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ABSTRACT

We report a total of 156 cetacean sightings made in the northern Adriatic Sea between 1988 and 2007. Con-
firmed identifications (n = 97) involved exclusively common bottlenose dolphins Tursiops truncatus. Encounter rates
for this species, obtained between 2001 and 2006 during visual cetacean surveys, ranged between 0.42 and 1.67
groups per 100 km of navigation, with no significant differences among years if a consistent methodology was used.
Information provided by this study contributes to setting environmental baselines and it can inform the design of sur-
veys aimed to obtain absolute estimates of cetacean abundance in this part of the Adriatic.
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OSSERVAZIONI DI CETACEI E FREQUENZE DI AVVISTAMENTO IN ADRIATICO
SETTENTRIONALE NEL PERIODO 1988-2007

SINTESI

Riportiamo un totale di 156 avvistamenti di cetacei in Adriatico settentrionale, dal 1988 al 2007. Le identificazi-
oni confermate (n = 97) hanno riguardato esclusivamente il tursiope Tursiops truncatus. Le frequenze di avvista-
mento per questa specie, ottenute nel corso di survey visivi sui cetacei svolti tra il 2001 e il 2006, oscillavano tra
0,42 e 1,67 gruppi per 100 km di navigazione, senza differenze significative tra un anno e l'altro quando la me-
todologia era omogenea. Le informazioni qui fornite contribuiscono a stabilire dei punti di riferimento sullo stato
dell’ambiente e possono essere utili nella progettazione di survey finalizzati all’ottenimento di stime di abbondanza
assoluta dei cetacei in questa parte dell’Adriatico.

Parole chiave: cetacei, Mare Adriatico, tursiope, Tursiops truncatus
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INTRODUCTION

Monitoring cetacean populations is crucial for un-
derstanding the changes occurring over time, including
the extent of geographic occurrence and shifts in species
composition. Of the two cetacean species regularly oc-
curring in the northern Adriatic Sea until the 1960s — the
common bottlenose dolphin Tursiops truncatus (hereaf-
ter "bottlenose dolphin") and the short-beaked common
dolphin Delphinus delphis — the latter has declined
dramatically due to anthropogenic impacts and it has
become increasingly rare in this and other parts of the
Mediterranean Sea (Bearzi et al., 2003, 2004).

This study reports a total of 156 cetacean sightings
recorded in the northern Adriatic Sea between 1988 and
2007. In addition, encounter rates of bottlenose dolphins
were obtained through visual surveys conducted be-
tween 2001 and 2006. While a comprehensive and
dedicated effort would be needed to assess cetacean
abundance and gain insight into population status and
trends, datasets such as the one presented here are rele-
vant to understanding shifts in species composition and
patterns of distribution. Encounter rates have relative
value because results depend largely on methodology.
However, they may provide preliminary insight in areas
with poor quantitative information. Further, they can as-
sist in the design of dedicated aerial or ship surveys by
indicating the amount of minimum effort needed to ob-
tain a given number of cetacean sightings (appropriate
sample size being a pre-requisite of insightful analyses).
The rationale behind the information presented here is
therefore twofold: 1) contribute to setting environmental
baselines for the understanding of changes occurring
over time (e.g. decades or centuries; Sdenz-Arroyo et al.,
2005), as requested inter alia by the EC Marine Strategy
Framework Directive (2008/56/EC of 17 June 2008), and
2) present information that can inform the design of sur-
veys (e.g. Buckland et al., 1993) intended to obtain ab-
solute estimates of cetacean abundance in this part of
the Adriatic.

MATERIAL AND METHODS

Cetacean sighting records were collected opportu-
nistically between 1988 and 2007 by observers includ-
ing experienced cetacean researchers, biologists carry-
ing out other kind of research, Customs Authority offi-
cers, pleasure boaters and sailors. Observation platforms
included small ships, yachts, sailing vessels and speed-
boats. Sighting reports were collected through forms
distributed inter alia at various marinas and nautical
clubs and via the world wide web (on the Tethys Re-
search Institute web site). Requested information in-
cluded date, time, GPS position, duration of the sighting,
estimated body size of the animals, estimated group
size, behaviour of the animals and their minimum dis-

tance from the boat, sea state, visibility, as well as de-
tails on the observation platform and contact informa-
tion. Reliable reports by observers with extensive field
experience on cetaceans as well as reports by inexperi-
enced observers, provided that such reports were docu-
mented by videos or photos suitable for species identifi-
cation, were classified as "confirmed records". Undocu-
mented reports by inexperienced observers as well as
uncertain reports were classified as "unconfirmed rec-
ords".

Visual surveys of cetaceans were conducted between
2001 and 2006 within an area delimited by the Italian
coast to the west, 13°29'E, 44°12'N and 45°37’N (Fig. 1).
The area covered by the surveys encompasses approxi-
mately 9,500 km’ of sea surface (Fig. 2). Data were ob-
tained from the following platforms: 1) fibreglass speed-
boat of 7 m (eye elevation of 1.8 m); 2) oceanographic
ship of 24 m (eye elevation 4.0 m); 3) oceanographic
ship of 35 m (eye elevation 7.2 m); and 4) oceano-
graphic ship of 61 m (eye elevation 12.0 m). The survey
effort totalled 114 days at sea. Survey data were col-
lected under the following conditions, qualifying "on
effort": 1) daylight and long-distance visibility; 2) sea
state of Douglas 1 or less; 3) swell 1 or less; and 4) sur-
vey speeds of 15-36 km h™. Binoculars were not used to
look for cetaceans during navigation, but could be used
to confirm species identification whenever necessary.
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Fig. 1: Map of the upper portion of the northern Adri-
atic Sea, showing bathymetric contour lines.

Sl. 1: Zemljevid zgornjega dela severnega Jadranskega
morja z oznacenimi izobatami.
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Fig. 2: Navigation "on effort" during cetacean surveys
conducted between 2001 and 2006. Red line: speed-
boat of 7 m; green: research ship of 24 m; blue line: re-
search ship of 61 m; black line: research ship of 35 m;
triangles: position of 53 bottlenose dolphin groups
sighted during navigation "on effort".

Sl. 2: Namenska plovba tekom popisa kitov in delfinov
med letoma 2001 in 2006. Rdeca crta: gliser, dolg 7 m;
zelena crta: raziskovalna ladja, dolga 24 m; modra crta:
raziskovalna ladja, dolga 61 m; ¢rna crta: raziskovalna
ladja, dolga 35 m; trikotniki: poloZaj 53 skupin velikih
pliskavk, opaZenih med namensko plovbo.

Observation sessions were interrupted if 1) sea state,
visibility or weather conditions deteriorated; or 2) the
boat stopped. Sightings made off effort during cetacean
surveys were not used to compute encounter rates, but
were added to the dataset of opportunistic cetacean rec-
ords.

Encounter rates of dolphin groups were computed
based on cells of 4’ latitude by 5’ longitude (7,470 by
6,590 m), containing a minimum navigation "on effort"
equal or greater than a cell’s diagonal (9,961 m). En-
counter rates were calculated by the ratio n/L, where n is
the total number of sightings in a cell and L is the total
number of km spent on effort in the same cell (Bearzi et
al., 2008).

Fig. 3: Distribution of 103 sightings reported between
1988 and 2007 in the northern Adriatic Sea. Confirmed
bottlenose dolphin sightings are indicated by triangles,
unidentified small Delphinidae by white dots. The star
shows the position of an animal reported to be a "12 m
long fin whale" (unconfirmed).

Sl. 3: Distribucija 103 opaZanj, zabeleZenih med letoma
1988 in 2007 v severnem Jadranskem morju. Potrjena
opazanja velike pliskavke so oznacena s trikotniki, opa-
Zanja neidentificiranih malih primerkov delfinov pa z
belimi pikami. Zvezda prikazuje pozicijo Zivali, opisano
kot "12-metrski brazdasti kit" (nepotrjeno).

RESULTS

A total of 103 cetacean sighting reports were obtai-
ned. Of these, all of the 44 confirmed records involved
bottlenose dolphins. The remaining 59 unconfirmed rec-
ords involved unidentified small Delphinidae that were
most likely to be bottlenose dolphins, but could also in-
clude other species. There was a single observation of a
large cetacean reported to be a "12 m long fin whale Ba-
laenoptera physalus”, sighted in 1993. The position of all
the sighting reports obtained opportunistically, as well as
of 33 sightings recorded off effort during cetacean sur-
veys, is shown in figure 3. Cetacean surveys yielded an
additional 53 sightings on effort, all of which were of
bottlenose dolphins (Fig. 2).
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Tab. 1: Survey effort, number of sightings and encounter rates of bottlenose dolphins during cetacean surveys

(2001-2006).

Tab. 1: Podatki o popisu, stevilu opaZanj in stopniji srecevanj velikih pliskavk tekom popisa kitov in delfinov (2001-

2006).
2001 2002 2003 2004 2005 2006
Speed- | Speed- [Research |Research|Research| Research |Research| Research
boat boat ship ship ship ship ship ship
Boat length (m) 7 7 24 61 35 35 35 35
Eye elevation (m) 1.8 1.8 4.0 12.0 7.2 7.2 7.2 7.2
Survey speed (km/h) 15-36 15-36 15-18 15-24 15-24 15-24 15-24 15-24
Navigation "on effort" (km) 1591 794 548 342 290 376 536 347
Sightings total 4 7 7 12 12 10 19 15
Sightings "on effort" 3 6 5 9 6 6 9 9
Encounter rate / 100 km 0.42 0.65 0.67 1.67 0.84 1.42 1.02 0.82
SD 1.757 2.153 2.092 3.131 2.784 3.299 2.700 2.605
SE 0.311 0.393 0.427 1.107 0.839 0.778 0.697 0.824
N (cells sampled) 32 30 24 8 11 18 15 10

Navigation "on effort" during cetacean surveys to-
talled 4,824 km. Encounter rates of bottlenose dolphins
obtained from different observation platforms are shown
in Table 1. Encounter rates were not merged because of
the considerable heterogeneity in vessel kind, speed, eye
elevation and/or geographic distribution of the survey
effort. The elevation of observers’ eyes resulting from the
different deck heights of survey platforms is an important
factor affecting encounter rates, the probability to spot
dolphins from small speedboats being generally lower
than that of seeing the animals from the upper deck of
oceanographic ships. While encounter rates in this study
did not show significant differences according to eye
elevation of observers (Kruskal-Wallis H = 1.65, p =
0.65, df = 3, n = 148), a trend was apparent and the cor-
relation between encounter rates and eye elevation was
rather strong (R* = 0.9337; Fig. 4). Encounter rates ob-
tained with consistent methods showed some variability.
For instance, encounter rates recorded between 2003
and 2006 from the same oceanographic ship (eye eleva-
tion 7.2 m) ranged between 0.82 and 1.42 groups per
100 km of navigation. However, there were no signifi-
cant differences for either of the two platforms used in
multiple years (35-m shipaoos.2006: Kruskal-Wallis H =
0.431, p = 093, df = 3, n = 54; speedboatyyn_z00::
Kruskal-Wallis H = 0.023, p=0.88, df = 1, n = 62).

DISCUSSION

This study complements existing knowledge on ceta-
ceans in the northern Adriatic Sea. Bottlenose dolphins
were the only cetacean species observed over a total of
97 confirmed sightings recorded in the study area across
20 years (1988-2007). Sighting reports and visual sur-
veys yielded no sightings of short-beaked common dol-
phins, further confirming that this species is no longer a

regular component of the northern Adriatic fauna. These
findings are consistent with changes occurred since
1960s, having resulted in almost exclusive presence of
bottlenose dolphins (Bearzi et al., 2004; Genov et al.,
2008). While several cetacean species have been re-
corded over the past decades in this part of the northern
Adriatic Sea (Krystufek & Lipej, 1993; Bearzi et al.,
2004; Lipej et al., 2004; Francese et al., 2007; Genov et
al., 2009), none of these species were observed or con-
firmed during this study, apart from a single uncon-
firmed sighting of a fin whale.

Comparisons among encounter rates obtained in this
study are not straightforward, due to heterogeneity in re-
search platforms and methodology (Tab. 1, Fig. 4). The
fact that encounter rates from small boats were generally
lower than those obtained from the upper deck of large
ships does not surprise, because chances of spotting
dolphins at sea are expected to increase with observer’s
height (Buckland et al., 1993).

While encounter rates of bottlenose dolphins ob-
tained with consistent methodology did not show sig-
nificant inter-annual variations, a greater effort and sam-
ple size would be needed to detect changes in distribu-
tion occurring annually or seasonally across subareas.
The northern Adriatic Sea is characterised by high an-
nual and seasonal variability of hydrological and bio-
logical variables (Franco & Michelato, 1992; Socal et al.,
2002; Grilli et al., 2005) and its local ecosystem is espe-
cially sensitive to seasonal and long-term variations of
both climate and anthropogenic nutrient loads (Degob-
bis et al., 2000; Russo et al., 2002). Changes in dolphin
distribution over time have been inferred to occur as a
result of changes in hydrological and physiographical
variables, likely to determine shifts in prey distribution
(Bearzi et al., 2008).
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Fig. 4: Correlation between encounter rates and eye
elevation of observers standing on the deck of four sur-
vey platforms used during this study. Error bars show
standard errors.

Sl. 4: Korelacija med stopnjo srecevanj in viSino oci
opazovalcev, stojecih na $tirih razli¢nih opazovalnih
ploscadih, uporabljenih v tej raziskavi. Stolpci ozna-
cujejo standardne napake.

Bottlenose dolphins seemed to occur throughout the
continental shelf waters covered by this study, both in-
shore and offshore. However, the results of this study
suggest that encounter rates of dolphins in this part of

the Adriatic may be expected to be generally low as well
as variable. This information can be relevant in the fu-
ture planning of dedicated aerial and ship surveys aimed
to monitor cetacean abundance and trends, e.g. through
distance sampling methods (Buckland et al., 1993).
Ships offering appropriately high observation decks
should be used in order to increase encounter rates and,
hence, sample size. Given that bottlenose dolphins are
virtually the only species regularly found in this area,
and species identification from above would not be an
issue, aerial surveys may yield cost-effective information
on distribution and abundance.
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POVZETEK

Med letoma 1988 in 2007 smo v severnem Jadranskem morju zabeleZili skupno 156 opaZanj kitov in delfinov.
Potrjene identifikacije (n = 97) so se nanaSale izklju¢no na velike pliskavke Tursiops truncatus. Navajamo tudi sto-
pnjo sreCevanj za to vrsto; podatki so bili pridobljeni med letoma 2001 in 2006 tekom vizualnega popisa kitov in
delfinov z razli¢nih raziskovalnih plovil med 4824 km dolgo namensko plovbo po obmocju velikem cca. 9,500 km”.
Stopnja srecevanj se je gibala med 0,42 in 1,67 skupin na 100 km plovbe, brez izrazite razlike v letih, pod pogojem
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uporabe konsistentne metodologije. Ugotovljena je bila korelacija med stopnjo srecevanj in visino oci opazovalca,
odvisno od razli¢nih visin opazovalnih ploscadi. Izsledki te studije kaZejo na to, da je velika pliskavka glavna vrsta
kitov in delfinov, ki se tekom zadnjih 20 let redno pojavlja v severnem Jadranskem morju. Te informacije prispevajo
k oblikovanju okoljskih izhodis¢, lahko pa se uporabijo tudi pri oblikovanju popisov za pridobivanje absolutne
ocene Stevilcnosti kitov in delfinov v tem delu Jadranskega morja.

Klju¢ne besede: kiti in delfini, Jadransko morje, velika pliskavka, Tursiops truncatus
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