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VERTEBRATA
(vertebrates/vretenčarji)

Cyclostomata / Agnatha
(obloustke / brezčeljustnice)

Chondrichthyes
(hrustančnice)

Osteichthyes
(kostnice)

- resoplavutarice

- žarkoplavutarice

- prečnouste

- morske podgane

Myxini - glenavice

Petromyzontidae -
piškurji

Gnathostomata (jawed vertebrates/ čeljustni vretenčarji)
Reptilia (plazilci)

Secondary aquatic marine 
vertebrates

▪ breath air

Tetrapoda / Amniota:

▪ Synapsida: marine mammals (Mammalia) 

▪ Sauropsida: 

▪ Sea turtles (Testudines)

▪ Sea snakes and marine iguana (Lepidosauria)

▪ Marine crocodyle (Crocodylia)

▪ Marine birds (Aves)
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Secondary aquatic marine vertebrates

Environmental stress

WEDELL SEAL

Adaptations to marine environment:

▪ Movement through the aquatic environment

▪ Adaptations to pressure (diving)

▪ Oxygen storage (breathing)

▪ Regulation of the body temperature

▪ Osmotic/ionic adaptations

Secondary aquatic marine vertebrates

Adaptations

Secondary aquatic marine vertebrates

Diving physiology
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m
)

Days

90% of time in dives
avg: 20 min/dive

max: 2 h  

Northern elephant seal
Mirounga angustirostris

<30m

GREEN TURTLE

WEDELL‘S SEAL

110m

233m

260m

600m

>1000m

MARINE CROCODYLE

LOGGERHEAD TURTLE

ORCA

LEATHERBACK TURTLE
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Secondary aquatic marine vertebrates

Diving adaptations

1) Adaptations to pressure
▪ Mechanical effects of pressure

▪ Changes in solubility of gasses (N2, O2)

2) Adaptations to oxygen storage
▪ Oxygen stores

▪ Changes in metabolism

▪ Changes in blood flow (distribution of gasses)

▪ Convergent evolution in different evolutionary lineages of 
breath-hold divers

What is hapening in the process of 
diving?

▪ Intake of air (oxygen storage)

▪ Apnea (stop of breathing)

▪ No air exchange btw. animal and environment 

▪ Exchange of gasses continues in lungs (alveoli) + celullar 
methabolisme

▪ Voluntary and forced

▪ Bradycardia (reduction of heart frequency)

▪ Hipoperfusion (redistribution and reduction of the blood 
flow)

▪ Surfacing: brake down of lactates

10 L

Secondary aquatic marine vertebrates

Adaptations to pressure

2 atm

11 atm

10 m

0 m

100 m

1 atm
▪ Boyle‘s Law

P1 V1 = P2 V2
5 L

0,9 L

▪ Changes in air volume most 
dramatic in the shallow 
dives: 10-20m

▪ Direct effects on cellular 
processes (nervous tissue, 
organs, membranes…): 500-
1000m
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Secondary aquatic marine vertebrates

Adaptations to pressure

▪ Adaptation in respiratory system
▪ Straighten terminal airways 

▪ Lung collapse (alveoli)

Seal Sea lion Walrus

cartilage

muscles

HPNS
High pressure nervous syndrome

▪ In deep-diving speciea, with dives >500 m
▪ N2 : nitrogen narcosis (euphoria, dezorientation)
▪ O2 : blackout and death in partial pressure >1 atm
▪ Effects on tissues: higher absorption rates of N2 and O2 

(saturation of tissues)

▪ Solubility of gasses in tissues decrease, gasses are 
being released in the form of bubles (decompresion 
sickness, N2 bands)

surfacing

Adaptations: 

▪ Lung collapse (air in tracheas, no absorption 
in alveoli)

▪ Oxygen stored in tissues  (Mb)

Aquatic Reptiles

Oxygen stores

▪ Lungs (air)
▪ Blood (Hemoglobin, Hb)

▪ Higher hematocrit concentrations
▪ Higher relative volume of blood in comparision to related 

terrestrial species
➢ Humans: blood ≈ 7% body mass
➢ Marine mammals: blood ≈ 10-20% body mass

▪ Muscles (Myoglobin, Mb)
▪ Muscle Mb conc. 10-30x higher than in terrestrial species
▪ Ontogenetic Mb increase with growth

BARSKA KORNJAČA MORSKE ZMIJELOOGGERHEAD TURTLE LEATHERBACK POND TURTLE MARINE SNAKES
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Secondary aquatic marine vertebrates

Diving metabolism

Adaptations: 

▪ Increased tolerance to lactates 
(high conc. of lactat-
dehydrogenase) → increased 
tolerance of tissues to hypoxia

▪ Body size

▪ Aerobic: glucose → CO2 + H2O + 38 ATP 
▪ ADL  - aerobic dive limits

▪ Anaerobic: glucose → lactate + 2 ATP
▪ 1/19 of energy
▪ Lactate: toxic

Sea turtles: Reptiles

▪ Ectotherms: Activity and distribution dependant upon environmental 
temperature 
• temperatre dependant sex determination (TDS)

▪ Secondary aquatic – breath air

▪ Skin covered with scales and scutes (keratinous layer of epidermis)
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Adaptations
to marine environment

▪ shell: hydrodynamic shape

▪ front and hind legs  flippers

▪ can’t contract/hide in the shell

▪ salt glands (“turtle tears”)

Front flipper

Shell

Evolution of sea turtles
▪ first turtles: before ≈ 200 mil. yrs.

▪ first sea turtles: before ≈ 110 mil. yrs.

▪ Santanachelys gaffneyi (Brazil): ≈  20 cm, hard shell, 
enlarged front flippers, salt glands

mil. 
god.
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Origin of sea turtles

Archelon ischyros
❑ > 4 m

❑ > 2500 kg 

Living sea turtles...

▪ ≈ 65-75 mil. yrs. old

▪ 600 mil. green turtles (C. mydas) in warm shallow Caribbean seas 

▪ 5 mil. hawksbill turtles (E. imbricata) inhabited coral reefs

Christopher Columbus

Christopher Columbus

1503  - discovered Cayman Islands, named the 
islands «Las Tortugas»

▪ “...they (sea turtles) were present in such vast 
numbers that the dull sound of shells hiting each 
other could be heard for miles away....” 
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Systematic of sea turtles

Two living families:

1. fam. Dermochelyidae (usnjače)
▪ single species: leatherback turtle (Dermochelys coriacea)
▪ shell covered with dark skin, with 7 longitudinal ridges
▪ mosaic of small epidermal bones

2.  fam. Cheloniidae (želve)
▪ 6 species
▪ shell covered  

with keratinous scutes

Dermochelys coriacea

Systematic of sea turtles

Family / Species IUCN status Assesment yr.

fam. Cheloniidae (želve)

Loggerhead turtle/glavata kareta (Caretta caretta) VU 2015

Green turtle/orjaška črepaha  (Chelonia mydas) EN 2004

Hawksbill turtle/karetna želva (Eretmochelys imbricata) CR 2008

Kemps ridley (Lepidochelys kempii) CR 1996

Olive ridley (Lepidochelys olivacea) VU 2008

Flatback turtle (Natator depressus) DD 1996

fam. Dermochelyidae (usnjače)

Leatherback turtle / usnjača (Dermochelys coriacea) VU 2013
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Thermal biology of marine 
ectotherms

Heat exchange: 
▪ radiation
▪ conduction (body-surface heat exchange)
▪ convection (heat exchange among diferent medias)

o body into the air or water

Reptiles control their Tb by:

▪ Thermoregulatory 
behaviour

▪ Morhphological characters

▪ Physiological processes

1. Physiology and thermoregulation

Cardiovascular Control /heating and cooling

▪ changes in heart rate
▪ peripheral circulation

Heat Production
▪ muscular production
▪ metabolic heat production

(aquatic species)
▪ countercurrent heat exchange

Temperature sensors
▪ epiphysis (pineal complex)  melatonin  
 thyroxine

Countercurrent heat exchange in sea 
turtles

Leatherback turtle

▪ matrix form

Loggerhead and green turtle

▪ radial form
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Heat flow

Blood flow

SEA

blubber

Body 
wall

AIR

blubber

Body 
wall
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2. Control of Tb & morhphological characters

▪ morphlogical  characters: e.g. crests 

▪ dark colours: melanism

3. Thermoregulatory behaviour

▪ environmental heat loads vary with time and among (micro)habitats

▪ reptiles attempt to “buffer” variation by thermoregulatory behaviour:

1. selection of thermally suitable (micro)habitats

2. restriction of activity time

3. adoption of specific positions and postures

fam. Cheloniidae

fam. Dermochelyidae
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Leatherback sea turtle
(Dermochelys coriacea)

Dermochelys 
coriacea

Nesting    
colonies

At-sea distribution

0˚

20˚

Eckert 2002, MEPS 230: 289-293

26 ˚C
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Population in the E Pacific:

1980:  4600 nesting females

2009:  900 nesting females

Sustainable bycatch
(1% antropogenic mortality/yr)

35 adult females/ yr

Bycatch E Pacific:  20.000 – 40.000/yr (!)

Playa Grande, 
Costa Rica

Spotila et al. 2000. Nature 405, 529-530

Lewison  et al  2004. 
Ecol. Lett. 7: 221-231.

▪ pelagic longlines: 
> 200 000 catches of loggerhead turtles/yr.
> 50 000 leatherback turtles/yr.

NW Atlantic
▪ N ≈ 20,660 

nesting females
▪ 70%: Trinidad, 

Fr. Guiana
▪ −9.32%/year

(2008-2017)

SW Atlantic 
▪ N = 27 nesting females
▪ all nesting effort in Brazil 
▪ +4.8%/year (1986-2016)

SE Atlantic 
▪ N ≈ 9,200 nesting 

females
▪ 90% in Gabon
▪ −8.6%/year (2002-2015)

SW Indian 
▪ N ≈ 150 nesting 

females
▪ >75% in S. Africa
▪ -0.3%/year (1973-2016)

NE Indian
▪ N ≈ 110 nesting 

females
▪ 80% in India: 

Andaman & Nicobar Isl.
▪ no clear trend
▪ −17.9%/year

(Malaysia, 1967-2010)

W Pacific
▪ N ≈ 1300 nesting 

females
▪ >90% in Indonesia
▪ −2.3 to −5.7%/year

(2001-2017)

E Pacific
▪ N ≈ 755 nesting 

females
▪ >80% in Mexico 

and Costa Rica
▪ −15.5%/year 

(Costa Rica, 1988-2015)

▪ −97.4% over 3-gen. 
period (total)

Source:   NOAA/NMFS 2020
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Population size
(adult females)

Atlantic
30,000

Indian Ocean
260

E. Pacific
755

W Pacific
1,300

Source:   NOAA/NMFS 2020

Reproduction

▪ reproductive migrations: 
▪ females from foragning ground   → to reproductive habitats
▪ males ?
▪ remigration interval: 2-4 yrs

Constrains  - reproductive habitats :
▪ condition for adult activity
▪ conditions for embryonic development
▪ survival of hatchlings

Evolution of migrations
o split-up of Gondwana (≈ 70 

mil. yrs)  → splitting of S 
America and Africa 

o vulcanic activity  → Ascension 
Isl. (7 mil. yrs) – 300 km from 
the land 

Sex identification

▪ juveniles: sexual dimorphism not existent (!)

▪ adults (> 70 cm in loggerhead turtle): males develop longer tail!

Chelonia mydas – green turtle
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Nesting

▪ similar in all sea turtle species

▪ duration: 1 – 2 hours, Ch. mydas: 2 – 3 hr

1) beach selection / ascending the beach

2) excavating the body pit (5-10 min)

3) digging the egg chamber (20 min)

4) ovoposition (20-30 min)

5) filling the egg chamber (10 min)

6) filling the body pit (10 min)

7) returning to the sea

Beach selection

▪ accessible from the sea

▪ high enough to prevent inundation  by tides or underlaying water table

▪ substrate (particle size) must facilitate gas difussion

▪ moist substrate and fine enough to prevent collapse of the egg chamber 
during construction

▪ Phylophatry: regional discrimination of reproductive regions

▪ Site fidelity: fine-scale homing to beach

Reproductive  biology

▪ nest depth: 50–80 cm

▪ constant temperature (!)

▪ 80 – 120 eggs/ nest

▪ internesting interval: ≈ 10-14 days

▪ 2-4 nests per reproductive season  

(range: 1-9)

▪ remigration period:   2-4 yrs.
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Embryonic 
development

▪ fertility:  >80%

▪ sex determination: TSD

▪ Tp ≈ 29 ˚C  (pivotal temperature)

▪ experimentaly established

▪ evolutionary conservative for 
different species and populations

▪ incubation period:  50-80 days 
(depending of the incubation temp.)

▪ hatching sucess: >80% (highly 
variable between populations/ 
beaches)

100

50

0

%♀♀

˚CTp

Loggerhead sea turtle (Caretta caretta), Tp = 29.3 ˚C, incubation: 
52.6 days

▪ nest depth: 50 cm
▪ daily variation of temperature: 0.3 – 1.4 ˚C (temperature data loggers)  
▪ average nest temperature: 29.5 – 33.2 ˚C
▪ average temperaure durig photosensitive period: 29.3 – 33.7 ˚C

Thermal biology of nest

Tp

Cyprus: a. Alagadi; Greece: b. Bay of Chania; c. Kefalonia; d. Kyparissia Bay; e. Lakonikos Bay; f. 
Rethymno; g. Rhodes; h. Zakynthos; Libya: i. not specified; Turkey: j. Akyatan; k. Anamur; l. Dalyan; 

m. Fethiye; n. Gosku; o. Kizilot; p. Patara; Egypt: q. Sinai Peninsula; Israel: r. whole coastline.

75 – 99% females

Loggerhead sea turtle, Mediterranean Sea: 

Sex ratio of hatchling production
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Lots of females: 
problem 

or pure luck for males?

▪ polyandry: clutch fertilized by several males – multiple paternity 
▪ microsatellite DNA analysis

Fitness benefits:
▪ secure fertilization
▪ selection of genetic material
▪ higher genetic variabiltz of offsprings

Costs to females:
▪ ↑ mortality risk
▪ ↑ predation risk
▪ ↑ energetic costs

Sea turtles and polyandry

Ascension Island

▪ population density: 1000 turtles/km2, shallow coastal waters
▪ females – actively control courtship by behavior (aggregation, avoidance, 
escape) 
▪ males – can’t force female on copulation

Fitness benefit:  survival of nest
▪ survival: not correlated with proportion 

of primary male (highest paternity %)
▪ dominant influence of nest position

[dark (hot) sand – light (cool) sand]

Females reject more than one 
copulation, unless the avoidance costs 

are higher than the mating costs

Sea turtles and polyandry
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Operational sex ratios
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Wright et al. 2012. Proc. Royal Soc.

Orientation and navigation

▪ sea finding: visual cues
▪ orientation toward the brighter, lower oceanic horizon

BEACH WAVE REFRACTION
ZONE

OPEN OCEAN

Visual cues
Wave

orientation
Magnetic orientation
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Orientation response to colored ligth from hatchlings from four 
species of sea turtles

Orientation and navigation

▪ sea finding: visual cues
▪ orientation toward the brighter, lower oceanic horizon

▪ nearshore waters (wave refraction zone): wave orientation
▪ 24-48 swiming frenzy (→ open ocean)

BEACH WAVE REFRACTION
ZONE

OPEN OCEAN

Visual cues
Wave

orientation
Magnetic orientation
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Orientation and navigation

▪ sea finding: visual cues
▪ orientation toward the brighter, lower oceanic horizon

▪ nearshore waters (wave refraction zone): wave orientation
▪ 24-48 swiming frenzy (→ open ocean)

▪ open ocean: magnetic orientation

BEACH WAVE REFRACTION
ZONE

OPEN OCEAN

Visual cues
Wave

orientation
Magnetic orientation

Schematic of the experimental apparatus, including the orientation arena, magnetic coil 
structure and data-acquisition system. 

Fuxjager M J et al. J Exp Biol 2011;214:2504-2508
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Diagram of hatchling orientation responses to magnetic fields that exist at different locations 

(indicated by circled dots) in the North Atlantic Ocean. 

Fuxjager M J et al. J Exp Biol 2011;214:2504-2508

Natal beach homing and adult 
navigation
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Life history patterns

▪ the neritic developmental pattern
▪ Natator depressus

▪ the oceanic developmental pattern
▪ Dermochelys coriacea

▪ Lepidochelys olivacea (E Pacific populations)

▪ the oceanic-neritic developmental pattern
▪ all other sea turtle species
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Oceanic-neritic developmental pattern 

Neritic 
habitats

Oceanic 
habitats

Reproductive habitats

GULF OF 
MEXICO

AZORES

MADEIRA

CANARY 
ISLANDS

CAPE VERDE 

Sargasso 

Sea

Trans-Atlantic developmental migrations (Carr

1987. Conserv. Biol.)

Pelagic developmental 
phase: 

6.5 – 11.5 god.
(Bjorndal et al.  2000) 

Neritic developmental phase: 
16 – 23 yrs.
(Bjorndal et al . 2001, Braun-McNeill  et al. 2008) 

C. caretta: 

Relaxed life history model

▪ Casale et al. 2008. Mar. Ecol. Prog. Ser. 

Epipelagic habitats

Neritic habitats

A
ge

Population

adults

epipelagic
phase

oportunistic
phase

juveniles
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500 m

500 m

Loggerhead sea turtle 

▪ satellite telemetry:  high ecological plasticity in behavior and habitat      
use

Hawkes et al. 2006. Curr. Biol. 16: 990-995. 

Neritic developmental pattern 

Neritic 
habitats

Oceanic 
habitats

Reproductive habitats

Oceanic developmental pattern 

Neritic 
habitats

Oceanic 
habitats

Reproductive habitats
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▪ flipper tagging (ID code)

▪ filopatry (females)

→ isolated reproductive populations

▪ mtDNA haplotypes

Nest site fidelity

Population structure in marine 
habitats

Nesting site A Nesting site B Nesting site C

Marine habitat 1 Marine habitat 2
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ATLANTIC ORIGIN

MEDITERRANEAN ORIGIN

Haplotype Frequency(%)

CC-A1: 
▪ endemic for Atlantic

CC-A2, CC-A3: 
▪ shared, Atlantic and 

Mediterranean

Mixed Stock Analysis

Philopatry for marine habitats

TUNISIA

LIBYA
EGYPT

SYRIA

TURKEY

60-90 days

LOGGERHEAD TURTLES – POST-REPRODUCTIVE MIGRATIONS 

(CYPRUS, 2002)

Broderick et al. 2007. Proc. R. Soc. B 274: 1533-1538.
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LOGGERHEAD TURTLE 1 – 2002 and 2005

Turkey

Syria

Egypt
Libya

Tunisia

Broderick et al. 2007. Proc. R. Soc. B 274: 1533-1538.

LOGGERHEAD TURTLE 2 – 2001 and 2003

Tunisia

Feeding habitats ‘02
Wintering ‘03
Feeding habitats ‘03

Fidelity for marine habitats
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2

1

3

4

GREEN TURTLES – CYPRUS, 1998, 1999

Syria

Egypt

Turkey

LibyaLibya

2

Turkey

1

Syria

Egypt

3

4

1700km

LC 1,2,3,A,  <5km/hr 40-60 days

Broderick et al. 2007. Proc. R. Soc. B 274: 1533-1538.

GREEN TURTLE A – 1999 AND 2004

Syria

Egypt

Turkey

Libya

LC 1,2,3,A,  <5km/hr

Broderick et al. 2007. Proc. R. Soc. B 274: 1533-1538.

GREEN TURTLE B – 1998 AND 2002

Syria

Egypt

Turkey

Libya

LC 1,2,3,A,  <5km/hr

Broderick et al. 2007. Proc. R. Soc. B 274: 1533-1538.
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GREEN TURTLE C – 1998 AND 2002

Syria

Egypt

Turkey

Libya

LC 1,2,3,A,  <5km/hr

Broderick et al. 2007. Proc. R. Soc. B 274: 1533-1538.

LC 1,2,3

10m

20m

November-December 03

424 days 

Libya

KEY:

Foraging 98

Winter 98

Foraging 99

Foraging 02

Winter 02

Foraging 03

Winter 03

GREEN TURTLE

Hochscheid et al. (2005) Biol Lett
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❑ Bottom-trawl bycath of sea turtles in the 
Mediterranean: < 30.000 captures/yr (≈ 20% 
mortality)

Sea turtles in the Mediterranean

Family / Species regional Regional IUCN status

fam. Cheloniidae (želve)

loggerhead turtle/glavata kareta (Caretta caretta) LC (2015)

green turtle/orjaška črepaha  (Chelonia mydas) n/a

hawksbill turtle/karetna želva (Eretmochelys imbricata) (rare visitor)

kemps ridley (Lepidochelys kempii) (rare visitor)

fam. Dermochelyidae (usnjače)

leatherback turtle / usnjača (Dermochelys coriacea) n/a (vagrant)
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Dermochelys coriacea

▪ 411 records btw. 1520-2001 (Casale et al. 2003. Herp J)

▪ Longline Catch Rate Mediterranean : Atlantic = 1:60 – 1:200   
(Casale et al. 2003. Herp J; Watson et al. 2005. Can J Fish Aquat Sci)
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Green sea turtle (Chelonia mydas)

Regional Managemen Units (RMUs)                 
Wallace et al. 2010. PlosONE 5(12)

Green sea turtle (Chelonia mydas)

Reproductive populations               
Casale et al. 2018. Endang. Spec. Res.

▪ Major green turtle rookeries: Turkey, Cyprus and Syria

▪ 13 major nesting locations 

▪ Mean nest number change since 2000: +47.1% 

▪ Regional IUCN status: not existent

▪ Conservation-dependent

Major nesting sites in the Mediterranean

(nests yr-1 ≥ 10 and nests km-1 ≥ 2.5). 
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Loggerhead sea turtle (Caretta caretta)

Regional Managemen Units (RMUs)                  
Wallace et al. 2010. PlosONE 5(12)
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Loggerhead sea turtle (Caretta caretta)

Reproductive populations                
Casale et al. 2018. Endang. Spec. Res.

▪ 96% of clutches laid in Greece, Turkey, Libya and Cyprus
▪ 52 major nesting sites

▪ The mean nest number change since 2000: +26.4% 

▪ Regional IUCN status: LC, conservation-dependent (MTSG 2015)

Major nesting sites in the Mediterranean (nests yr-1 ≥ 10 and nests km-1 ≥ 2.5). 

Mediterranean Sea:

Marine habitats 

❑ Epipelaic phase: < 3 yrs (CCL < 30 cm)
❑ Neritic phase: 2.5 – 16/28 yrs (66.5-

84.7 cm CCL)

102,000 km2

77,000 km2

Loggerhead sea turtle (Caretta caretta)

At-sea Biology.
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Neritic foraging and wintering sites
Casale et al. 2018. Endang. Spec. Res

Green turtle

Loggerhead turtle

Figure 1. General migratory routes of the 63 adult loggerhead turtles satellite tracked in the Mediterranean (Table I) and showing type A
movement pattern (Godley et al. 2008). Only groups of ≥ 10 animals released from the same site are considered, while releases of single
individuals (Table I) are not shown. Arrows represent the approximate, general courses and do not show the actual reconstructed routes.

Loggerhead sea turtle (Caretta caretta)

Main known migratory corridors for adults
Casale et al. 2018. Endang. Spec. Res
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Caretta caretta

Density and abundance

Abundance estimate

▪ Not-corrected: 27,000 (C.I. 24,000-31,000)

▪ N Adriatic : 18,200 (C.I. 17,700-20,000)

▪ Corrected (13% time-at-surface): 213,000
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Aerial Surveys
2019/2020

Summer 2019 Winter 2020

CPUE: 0.043 
catches/fishing 

day

CPUE: 0.701 
catches/fishing 
day

BOTTOM TRAWLS

Adriatic Sea

Trawl bycatch

▪ Bottom-trawl bycath in the Mediterranean: 
< 30.000 captures/yr (≈ 20% mortality)

▪ Adriatic Sea: bycatch hot-spot
▪ peak during the “winter”

W Adriatic (Italy) 
• 4,273 captures/year 
▪ direct mortality: 9.4%
▪ potential mortality: 43.8% 

E Adriatic (Croatia, Slovenia)
▪ 2,500 captures/year
▪ direct mortality: 7.5 – 12.5%
▪ potential mortality: 26.9% 

Turtle Excluder Device  (TED)
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Faculty of Mathematics, Natural Sciences
and Information Technologies

University of  
Primorska

Mediterranean Sea

Gill-net bycatch

▪ >20.000 captures/year

▪ Avg. mortality: 60%

Faculty of Mathematics, Natural Sciences
and Information Technologies

University of  
Primorska
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Intentional catch

▪ food, artifacts, antagonism... 

▪ Algeria, Egypt, France, Greece, Morocco, Tunisia, Turkey, Cyprus, Syria
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Ecological roles of sea turtles

▪ problem: low populations (mostly)
▪ ecological extinction?

▪ Habitat maintainance
▪ green turtle grazing: increase in productivity of seagrass beds

▪ hawksbils: “removing” sponges from coral reefs 

▪ Energy transfer
▪ from marine habitats  → nesting beaches (input of nutrients, 

stabilization of dunes

▪ food source for numerous predators

▪ Maintainance of trophic dynamic in marine food webs
▪ Leatherbacks: top jellyfish predator  (preventing further shift  in 

species dominance from fish to jellyfish)

▪ Bioturbation – role in nutrient cycling

▪ Sea turtles: habitat for some species
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Readings


