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Abstract: The paper reports an unusual response of the microzooplankton community to oceanographic conditions observed during the
winter of 2015 in the open southern Adriatic. Record-breaking nauplii abundance of 13,734 ind. m–3 was sampled for the open southern
Adriatic by 50-µm net sampling. This could be explained by (i) warmer-than-usual surface and intermediate ocean temperatures, (ii)
higher precipitation that freshened and widened the surface layer, pushing saline Levantine Intermediate Water below a 400-m depth,
and (iii) strong wind episodes that transported nutrients from the coastal zone to the open ocean and induced limited vertical mixing.
Neritic tintinnids and viable photoautotrophs well below the photic zone support the last possibility. Average seasonal maximum of
zooplankton abundance was shifted from spring and early summer to the late winter months. Our results document large and fast
variations in production conditions rarely found to occur in oligotrophic waters such as the southern Adriatic Sea.
Key words: Tintinnids, nauplii, copepods, primary production, eastern Mediterranean

1. Introduction
The structure and function of marine plankton
communities depend on complex interactions between
physical, geochemical, and biological processes. The
low primary production, low chlorophyll a, and high
temperatures in many oligotrophic environments favor
heterotrophic plankton communities (Duarte et al.,
2013). One such region, the phosphate-limited eastern
Mediterranean Sea (Krom et al., 2010; Siokou-Frangou
et al., 2010), is the predominant influence on the open
waters of the southern Adriatic (Malanotte-Rizzoli et al.,
1997).
The most prominent bathymetry feature in the Adriatic
is the South Adriatic Pit (SAP), a semicircular basin with
depth to about 1200 m (Figure 1), which preserves cyclonic
circulation around its perimeter (Gačić et al., 2002). The
SAP interacts with the eastern Mediterranean through
the Strait of Otranto (~800 m depth). Advection of saline
Levantine Intermediate Water (LIW) alternates with lowsalinity Modified Atlantic Water (MAW) that originates in
the western Mediterranean (Gačić et al., 2010; Vilibić et
al., 2012) on a roughly 10-year cycle termed the Adriatic–
Ionian Bimodal Oscillation, or BiOS (Gačić et al., 2010).
* Correspondence: davor.lucic@unidu.hr
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The climatically temperate Adriatic experiences
strong seasonal variability in phytoplankton biomass that
typically reaches a maximum in spring (Antoine et al.,
1995). Picophytoplankton dominates the phytoplankton
community in the southern Adriatic and appears to be its
main primary producer (Najdek et al., 2014; Babić et al.,
2017), while microphytoplankton production is restricted
to coastal waters, the deep chlorophyll maximum, and
periods during or following winter convection (Gačić
et al., 2002; Batistić et al., 2012; Cerino et al., 2012;
Ljubimir et al., 2017). Winters in the southern Adriatic are
characterized by convection events and vertical mixing that
recur regularly, supporting the nutrient enrichment of the
surface waters that enhances phytoplankton development
(Batistić et al., 2012, Ljubimir et al., 2017). Although
convective mixing may be undetected due to its short
duration, its consequences in phytoplankton abundance
and Chl a concentration in the surface waters as well as in
deeper layers are evident (Ljubimir et al., 2017).
Zooplankton studies in the open southern Adriatic
began with oceanographic investigations in the early
20th century (see Hure and Kršinić, 1998). The past 50
years have seen comprehensive work on the composition,
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Figure 1. Map of investigated area with noted stations over 2 investigated transects.

abundance, and vertical distribution of net zooplankton
captured by opening–closing nets of various mesh sizes:
53 μm (Kršinić, 1998; Kršinić and Grbec, 2002, 2006;
Benović et al., 2005) or 100 μm (Shmeleva and Kovalev,
1974) for microzooplankton, and 200 or 250 μm for
mesozooplankton (Hure, 1955; Hure et al., 1980; Hure and
Kršinić, 1998; Benović et al., 2005; Batistić et al., 2012).
These studies generally confirmed expectations regarding
the oligotrophy of the open southern Adriatic and began
to catalogue broad patterns in its species diversity. Winter
data that are available from earlier studies document low
zooplankton stocks.
Kršinić and Grbec (2002) highlighted the role of basinscale circulation in determining the spatial and seasonal

distribution of small zooplankton assemblages in the region’s
open waters. Each water mass in the SAP has characteristic
taxa. Tintinnids and copepod developmental stages, for
example, are abundant in the euphotic zone; radiolarians
and Oncaea-like cyclopoids dominate deeper layers
(Kršinić, 1998). The winter season has often been omitted
in these studies, when low values of the zooplankton were
regularly recorded. Winter data are relatively rare from this
area, partly owing to the more difficult conditions working
from a small vessel during that season.
The timing and intensity of circulation influence winter
plankton production in the South Adriatic Pit and are
determined by broader climatic and oceanographic events
outside of the region (Gačić et al., 2002, 2010; Vilibić et al.,
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2012). The present work is part of a larger oceanographic
study of the oligotrophic southern Adriatic under winter
conditions (Babić et al., 2017; Ljubimir et al., 2017). This
paper focuses on the unusually high microzooplankton
abundance and unexpected change in community
composition in the winter of 2015. It addresses the link
between zooplankton density and primary production using
winter hydrographic, optical, and water-mass observations.
2. Materials and methods
2.1. Remote sensing data
MODIS Aqua OceanColor products accessed from
the NASA Ocean Ecology Laboratory website (NASA
Goddard Space Flight Center, 2016) extended the
spatiotemporal scale of at-sea observations in the study
area. Each image represents a single day at 1-km Level 2
(2014 reprocessing) resolution. Surface chlorophyll (Chl
a) concentrations for cloud-free scenes (>50% of analyzed
images) were calculated in SEABASS using the current
operational algorithm (OCI, Hu et al., 2012).
2.2. Sampling and procedure
Data collection was between 28 February and 2 March
2015 in the southern Adriatic Sea along transects P (P100,
P150, P300, P600, P1000) and M (M100, M150, M300,
M600, M1000) (Figure 1). Stations reflected key features
of the region’s circulation and bathymetry. The stronger
influence of the coast characterized the P100 station only.
An SBE25 CTD probe (SEA-Bird Electronics, Inc.) with
an SBE 43 unit for dissolved oxygen, a WET Labs FLNTU
for chlorophyll a fluorescence (Chl F), and a Biospherical
Instruments PAR sensor were used for collection of basic
water-quality data.
Phytoplankton was collected with 5-L Niskin
bottles at depths determined according to the measured
CTD profile. Micro- and nanophytoplankton counts
of 200-mL subsamples (1.4% hexamine-neutralized
formaldehyde) were performed with a Zeiss Axiovert 200
inverted microscope using the Utermöhl (1958) method.
Picophytoplankton subsamples (3 mL) were preserved in
0.1% glutaraldehyde after 10 min in liquid nitrogen, and
stored at –80 °C.
Counts were made with a FACSCalibur flow
cytometer. Picophytoplankton counts were made with a
3-dimensional gate defined by red fluorescence, orange
fluorescence, and side-scatter signals.
Zooplankton was collected by vertical hauls of
opening–closing Nansen nets: a 0.57-m diameter, 53-µm
mesh configuration for microzooplankton; and a 1.13-m
diameter, 200-µm mesh net for mesozooplankton. Average
hauling speed was 0.5 ms–1. Sample depths (as allowed by
each station’s maximum depth) were 0–50, 50–100, 100–
150, 100–300, 300–600, and 600–1000 m. Samples were
preserved in 4% formalin–seawater buffered with CaCO3.
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Microzooplankton subsampled from a Folsom plankton
splitter (1/8–1/16 of the total) were analyzed with an
inverted microscope at 100× and 400×. Mesozooplankton
were identified and counted (from total samples) with
a stereomicroscope at 80×. Results are reported as the
number of individuals per cubic meter (ind. m–3).
2.3. Statistical and graphical analysis
The Mann–Whitney U test was used to identify
microzooplankton differences (P < 0.05) among groups
and depth layers. Taxa were identified by Indicator Species
Analysis (ISA; Dufrene and Legendre, 1997) computed with
PC-ORD v.5.32 (McCune and Mefford, 2006). The indicator
value (IV) for a species in a group is calculated as the product
of its relative abundance in the group (i.e. its mean abundance
in the group divided by the sum of its mean abundances in
all groups) and its frequency of occurrence in samples in
the group. These values range from 0 (no indication) to 100
(perfect indication, meaning that the species was present
in all samples in the group and absent from all samples in
other groups). Monte Carlo randomization assessed the
significance of the IVs (alpha = 0.001).
MATLAB, Surpher 8, and Grapher 6 software were
used to produce visualizations.
3. Results
3.1. Surface Chl concentrations
Prior to the cruise (17–20 February 2015), surface Chl in
the target area captured by MODIS images appeared as a
tongue of eastern Adriatic coastal water with high biomass
(~0.5 mg Chl m–3) that extended into low-biomass SAP
waters. Satellite images in the days following the cruise
revealed surface patchiness and a 50% drop from the
highest concentration (Figure 2).
Temperature, salinity, sigma-t, and dissolved oxygen
profiles (data not shown) revealed a layered water column
over the northern section of the southern Adriatic (Figure
3). Shallowing isothermals and isopycnals are typical
of the most offshore SAP stations. They form part of a
dome that slopes toward shallower stations along the
area’s perimeter. This is consistent with the SAP’s intense
cyclonic circulation.
Warmer-than-usual temperatures (14.5–15.0 °C)
and lower salinity (38.70–38.75) characterized most of
the surface and upper intermediate layers. This largely
coincided with high Chl F.
The pronounced salinity maximum between 400 and
600 m is associated with LIW, the core salinity of which
is ~38.80. This salinity maximum coincided with the
dissolved oxygen minimum (6.2 mg L–1).
A less intense intrusion of high-salinity water (~38.75)
was present in the upper 200 m of P300 and P600. Because
it was nearer the surface, its oxygen levels naturally were
higher.
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Figure 2. Maps of Chl concentrations (mg m–3) retrieved from MODIS Aqua17: February 2015; 18 February 2015; 19 February 2015; 20
February 2015; 03 March 2015; 06 March 2015.

3.2. Chlorophyll fluorescence
Chl F was horizontally and vertically patchy (Figure 4). A
significant signal was detected along the SAP perimeter
below 200 m, well below the euphotic zone (average 80 m,
maximum <100 m). This suggests the action of a physical
mechanism that carried viable photoautotrophs to greater
depths.
3.3. Phytoplankton
Station P600 at 500 m had the lowest phytoplankton
abundance for all 3 size classes: 280 cells mL–1, 700 cells L–1,
and 100 cells L–1 for pico-, nano-, and microphytoplankton,
respectively (Figure 4). The picophytoplankton maximum,
2.25 × 104 cells mL–1, was at 110 m at station M150. The
maximum nanofraction, 1.85 × 104 cells L–1, was at 75 m at the
same station. Station P100 had the highest abundance, with
microphytoplankton reaching 1.23 × 104 cells L–1 at 10 m.

3.4. Microzooplankton
Microzooplankton abundance was high over the entire
study area (Figure 5), with higher levels in the 100- and
300-m layers. Mean densities exceeded 10,000 ind. m–3
at stations shallower than 300 m. Deeper stations had
roughly half of that amount.
The maximum, 25,094 ind. m–3, was on 28 February
within the 50–100 m layer at Station P300. Station
P1000 had markedly high abundance: 14,760 ind. m–3
within the same layer. Densities at P600 were lower and
microzooplankton abundance was relatively similar in the
entire water column.
3.4.1. Protozoans
Protozoans contributed 11% to total microzooplankton
density, and were more abundant (P <0.05) in the upper 100
m (Figure 6). Tintinnids constituted 68% of total protozoans.
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Figure 3. Vertical profiles of temperature, salinity, and density (sigma-t) over the investigated profile in February/March
2015.

Among 50 identified species (Appendix), the most
abundant were the oceanic surface and subsurface species
Codonella aspera and Undella claparedei. Codonellopsis
schabi, a typically neritic tintinnid, also was prominent.
The vertical distribution of tintinnids revealed several
peculiarities (Table 1). Depths below 300 m had higher
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diversity than surface layers. Furthermore, the deep
protozoan community had higher densities of typically
surface species, some of which were found exclusively in
the mesopelagic and deeper layers (Table 1; Appendix).
Among other protists, radiozoans frequently reached
a peak between 50 and 100 m. The heterotrophic flagellate
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Figure 4. Vertical profiles of chlorophyll a fluorescence (Chl F) concentration and picophytoplankton, nanophytoplankton,
and microphytoplankton abundance along the investigated profile in February/March 2015.
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Figure 5. Spatial distribution of total microzooplankton and mesozooplankton abundance along the investigated
profile in February/March 2015.

Figure 6. Box-and-whisker plot of the abundance of protozoan shown by depth layers (February/March
2015, all investigated stations).
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Table 1. Tintinnid indicator species and their mean abundance for investigated stations grouped by depth: A: stations >150 m;
B: 300 m; C: >600 m). “Indicator area” is specified according to Kršinić (2010): N = neritic; OS = ocean surface; OSS = ocean subsurface;
OM = ocean mesopelagic; E = estuarine.
Species

Indicator value

Mean ± SD

P

Indicator area

Tintinnopsis campanula

61.0

36.80 ± 11.16

0.037

N

Codonellopsis schabi

46.0

41.04 ± 4.23

0.129

N

Steenstrupiella steenstrupii

41.4

28.93 ± 10.60

0.127

OS

Stenosemella ventricosa

39.3

21.81 ± 9.66

0.054

E

Epiplocylis undella

58.6

33.60 ± 10.15

0.022

OS

Codonella amphorella

52.0

42.70 ± 6.11

0.079

OSS

Codonella aspera

51.8

41.40 ± 5.35

0.042

OS, OSS

Amplectella tricollaria

51.7

28.00 ± 9.68

0.031

OSS

Dadayiella ganymedes

49.1

31.00 ± 9.38

0.053

OS

Codonella galea

47.9

42.20 ± 7.79

0.221

OSS

Eutintinnus latus

42.0

37.90 ± 9.69

0.291

OS, OSS

Petalotricha ampulla

39.1

35.50 ± 9.09

0.302

OSS

Undella subcaudata acuta

37.5

39.70 ± 9.23

0.526

OS

Salpingella acuminata

37.1

42.60 ± 5.90

0.812

OS

Undella claparedei

36.6

40.00 ± 3.65

0.816

OSS

Amplectella collaria

36.2

27.20 ± 10.46

0.168

OSS

Dictyocista lepida

36.0

40.40 ± 6.84

0.711

OS, OSS

Cyttarocylis eucecryphalus

34.5

32.00 ± 8.84

0.311

OS

Xystonella cymatica

71.5

29.50 ± 10.87

0.003

OM

Rhabdonella spiralis

63.6

39.80 ± 7.41

0.004

OS

Parundella lohmani

63.4

29.60 ± 11.89

0.013

OM

Parundella messinensis

39.2

23.60 ± 10.10

0.079

OM

Stenosemella nivalis

36.8

35.30 ± 12.13

0.385

E

A

B

C

Noctiluca scintillans was numerous in the upper 100 m,
with its maximum, 410 ind. m–3, in the 0–50 m layer of
Station M150.
3.4.2. Metazoans
Copepod developmental stages made up 75% of
microzooplankton; of these, 48% were nauplii. Abundance
decreased gradually from the surface, but high values
were found between 50 and 100 m at P300 (Figure 7) for
metazoa (21,082 ind. m–3), nauplii (13,734 ind. m–3), and
copepodites (6505 ind. m–3).
Calanoid and cyclopoida–oncaeid copepodites were
significantly more numerous than cyclopoid–oithonoids
(P <0.001). Calanoid copepodites dominated the surface
layer (P <0.01–0.05) with a maximum of 3724 ind. m–3 at
P100. Cyclopoida–oncaeid copepodites were distributed
mostly uniformly above 300 m and were a higher fraction

of copepodites below 500 m. The cyclopoida–oncaeid
maximum of 2530 ind. m–3 was in the 50–100-m layer of
P300.
Harpacticoids were numerous above 100 m. Their
maximum (602 ind. m–3) was at P300 in the 50–100m layer. Microesetella norvegica was the most abundant
harpacticoid, followed by Euterpina acutifrons.
Euphausiid nauplii densities were higher above 100
m. The maximum (345 ind. m–3) was at P100. Juvenile
appendicularians were especially numerous at the surface
of the same station (3053 ind. m–3), as were juvenile
polychaetes (1266 ind. m–3).
3.5. Mesozooplankton
Shallower stations had higher mesozooplankton
concentrations, and abundance decreased gradually with
depth (Figure 5). Copepods dominated all layers, especially
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Figure 7. Box-and-whisker plot of the total copepod developmental stages abundance shown by depth
layers (February/March 2015, all investigated stations).

deeper layers (up to 83%). Copepodites accounted for 50%
(the deepest layers) to 56% (surface layers) of copepod
abundance. Calanoids accounted for 70%–75% of total
adult density.
Ctenocalanu vanus was the most abundant surface
species. Clausocalanus pergens was numerically dominant
in the 50–300-m layer. Cyclopoida–oncaeid species
dominated deep samples, followed by the calanoids
Haloptilus longicornis and C. pergens. The typically neritic
species Acartia (Acartiura) clausi was found in the surface
layer of all stations. It was also found in the deepest layer
(500–1000 m) of P1000.
4. Discussion
4.1 Unusual zooplankton bloom
Prior to this study, the highest zooplankton concentrations
measured in the open southern Adriatic were in spring or
early summer (Shmeleva and Kovalev, 1974; Hure et al.,
1980; Kršinić, 1998; Benović et al., 2005). As expected,
these were associated with the typical seasonal maximum
of primary production. Winter in the Adriatic usually has
been described as a time of weak stratification and low
plankton production (Kršinić, 1998; Benović et al., 2005;
Cerino et al., 2012; Najdek et al., 2014). Surprisingly, this
was not the case in the winter of 2015, when zooplankton
abundance was higher than previously observed (Table 2).
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Furthermore, high concentrations of calanoid and
cyclopoid copepodites normally are noted exclusively in
the upper 100 m (Kršinić, 1998). In our investigation,
all developmental stages were found as deep as 300 m
at densities substantially higher than in earlier SAP
investigations that used the same sampling methods
(Table 2). The nauplii maximum, 13,734 ind. m–3 at P300
in the 50–100-m layer, is the highest yet recorded for the
area with a 50-µm net. The only similar nauplii abundance
in the southern Adriatic was from a highly productive
area near the western coast of the Otranto Strait, fed by
the nutrient-rich Western Adriatic Current (Kršinić and
Grbec, 2002).
Kršinić and Grbec (2012), using a different sampling
method (20-µm mesh net and sampling 250 L of water at
7 different depths from 1 to 100 m) in April recorded a
particularly high number of nauplii (72,310 ind. m–3) at 5
m at the P300 station, and copepodites (69,160 ind. m–3)
at 50 m at the P100 station. However, their average water
column abundances are comparable to the abundances
that we encountered during this study.
4.2. Observed winter hydrographical conditions
It is highly possible that the previous conditions, which
differed greatly from normal winter conditions, drove the
intrusion of coastal water into the offshore study area. High
precipitation over a very prolonged period affected the
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Table 2. Comparison of maximal microzooplankton winter/spring abundance noted in this investigation with former records (ind. m–3)
at open waters of the southern Adriatic Sea.
Data source
This investigation

Kršinić (1998)

Kršinić and Grbec (2002)

Kršinić and Grbec (2006)
Batistić et al. (2012)

Planktonic groups

February–March

April–May

General maximum

Tintinnids

1807

Nauplii

13,734

Calanoid copepodites

3277

Tintinnids

133

3778

33 574 (June)

Nauplii

7936

7820

10,800 (September)

Calanoid copepodites

1408

1600

2432 (July)

Tintinnids

>50

1450 (August)

Nauplii

13 625

13,625 (May)

Calanoid copepodites

819

819 (May)

3778

3914 (October)

Tintinnids

185

Tintinnids

2304

Nauplii

5267

Calanoid copepodites
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region in 2014 (http://meteo.hr). This was accompanied by
higher-than-usual river discharge that freshened Adriatic
surface waters and may have pushed the LIW intrusion
towards a deeper layer (400–600 m).
4.3 Effect of environmental conditions on chlorophyll
and plankton distribution
The Adriatic’s northern katabatic wind (known locally as
“bura”) can be of such strength and duration in winter
that it drives convection to a maximum of 800 m (Vilibić
and Orlić, 2001; Gačić et al., 2002; Vilibić and Šantić,
2008). These events bring nutrients to the surface that can
stimulate winter phytoplankton blooms. Several strong
“bura” events in the study area in January and February
2015 triggered mixing of the upper 400 m, and so may
have contributed to the higher primary production.
Prior to sampling, MODIS Chl data identified a tongue of
high-chlorophyll water that extended from the eastern shore
of the Adriatic to the low-chlorophyll waters of the study area.
Density profiles (Figure 2) confirm that the SAP cyclonic
pattern was present during the cruise. Lack of imagery during
the cruise owing to thick cloud cover indicates rough weather
at this time. Stormy conditions might have been sufficient to
mix the high chlorophyll observed in the satellite images to
greater depths, as reflected in the Chl F profile.
The presence of picophytoeucaryotes (Maja
Mejdandžić, pers. comm.) and viable diatoms (Bosak
et al., 2016) to 500 m during the same sampling period
is evidence for the action of a physical process that had
transported these photoautotrophs to depths well below
the euphotic zone.

Protozoans of relatively low motility are useful
indicators of certain physical transport processes (Dolan,
2000; Kršinić and Grbec, 2002, 2006). As an example,
Kršinić (2010) found higher numbers of oceanic surface
and subsurface tintinnids in deeper layers, but we recorded
high densities of the neritic Codonellopsis schabi below 300
m and the typically estuarine species Stenosemella nivalis
in mesopelagic samples. The coastal copepod Acartia
(Acartiura) clausi was collected below 500 m as well.
4.4. Effect of microzooplankton grazing on primary
production
Two factors, one physical and one biological, might
explain the postcruise decrease in Chl observed in the
satellite imagery. From a purely physical standpoint,
storm-induced mixing might have diluted the ongoing
bloom, thereby decreasing surface Chl in the study area.
MODIS imagery (0.4 mg Chl m–3 to the 0.1 mg Chl m–3
visible during the cruise) corroborates this. Of note, Chl F
within the upper 250 m, ~21 mg Chl m–2, would average
0.3 mg Chl m–3 if distributed uniformly throughout the
euphotic zone.
From a biological standpoint, microzooplankton
consume up to 100% of daily primary production in
oligotrophic seas (Verity et al., 1993; Calbet, 2008), and
so intense grazing might account for the observed Chl
decrease. Early stages of copepods and metazoans develop
within days; thus, their response to fluctuations in primary
producers would be faster and more significant compared
to adults.
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4.5. Food-web feedback caused by microzooplankton
production
The unusual winter plankton abundance in 2015 may
have been responsible for the summer (July) catches of
the anchovy Engraulis encrasicolus (Linnaeus, 1758) in
the open southern Adriatic that were several times higher
than normal (Croatian Ministry of Agriculture, Fisheries
and Rural Development). Recent investigations indicate
a strong positive correlation of annual anchovy catch
with February microzooplankton production (Kraus
et al., 2015). This may be related to intensive feeding of
adult anchovy on zooplankton during their February
prespawning period (Regner, 1996) before attaining
commercial length (~9 cm) about 4 and a half months later
(Sinovčić, 2000).
4.6. Conclusions
Our results indicate the possibility of large and rapid
variations in production conditions in oligotrophic
open water of temperate regions, driven by overall
environmental changes and a complexity of processes in
the entire water column. The development of planktonic
communities is affected to varying degrees by climatic
processes acting over a wider scale (Berline et al., 2012)
that govern patterns of precipitation, seasonal exposure to
atmospheric fronts, and winds that may be strong enough
to induce deep convection. In this vein, accumulating
evidence links the general warming trend experienced over
the broader Mediterranean basin to substantial changes
in its marine biota (Marba et al., 2015). The seasonal
cycles of some crustaceans and gelatinous zooplankton,
for example, may now occur as much as 11 weeks earlier

than previously observed (Hays et al., 2005). Such effects
are intensified in relatively narrow, somewhat restricted
marine environments like the Adriatic Sea (NinčevićGladan et al., 2009; Giani et al., 2012; Batistić et al., 2014;
Grbec et al., 2015). The main results presented in this
paper for the oligotrophic south Adriatic are consistent
with these recently established trends.
Both allochthonous (BiOS circulation) and
autochthonous (local primary production) processes
contributed to the unusual zooplankton abundance and
distribution patterns observed in the SAP during the 2015
winter study period. Lack of continuous observations
makes it difficult to provide an unequivocal explanation of
which was more important in this case.
Several additional years of winter data are needed
before the events of 2015 can be classified confidently
as either a one-off anomaly or part of a new trend in
the timing and intensity of planktonic production in the
SAP. If indeed part of a phenological change, then its
importance will transcend purely academic interest, as the
consequences can be expected to propagate through the
Adriatic trophic web to commercial species. The impact
of such a change on Adriatic coastal economies and social
structure warrants further attention.
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Appendix. Tintinnids species encountered in different depth layers: A = 0–100 m; B = 100–300 m; C = 300–500 m; D = >500 m.
Species
Codonella amphorella Biedermann, 1893
Codonella apicata Kofoid & Campbell, 1929
Codonella aspera Kofoid & Campbell, 1929
Codonella galea Haeckel, 1873
Codonaria cistellula (Fol, 1884) Kofoid & Campbell, 1929
Poroecus apiculatus (Cleve, 1899) Cleve, 1902
Poroecus tubulosus Balech, 1968
Tintinnopsis cylindrica Daday, 1887
Tintinnopsis campanula Ehrenberg, 1840
Codonellopsis orthoceras (Haeckel, 1873) Jörgensen, 1924
Codonellopsis schabi (Brandt, 1906) Kofoid & Campbell, 1929
Stenosemella nivalis (Meunier, 1910)
Stenosemella ventricosa (Claparède & Lachmann, 1858) Jörgensen, 1924
Helicostomella subulata (Ehrenberg, 1833) Jörgensen, 1924
Cyttarocylis cassis (Haeckel, 1837)
Cyttarocylis eucecryphalus (Haeckel) Kofoid, 1912
Petalotricha ampulla (Fol, 1881) Kent, 1882
Favella ehrenbergii (Claparède & Lachmann, 1858) Jörgensen, 1924
Epiplocylis acuminata (Daday, 1887)
Epiplocylis undella (Ostenfeld & Schmidt) Balech, 1962
Rhabdonella spiralis (Fol, 1881)
Parundella messinensis (Brandt, 1906)
Parundela lohmanni (Jörgensen, 1924) Kofoid & Campbell, 1929
Xystonella lohmanni (Brandt) Kofoid & Campbell, 1929
Xystonella longicauda (Brandt, 1906) Brandt, 1906
Xystonella treforti (Daday, 1887)
Xystonellopsis cymatica (Brandt, 1906) Jörgensen, 1924
Xystonellopsis paradoxa (Cleve, 1900) Jörgensen, 1924
Xystonellopsis scyphium Jörgensen, 1924
Amplectella collaria (Brandt) Kofoid & Campbell, 1929
Amplectella tricollaria (Laackmann, 1910) Balech, 1975
Undella claparedei (Entz) Daday, 1887
Undella hyalina Daday, 1887
Undella pentagona (Jörgensen) Balech, 1975
Undella subcaudata acuta (Jörgensen, 1924) Balech, 197
Undellopsis marsupialis (Brandt, 1906) Kofoid & Campbell, 1929
Undellopsis subangulata (Jörgensen, 1924) Kofoid & Campbell, 1929
Dictyocysta elegans Ehrenberg, 1854
Dictyocysta lepida Ehrenberg, 1854
Dictyocysta mitra Haeckel, 1873
Dictyocysta muelleri (Imhof) Jörgensen, 1924
Amphorides quadrilineata (Claparède & Lachmann, 1858)
Dadayiella ganymedes (Entz, 1884) Kofoid & Campbell, 1929
Steenstrupiella steenstrupii (Claparède & Lachmann,1858) Kofoid & Campbell, 1929
Daturella stramonium Kofoid & Campbell, 1929
Eutintinnus elegans (Jörgensen) Kofoid & Campbell, 1939
Eutintinnus fraknoi (Daday, 1887)
Eutintinnus latus (Jörgensen, 1924) Kofoid & Campbell, 1939
Eutintinnus lusus-undae (Entz, 1884)
Salpingella acuminata (Claparède & Lachmann, 1858) Jörgensen, 1924
Salpingella rotundata (Kofoid & Campbell, 1929)
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