (1988) and KEVREKIDIS et al.
(1997). For the mud shrimps sampling we used
30 cm long pitchforks with wide tooth that were
pushed into the firm sediment and moved back
and forth. This created alternating water flow in
the burrows (¢£. DWORSCHAK, 1988; KEVREKIDIS
et al. (1997). Since animals could burrow deeper
tunnels (¢f. DWORSCHAK, 1983), we also stirred
the plot with our feet to cause fleeing of the
animals to the surface. There is a possibility that
some shrimps remained deep inside the burrows.
Nevertheless, since the method was always
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the same we believe the numbers of collected
shrimps can be used for comparison among
different samples. Mud shrimps were fixed in
75% ethanol for measurements in the laboratory
afterwards.

Laboratory work

Grain size distributions of the substrate were
determined from dried sediment samples from
three sampling plots of both localities. We used
sieves with different mesh sizes (diameter of
fractions: <0.05 mm, 0.05-0.1 mm, 0.1-0.2 mm,
0.2-0.5 mm, 0.5-1 mm, 1-2 mm, 2—75 mm) and
we weighted each fraction. Salinity [%o], pH and
oxygen levels [mg/l] for each of the water sam-
ples were measured with the electrodes of the
instrument Muti 3420 (Wissenschaftlich—Tech-
nische—Werkstiten).

For each animal sex (male/female) was
determined by assessing the presence (female)
or absence (male) of the first pair of pleopods,
and the potential presence of embryos was
determined on pleopods of females (hereafter
referred to as ovigerous females). In rare cases
when parasites or their signs were present, and
this may affect the appearance of pleopods, the
shape of first propodus prevailed in sex deter-
mination (males have relatively wider propoda;
see DWORSCHAK, 1988: Figs. 1 and 2). We
counted animals and measured their wet body
mass (BM) (scale Kern Als, £0.1 g accuracy).
With calliper (£0.1 mm accuracy), we measured
carapace length (CL, from the eyes to the back
edge of the carapace) and total body length (TL,
from the eyes to the end of the telson) of each
individual. Each animal was vouchered with
a unique tag and samples were stored in 75%
ethanol.

Statistical analysis

First, we calculated proportions of the sub-
strate fractions and compared the composition
of substrate between sampling plots within and
between the two sampling localities. We also
compared vegetation cover between the plots,
localities and time of the year.

In total, 1180 animals were sampled, of
which 1149 (97.4%: 658 from Lazaret and 491
from Strunjan) were included in the analysis of
abundance. Monthly abundance of each gender
category of mud shrimps (males, ovigerous and
non-ovigerous females) were plotted to inspect
the seasonal patterns of their occurrence at the
locality and plot levels. In order to explain the
influence of environmental parameters on the
abundance of each gender category of mud
shrimps in the mediolittoral zone, non-metric
multidimensional scaling (NMDS, Euclidean
distance) was used. Average values of sediment
temperature, salinity [%o] and vegetation cover
[%] from three plots for each sampling occa-
sion were calculated before the analysis. From
eight available environmental parameters (mean
monthly sea temperature, sediment temperature
measured in the field, mean monthly air tem-
perature, air temperature measured in the field
[°C], pH, oxygen levels [mg/l], salinity [%o],
vegetation cover [%]) a subset of parameters
was included in the final NMDS analysis. The
selected parameters were sediment temperature
and salinity measured on the field while the
other six parameters were excluded due to high
level of constancy (pH), random effects (oxygen
levels) and/or high correlations among the oth-
ers (Spearman correlation coefficient). As some
data were lacking for the first two months (Octo-
ber—November 2011), NMDS was conducted on
samples from December 2011 on with the two
selected parameters, and again with three avail-
able environmental parameters (mean monthly
sea temperature, mean monthly air tempera-
ture, air temperature measured on the field) for
all months. Minimum spanning tree was also
plotted to inspect the connections between the
closest pairs of samples in a multidimensional
space. To inspect the correlation among pairs
of environmental parameters and abundance
of each gender category, Spearman correlation
coefficients (p) were calculated.

Morphological traits (BM, TL, CL) were
summarised by descriptive statistics for each
gender category and locality (Lazaret, Strunjan).
Average values were tested for possible statisti-
cal differences between the two localities with
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One-way T-test (p < 0.05). We calculated the
Pearson correlation coefficient (r) for the three
morphological traits.

Fecundity ratio was determined as the ratio
between the number of ovigerous females and
the number of non-ovigerous mature females. As
we did not study the development of gonads to
determine maturity with certainty (DWORSCHAK,
1988), only females with total body length equal
to or longer than in smallest ovigerous female
from our samples were considered adults (see
DWORSCHAK, 1988). In addition, we calculated
the proportion of ovigerous females (i.e. of all
adult females) in the total population. Approxi-
mation of incubation time was calculated from
formula proposed by HILL (1977): log I = -1.881
* log T + 3.826 (I = number of days; T = mean
water temperature in °C; see also DWORSCHAK,
1988).

Statistical analyses were performed in MS
Excel 2010, spss Statistical package (ver. 20;
SPSS Inc. 1989-2011) and freely available
software PAST (PAlacontological STatistics, ver.
2.16: folk.uio.no/ohammer/past/; see HAMMER,
1999 - 2013).

RESULTS
Environmental parameters

In Lazaret more than one third of substrate
(~37%) was composed of large gravel (fractions
larger than 2 mm in diameter), and additional
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quarter (~26%) was composed of fine sands
(diameter: 0.1-0.2 mm), followed by fractions
of silt (0.05-0.1 mm). In Strunjan, smaller frac-
tions of fine sands (0.1-0.2 mm) and fractions
of silt (0.05-0.1 mm) with ~27 % each were
prevailing, followed by a smaller fraction of
silt (< 0.05 mm; ~17%). Other fractions are
represented in smaller percentages (Fig. 2a).
In Strunjan, proportion of the silt fraction was
increasing towards lower mediolittoral zone,
whereas in Lazaret higher substrate heterogene-
ity was recorded (Fig. 2b).

Vegetation cover, consisted of Zostera noltii,
changed through sucessive sampling periods
and differed between the two sampling localities
(Table 1). Most of the time, the high sampling
plots were poorly covered (< 20%). In general,
less vegetation was present in Strunjan than in
Lazaret during spring and summer (Table 1).

We recorded the lowest air temperature in
March 2012 in Strunjan (1 °C; mean March
temperature: 9.9 °C; Table 1). From spring
onwards the temperature was rising through the
successive sampling occasions. On July 4" 2012
at 6 am we measured the highest temperature:
24.9 °C (mean July temperature: 25.5 °C). No
differences were recorded among the sampling
plots within one sampling period. Similar sea-
sonal pattern was observed in mean monthly sea
temperatures (Fig. 3) and sediment temperatures
measured in the field (Table 1). For the latter,
only small differences were detected between
the plots (Table 1).
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Fig. 2. Proportions of sediment fractions based on particle diameter at (a) locality level and (b) plot level (L — Lazaret,
S — Strunjan; min, med, max — sampling plots below, at and above mean sea level, respectively)
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Table 1. Summary data on environmental parameters from Lazaret and Strunjan in period from October 2011-September
2012. Extreme values in bold; n.d. — no data. Values from min, med and max plots, respectively, are separated by

slashes (/)

Sampling date (locality) Tsea Tsed | Tair | Tair pH 0, Sal Veg
mean [°C]| mean| [°C] [mg/1] [%o] [%]
°C] °C]

Oct 25™ 2011 (Lazaret) 19.4 nd.| 12.6| 17.0 n.d. n.d. n.d. n.d.

Nov 26" 2011 (Strunjan) 15.8 n.d. 8.6/ 16.0 n.d. n.d. n.d. 70/40/5

Dec 232011 (Lazaret) 13.3 9.5/9.0/9.0 7.3 9.0| 7.88/7.21/7.85| 6.36/8.61/5.69 | n.d./n.d./36.2 80/25/25

Jan 211 2012 (Strunjan) 10.8 10.0/8.0/9.0 3.5| 10.0| 7.92/6.85/7.20 1.86/7.0/6.01 | 37.8/38.1/38.0 5/5/0

Feb 19 2012 (Lazaret) 7.4 8.0/8.5/6.0 1.5 8.0 | 8.54/8.06/7.80 | 11.18/9.45/7.52 | 38.0/37.4/38.0 80/5/20

Mar 6% 2012 (Strunjan) 9.3 7.5/8.5/6.5 9.9 1.0| 8.17/7.8/8.03 | 8.54/5.91/8.77 | 38.5/39.2/39.2 20/5/0

Apr 6" 2012 (Lazaret) 12.6 | 13.0/12.5/12.5| 12.8| 13.0| 7.61/7.82/7.71 | 3.72/5.20/2.66 | 37.7/22.2/30.7 60/20/5

May 8" 2012 (Strunjan) 17.0| 15.5/15.0/15.0| 16.6| 13.0| 7.11/7.08/7.14| 0.78/1.26/0.86 | 36.0/36.2/33.8 25/55/0

Jun 4% 2012 (Lazaret) 23.1| 18.0/17.5/17.0| 22.7| 17.0| 7.59/7.56/7.62 3.5/0.70/3.08 | 34.3/34.6/32.9 100/60/5

Jul 4% 2012 (Strunjan) 26.1| 25.5/24.0/22.5| 25.5| 25.0| 7.45/7.44/7.50| 0.60/0.42/0.32 | 35.6/35.8/35.7 100/60/5

Aug 21% 2012 (Lazaret) 26.0| 21.5/21.5/21.5| 24.7| 23.0| 7.61/7.82/7.46| 0.10/0.10/0.15 | 37.8/37.7/38.4| 100/80/20

Sep 16% 2012 (Strunjan) 23.0| 22.5/23.0/23.5| 19.8| 24.0| 7.25/7.46/7.67| 0.45/0.25/0.95| 38.1/38.8/39.2 | 100/100/70

Acronyms: Tsea_mean: mean monthly sea temperature [°C], Tsed : sediment temperature [°C], Tair_mean : mean monthly
air temperature [°C], Tair: air temperature [°C], O2: oxygen [mg/l], Sal: salinity [%o],Veg: vegetation cover [%)].

Most of pH measurements were between
7 and 8, with the only exception above 8§ in
late winter (February, March) at lowest plots
(min, med) in both localities. During the winter
months (December 2011 in Lazaret and January
2012 in Strunjan), highest differences among the
three plots were recorded, with lower values of
pH at higher plots. In spring (May 2012) values
were generally the lowest (only slightly above
7, Table 1).

Oxygen values [mg/l] were highest during
winter months, with peak in February (Lazaret)
and March (Strunjan) 2012 (Table 1: 11.18 mg/l
in February and 8.54 mg/l in March). Dur-
ing late spring, summer and autumn months
(May—September 2012) we recorded hypoxic
(<2 mg/l) and almost anoxic conditions at some
plots (Table 1).

Seasonal and vertical abundance and density

We caught most animals in median and low-
est plots in Lazaret. Numbers of animals were
decreasing towards the highest plots in both
locations. Highest abundance was recorded from
late spring to early summer (June—July 2012),

whereas lowest abundance was recorded from
late autumn until early spring (November 2011—
March 2012; Fig. 3). In October 2011 and in
period from April-September 2012, we caught
more than 100 animals per sampling occasion in
both locations, while less than 50 were caught
during each of all other occasions.

We recorded ovigerous females from April
to July in both sites, with peak in June (Fig. 3).
Females represented more than 60% of the Laza-
ret’s samples in June (Fig. 3). Males were most
prevalent in March 2012 (i.e. slightly above
60%), one month before ovigerous females
appeared (Fig. 3). In Lazaret, ovigerous females
were most abundant in median and lowest
plots and were not yet recorded at highest plot
in April 2013. Regardless of gender, animals
were particularly scarce in highest plots during
the coldest part of a year (November 2011-
March 2012). During all sampling occasions, we
recorded some animals at least in lowest plots.
Higher plots in Lazaret (mean values for males
(min : med : max) = 54% : 38% : 8%; females
= 53% : 44% : 3%; ovigerous females = 52% :
38% : 10%) were always less occupied than in
Strunjan (males = 38% : 32% : 30%; females =



JuGovic et. al.: Abundance, distribution and life history traits of Upogebia pusilla

303

(a) 0
— Voles
1 Non-ovigerous females 0] O
[ Ovigerous females o
O-- Temperature

(e}
O g
‘ ©--0
O 10 =
O
h ;
-

(b) 1

_.===~.Post-reproductive
0,161 7 avgr2 Y Period
I 1
] 1
l\ l’
0,124 Early N ‘5.5991;/
reproductive __.-frax-=""
. - )
0,084 Per’Od‘/L-Apﬂ 9’ Tsed
0,044
@
L Sal
£ 0,00+—»== S
4 g A |
8 /5 Jan124A T-Dect1 v mmmmmmmm—
©.0,044 Mari2 |} ,4—_"’ + N
v - ! - pX
e ~ S-Jun12
éL_Febp Py S-dul12 2
0,087 S~ - s Main ;
Non-reproductive | reproductive /—’
-0,124 period \ + period .~
“L-May1t2 e -
0164 | TTmmsememeeemT
0,204 v T v v : v :
-048 -0,32 -0,16 000 0,16 032 048 064 080
Coordinate 1

Fig. 3. Abundance (frequency) of mud shrimps at Lazaret
(a) and Strunjan (b) in period from October 2011-Sep-
tember 2012 (mean monthly sea temperatures added)

52% : 26% : 22%; ovigerous females = 44% :
34% : 22%).

Abundance of each gender category from
both sampling sites corresponds to environmen-
tal parameters well, as shown by non-metric
multidimensional scaling analysis (Fig. 4). Ten
samples from December 2011-September 2012
clustered into four groups that we classified by
reproductive activity (Fig. 4). Salinity almost
exclusively characterises the first axis (higher
salinity on the left), and sediment temperature
was changing mostly along the second axis
(Table 2). During ‘main reproductive period’,
water and air temperatures were high, while pH,
salinity and levels of oxygen were low (Table 1).
In ‘early reproductive’ and ’post-reproductive*
periods, in April and August—September, respec-
tively, environmental parameters were mainly
similar. During ’non-reproductive‘ season, tem-
peratures were lowest, but vice versa pH, salin-
ity and levels of oxygen were highest (Table 1).

Table 2. Scores for environmental parameters in non-
metric multidimensional scaling of mud shrimps’
abundance on Slovenian coast

Parameter (Abbreviation) AXIT Ax125
Sodiment (Tsed) 0.59  0.41
temperature

Salinity (Sal) 049 0,01

Fig. 4. Non-metric multidimensional scaling of dependence
of mud shrimps’ abundance (abundance of males,
abundance of non-ovigerous females, abundance of
ovigerous females) upon two environmental param-
eters (shown as vectors: Tsed - sediment temperature
Sal - salinity, see Table 1) from December 2011-Sep-
tember 2012. Minimum spanning tree is represented
by gray broken lines. Four periods were identified
(depicted in black elipsoids with broken lines). For
each score, average values from three sampling plots
were used. S - Strunjan, L - Lazaret

Lowest vegetation cover also characterised this
period. In repetition of analysis with all twelve
samples but only with three environmental
variables (mean monthly sea temperature, mean
monthly air temperature, air temperature meas-
ured in the field; see Table 1), clusters remained
the same: sample from October 2011 clustered
with samples from post-reproductive period, and
sample from November 2011 clustered together
with samples from non-reproductive period.
Spearman correlations among pairs of variables
and of those with abundance of animals are in
Appendix A.

Size, weight, fecundity and incubation period

On average, size (TL, CL) and weight (BM)
of males, non-ovigerous females and ovigerous
females was smaller in Lazaret than in Strunjan
(Table 3). Except for ovigerous females (one
way T-test, p = 0.095) the differences were sta-
tistically significant (p < 0.001) between the two
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Table 3. Mean wet body mass (BM), total body length (TL) and carapace length (CL) with standard deviations (in brackets)
for males, non-ovigerous and ovigerous females from Lazaret and Strunjan

Males Females Ovigerous females

Lazaret Strunjan Lazaret Strunjan Lazaret Strunjan
BM [g] 0.68 (0.58) 1.14 (0.75) 0.60 (0.38)  0.88 (0.45) 1.16 (0.58)  1.27 (0.47)
TL [mm]  27.9 (8.1) 34.7 (9.3) 27.7 (7.4) 33.8 (6.8) 36.3 (6.0) 39.1 (5.0)
CL [mm] 9.5(2.8) 12.0 (3.6) 93 (2.7 11.6 (1.9) 11.8 (1.9) 12.6 (1.7)

localities. In addition, the mean total (TL) and
carapace lengths (CL) were smaller in Lazaret
(one way T-test, p < 0.003). The smallest oviger-
ous female measured 26.4 mm in TL. Pearson
correlations between TL, CL and BM were high
(r > 0.6 in each gender category: males (range
0.82-0.90), non-ovigerous (range 0.61-0.83)
and ovigerous females (range 0.80-0.90)) and
statistically significant (p < 0.001).

Most common 2 mm size classes of total
length in males and non-ovigerous females were
from 30 to 32 mm in Lazaret, while in Strunjan
the most common size class in males was from
40 to 42 mm, and from 36 to 38 mm in non-
ovigerous females. In ovigerous females, size
classes from 32 to 34 mm and 38 to 40 mm
were most common in Lazaret and Strunjan,
respectively (Fig. 5). Frequency distributions of
5 mm size classes for each sampling occassion
are shown in Appendix B.

Lazaret

Frequency

Al

Size class [mm]

Fecundity ratio increased from early repro-
ductive period in April until its peak in June,
and decreased by July (Table 4). At first, no
ovigerous females were present at highest plots,
however the fecundity ratio slowly increased at
all plots as the reproductive season proceeded.
In addition, the proportion of ovigerous females
slowly increased from April to June. In June 65
% of adult females were ovigerous (Table 4);
the proportion of ovigerous females decreased
afterwards. Except for the first and last month
of the reproduction (April, July), vast majority
of adult females are ovigerous in between (May,
June). In July, approximately every second adult
female were ovigerous (Table 4). We calculated
that first offspring hatched at the end of May
and the last one in second half of July (Table
5). Mean incubation time in mud shrimps from
Slovenia lasted for 31 days.

Strunjan

B Males
["] Non-ovigerous females
[0 Ovigerous females

Frequency

{klllll;,:

Size class [mm)]

Fig. 5. Two millimeters size classes of total body length (TL) in males, non-ovigerous and ovigerous females of Upogebia
pusilla from Lazaret (left) and Strunjan (right) at Slovenian coast
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Table 4. Fecundity ratio (FR = ovigerous females/non-
ovigerous mature females) and proportion of oviger-
ous females (Fov = ovigerous females/adult females)
in three sampling plots during from April-July 2012 in

Lazaret (April, June) and Strunjan (May, July)

. April May June July
Sampling
plot FR  Fov FR Fov FR Fov FR Fov
min 042 0.29 3.00 0.75 392 0.80 133 0.57
med 0.08 0.07 2.00 0.67 3.92 0.80 047 0.32
max 0.00 0.00 0.50 033 0.57 036 1.83 0.65
Mean 0.17 0.12 1.83 0.58 2.80 0.65 1.21 0.51

Table 5. Aproximate dates of hatchings according to mean
monthly temperature [°C], calculated as proposed by
HILL, 1977: logI =-1.881 *log T + 3.826 (I = incu-
bation time in days; T = mean monthly water tempera-

ture in °C). Fresh ova are assumed on a sampling day

Sampling Mean Incubation | Day of
date monthly time [days] | hatching
(locality) temperature
April 672012 | 12.8 55 31.5.2012
(Lazaret)
May 82012 | 16.6 34 11.6.2012
(Strunjan)
June 4% 2012 | 22.7 19 23.6.2012
(Lazaret)
July 472012 | 25.5 15 19.7.2012
(Strunjan)

DISCUSSION

The present study is the first to study the
occurrence of mud shrimps below and above the
mean sea level, i.e. at the highest limit of their
occurrence. There is a well expressed seasonal
dynamics in abundance in the mediolittoral
zone, with some differences in altitudinal abun-
dance, as well as differences between the two
study localities. Due to difficulties of sampling
we had to sample during low tide levels in order
to reach the lowest plots. Since the time of the
tides varied substantially among the sampling
occasions (c¢f: LICER et al., 2011; 2012), we focused
on seasonal rather than diurnal dynamics.

Seasonal pattern in abundance, densities,
sexual ratio and reproductive period was evident
between the two localities and among plots.
Abundance varied more by season than between

localities. The seasonal patterns were clear
despite (1) the recorded differences in substrate
and vegetation cover, (2) the distance (12 km)
and (3) bimonthly samplings in alternations
between both localities. Hence, the time pattern
in abundance corresponded well to seasonality
and time changes in abiotic and biotic conditions
reported in previous studies (DWORSCHAK, 1988;
CONIDES et al., 2012).

Although mud shrimps inhabit different
sediment types, they appear to prefer sedi-
ment of smaller particles (DWORSCHAK, 1987a;
KEVREKIDIS et al., 1997). Nevertheless, as in
other studies, we cannot derive direct correlation
between the mud-shrimp density and sediment
size; we only noticed higher densities at lower
plots where smaller particles (fine sands and silt)
prevailed. Higher densities at these plots can
also be related to the pattern of vertical distribu-
tion; in lowest plots, the water persists for most
of the time so the food there is more abundant
[for Upogebia pugettensis (Dana, 1852), see
MACGINITIE & MACGINITIE, 1968].

All environmental parameters included in
our statistical analysis correlate well with sea-
sonal abundance of mud shrimps. Reproduc-
tive period that lasts from early April until late
July thus coincides with lower values of pH,
oxygen and salinity, higher temperatures and
well expressed vegetation cover (especially of
Zostera noltii). The duration of reproductive
period is highly dependent on the temperature
cycle of the biotope; for the Mediterranean
region, DWORSCHAK (1988) reports presence of
ovigerous females from March to July. Higher
oscillations in abiotic parameters in the Northern
Adriatic Sea are predicted to be the main rea-
son for shorter reproductive period than in the
Central or Southern Adriatic (FERRARESE et al.,
2009). Furthermore, mud shrimps are sensitive
to longer periods of hypoxia that together with
eutrophication caused the dramatic decrease
of population on the coast of the Black sea
in Bulgaria (TODOROVA & KONSULOVA, 2000).
Moreover, pH values and oxygen levels inside
the tunnels were found to be very different from
those in the open waters or in sediment close
to the bottom (DWORSCHAK, 1987a). Although
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the salinity during the reproductive season was
lower than reported for the open sea (~38-39%o,
e.g2. GRBEC et al., 2007, see Table 1) it was almost
as high as in water analysis from Rovinj in NW
Croatia (DWORSCHAK, 1988). It was also higher
than the optimal value reported for the adults
(~26%o0) but close to the optimum reported for
larval development (~35%o; see DWORSCHAK,
1988).

Similar as in the study from northern Greece
(KEVREKIDIS et al, 1997), animal density was
highest in the warmest and lowest in the coldest
part of the year. Density increased in the period
from spring until summer and decreased from
late summer onwards. The density coincides
best with mean monthly sea and sediment tem-
peratures (Fig. 3 and 4); high positive correla-
tions were detected among them. Small numbers
of collected animals during ‘non-reproductive’
period can be explained by: 1) animals burrow
themselves deeper in the sediment during the
cold period, 2) migrations between areas may
influence the lower number of animals sampled
during the winter or 3) the mortality rate during
winter is high. Due to difficulties in sampling it
is almost impossible to establish which of the
scenarios is the most likely the one. In Greece,
CONIDES et al. (2012) estimated 0.93 rate of over-
all natural mortality per year. Nevertheless,
also in the latter case the actual reason for high
estimate of natural mortality could have stayed
hidden.

Temperature and salinity are most often
reported as key factors influencing population
structure and activity patterns. Both factors
also cause the disturbance for different species
in brackish environments (KAISER et al., 2011).
Towards the northern geographic latitudes mean
temperature is decreasing which can represent a
stress factor for animals — also mean size in U.
pusilla coincides well with geographic latitude.
Both mentioned factors along with the issues
related to the sampling procedures led to a dif-
ferent population structure at different locali-
ties (cf. LaprisE & DopsoN 1994). We also have to
consider a different pressure by fishermen on
adult U. pusilla at both localities (Lazaret and
Strunjan). In the Mediterranean, the animals

(expressed as total body length) are largest in
Greece (KEVREKIDIS et al., 1997) and smallest
in the Northern Adriatic (DWORSCHAK, 1988).
Mean size of mud shrimps from Slovenian coast
exceed only the size of animals from Rovinj,
located only ca. 50 km to the south. High oscilla-
tion and decrease in salinity during reproductive
period seem to affect the animal growth nega-
tively and may delay the development and meta-
morphosis in larvae (COSTLOW & BOOKHOUT,
1971). CONIDES et al. (2012) reported the reduced
ability of food intake and its digestion in such
conditions. In Rovinj (DWORSCHAK, 1988), mud
shrimps are most probably smaller due to shel-
tered bay and less inflow of nutrient rich water
from the open waters. The difference in shrimp
size between the two Slovenian localities could
be explained by habitat characteristics. Smaller
size in lagoon environment (Strunjan) should
be expected due to high oscillations of environ-
mental factors such as temperature, salinity and
also oxygen availability (c¢f. CONIDES et al., 2012).
However, mud shrimps from Lazaret proved
to be smaller. We believe this is the result of
harvesting of the mud shrimps by fishermen as
according to our observation, mud shrimps were
much more exploited in Lazaret than in Strunjan
(JUGOVIC & HORVAT, unpubl.). Fishermen gener-
ally try to collect larger animals that are more
useful as bait and are also much easier to detect
(¢f. CONIDES et al., 2012).

Vertical distribution of mud shrimps shows
differences particularly in the abundance of ovi-
gerous females between the two localities. Their
density was similar across the three plots in
Strunjan, and ovigerous females were constantly
present at highest plots. In Lazaret, however,
density was much lower at highest plots. The dif-
ference in duration in tides and their amplitude
between Strunjan and Lazaret may have impor-
tant influence on the animal densities. In Lazaret
areas are exposed for longer periods which may
have an effect on the shrimps on higher plots,
while the lagoon in Strunjan minimizes the tidal
differences. Moreover, the size differences in
animals between both localities imply that larger
animals in Strunjan may be able to build deeper
burrows and are therefore more prone to survive
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the exposure to low tides, and are also harder
to collect by fishermen. Although we have
seen fishermen collecting mud shrimps in both
localities, we believe that in Strunjan is harder
to efficiently collect animals than at the locality
near Lazaret. Additionally, less fishermen col-
lect mud shrimps in Strunjan as this is a Natura
2000 site (see above).

Despite the sampling difficulties, we do
not believe the abundance of animals estimated
from collected animals was much affected by
the sampling technique. The abundance of ani-
mals however was also calculated from addi-
tional counting of the burrow openings from the
same sampling plots (HORVAT, 2013) and these
latter estimates roughly matches to estimates of
abundance derived from sampling method used
in present study. As lower oscillations in envi-
ronmental parameters are predicted for deeper
waters, it is no surprise that densities of oviger-
ous females and their fecundity rates are higher
at lowest plots, especially when these are distant
from shallower areas.

CONCLUSIONS

We documented seasonal and vertical distri-
bution and population structure of mud shrimps
in the mediolittoral zone of the Slovenian coast,
showing highest abundance in the warm part of
the year (maximum in June), when ovigerous
females and most of the offspring were present
(April-July). Highest densities were detected at

the lowest plots, which are with the exception
at the time of lowest monthly tides constantly
underwater. Mean duration of the incubation
period was estimated to be 31 days. Finally,
seasonality well reflected the changes in abiotic
factors among the seasons.
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Appendices with captions

Appendix A. Spearman correlation coefficients (below) and p values (above diagonal) for all pairs of environmental
parameters and abundance. ***% —p < 0.001; **—0.001 <p < 0.01; *—0.01 < p < 0.05; n.s. — nonsignificant

Tsea Tair_ ABU  ABU_
mean Tsed mean Tair pH 0O, Sal Veg ABUM ABUF Fov tot
Tsea_
mean sksksk ksksk sksksk n.s. sksksk n.s. % ksk % n.s. sksksk
Tsed 0.95 HHE Hak n.s. ¥*E O ns. * * * n.s. *
Tair_
mean 0.94 091 Ak ns. ¥EE O ns. * ok * n.s. oAk
Tair 0.91 098  0.88 n.s. ¥*E O ns. * * *E n.s. *
pH -0.51 -0.54 -039 -0.56 n.s. ns. n.s. n.s. n.s. n.s. n.s.
0, 092 -094 -0.90 -093 0.60 n.s. n.s. * *E n.s. *
Sal -0.25  -022 -021 -023 0.11 0.13 n.s. * n.s. ** *
Veg 0.72 0.76 0.66 0.73 -0.03 -0.63 0.01 n.s. n.s. n.s. n.s.
ABU_M 077 076 081 072 -045 -0.66 -0.64 041 n.s. ** Hrx
ABU F 072 077 075 077 -024 -0.81 -0.30 0.63 0.62 n.s. *
ABU_
Fov 052 048 057 047 -035 -038 -0.79 0.10 0.89 0.31 Rk
ABU _tot 082 078 0.83 077 -036 -0.72 -0.66 0.47 0.93 0.77 0.81

Acronyms: Tsea_mean: mean monthly sea temperature [°C], Tsed : sediment temperature [°C], Tair_mean : mean
monthly air temperature [°C], Tair: air temperature [°C], O,. oxygen [mg/l], Sal : salinity [%o], Veg: vegetation cover [%],
ABU _M: abundance of males, ABU _F: abundance of non-ovigerous females, ABU _Fov: abundance of ovigerous females,
ABU tot: total abundance
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Frequency

Frequency

Appendix B. Five millimeters size classes of total body length (TL) in males, non-ovigerous and ovigerous females of
Upogebia pusilla in monthly samples from October 2011 until September 2012 from two localities at the Slovenian coast
(Lazaret, Strunjan). Largest animal was collected in Lazaret in April 2012 (male, TL = 59.4 mm: out of scale)
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Sezonska zastupljenost, vertikalna distribucija i ekologija
Mediteranskog karli¢a Upogebia pusilla (Decapoda: Gebiidea)
na slovenskoj obali

Jure JUGOVIC®, Eva HORVAT i Lovrenc LIPEJ
*Kontakt e-adresa: jure.jugovic@upr.si
SAZETAK

Istrazivali smo sezonsku zastupljenost, vertikalnu raspodjelu i povijesne zivotne osobitosti
Mediteranskog karlica (Upogebia pusilla) u Sloveniji. Na dva lokaliteta (Strunjan i Lazaret)
izmjeni¢no su uzeti jednom u dva mjeseca kvantitativni uzorci sa tri parcele (svaki 1 m?) na (0
cm), ispod (-50 c¢m) i iznad (+50 cm) srednje razine vode. Takoder je zabiljezen skup parametara,
ukljucujuci vegetacijsku pokrivenost, vrstu sedimenta, temperaturu zraka i mora, pH, salinitet i razinu
kisika. Najveca zastupljenost zabiljeZena je tijekom toplog razdoblja godine i to u lipnju 2012 godine
(21% ukupnog uzorka). Najvisa gustoca karli¢a bila je zabiljezena na najnizim parcelama. Muzjaci
su prevladavali tijekom zime dok je najveci broj ovigerih Zenki zabiljeZen u lipnju (>40% svih
zivotinja, ili 2/3 svih Zenki u lipnju). Procjenjeni srednji inkubacijski period bio je 31 dan. Utvrdili
smo Cetiri razdoblja u vezi sa reproduktivnom aktivnosti ove vrste. Rano razdoblje reprodukcije
bilo je obiljezeno pojavom prvih ovigerih zenki u travnju, dok je za vrhunac reprodukcije obiljezen
reproduktivni period travanj-srpanj. U post-reproduktivnom (kolovoz-listopad) i ne-reproduktivnom
periodu (studeni-ozujak) nisu bile zabiljeZene ovigere zenke ili juvenilne Zivotinje.
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