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Abstract
Background

During growth, amphipods undergo successive moults accompanied by changes in body
size and morphology. Several morphological features can be used as reliable indicators
of the growth stage. However, the limited availability of information on stage-specific
morphological variation may hinder accurate taxonomic identification, reducing
knowledge on species distribution.

New information

In this paper, the diagnostic characters of the subadult stage of the male Phronima
atlantica from the Aegean Sea, eastern Mediterranean Sea, were examined and
compared to the mature stage. As a result of the comparison, all taxonomic diagnostic
features of P atlantica, that differentiate the species from its congeneric species, are
confirmed as robust, except for one, the outer ramus of uropod 2 being twice as long as
inner ramus. Such analysis poses some questions on the distribution pattern of the
species within the Mediterranean Sea, which could be underestimated. Furthermore, the
records of P atlantica in this paper confirm the presence of the species in the Aegean
Sea after no records in this area since 1924, possibly because the species was being
misidentified.

© Martino C et al. This is an open access article distributed under the terms of the Creative Commons Attribution
License (CC BY 4.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the
original author and source are credited.


mailto:sabrina.lobrutto@unipa.it

Keywords

Hyperiidea, Phronima atlantica, Taxonomy, Mediterranean Sea, Aegean Sea, GBIF

Introduction

Phronima atlantica Guérin-Méneville, 1836 (Hyperiidea, Phronimidae), is the second
largest species of the genus after Phronima sedentaria (Forskal, 1775). Like all
Phronimidae, it is planktonic and parasitoid. Phronima atlantica has been recorded in
association with the salps Thalia democratica (Forskal, 1775), Salpa fusiformis Cuvier,
1804, and Traustedtia multitentaculata (Quoy & Gaimard, 1834) (Harbison et al. 1977,
Laval 1980, Aoki et al. 2013). The host carcass functions as a nursery (Diebel 1988,
Laval 1980, Shih 1969), provides shelter from predators, increases buoyancy, and
facilitates dispersal (Bishop and Geiger 2006).

The descriptions and taxonomic keys to Phronima species are based on mature males
and females (Shih 1991, Vinogradov et al. 1982), whereas information on growth stages
is limited, particularly for P, atlantica, and is largely restricted to a small number of studies
and grey literature sources (e.g. Shih 1969, Mogk 1927), which are not easy to access or
are not written in English.

During growth, amphipods undergo successive moults accompanied by changes in body
size and morphology (laciofano and Lo Brutto 2016, Lo Brutto et al. 2022). In Phronima,
morphological traits may therefore vary along growth, potentially affecting the expression
of diagnostic characters. Such impact is particularly relevant in a genus in which species
can share similar morphological features. Consequently, diagnosis established from
mature individuals may not necessarily retain the same degree of reliability in immature
or subadult specimens. This issue is especially important for P atlantica, which has
frequently been confused with congeneric species in previous studies (Zeidler 2004,
Shih 1969). Misidentification of immature individuals, together with the limited availability
of information on the stage-specific morphology, may potentially affect the accuracy of
distributional records in the open databases, such as GBIF (Global Biodiversity
Information Facility) and WoRMS (World Register of Marine Species) (GBIF.org 2026,
WoRMS Editorial Board 2016).

Phronima atlantica is widely distributed in tropical and temperate regions of the world's
oceans, including the Mediterranean Sea (Zeidler and De Broyer 2009), and its type
locality is in the Atlantic Ocean. Current Mediterranean checklists report records of P,
atlantica only from the Italian and Lebanese coasts (Badalucco et al. 2026). Other
species of Phronima with broad distribution include P sedentaria, P. solitaria Guérin-
Méneville, 1844, P. colletti Bovallius, 1887, P. curvipes Vosseler, 1901, P. pacifica Streets,
1877, and P, stebbingi Vosseler, 1901. Instead, P. bucephala Giles, 1888 is restricted to



the Indo-West Pacific, whereas P. bowmani Shih, 1991 and P. dunbari Shih, 1991 are
restricted to the eastern tropical Pacific (Shih 1991, Zeidler 1992, Zeidler 1998).

This paper aims to advance the knowledge of the taxonomic traits of P atlantica at the
subadult stage by comparing them to the adult stage and focusing Phronima spp.
diagnostic characters. This would therefore ease the identification of P atlantica to the
species level and confirm which taxonomic characters are reliable for identification at any
stage.

Additionally, we aim to establish whether the presence of P. atlantica in the Aegean Sea
is a new finding or if it had already been sampled there in older reports that had
investigated the area in the previous century, such as Stephensen (1924)'s report of the
Danish "Thor" oceanographic expeditions in 1908-1913, and Shih (1969)'s paper
containing data from the Danish "Dana" oceanographic expeditions in 1928-1930.

Materials and methods
Sampling

This research was conducted within an expedition route under the Project M.A.R.E. 2025
in the Aegean Sea, eastern Mediterranean, following a pre-defined track from Sitia
(Crete) to Rhodes, then to Mykonos, and ending in Patras. Sampling sites were
scheduled a priori along this itinerary and adjusted to daily operational constraints to
maximise spatial coverage. The expedition program did not allow replicated deployments
at each locality unless the weather impeded travel. Out of the 9 stations (Fig. 1), P
atlantica was sampled near Prasonisi (35.880276° N, 27.766312° E) in June 2025, and
near Skaloma (38.017833° N, 22.904170° E) in July 2025. All individuals were stored in
96% ethanol.

A CARE® (Ecocean) light trap (Lecaillon 2004) was used to obtain the samples. It
consisted of a surface float, a waterproof lighting unit housing a 12V LED powered by a
rechargeable 5W battery, and a vertically mounted conical net (2 mm mesh) terminating
at the bottom in a 2 L collection cylinder suspended approximately 1.5 m below the
surface. The system was secured to the stern of a vessel and maintained vertically using
a weight attached to the lower end of the trap. Sampling took on average 9 hours from
time of trap deployment until time of retrieval.

Photographs and measurements of collected specimens were taken with a Nikon SMZ25
(Tokyo, Japan) stereomicroscope. Line drawings were composed from photographs with
software Procreate (Version 5.4.11, Savage Interactive 2026).

Growth stages characterization

The growth stage of the individuals was established following Shih (1969), who
categorized the growth stages of Phronima genus in "juvenile", "immature",



"adolescent" and "mature". These categories were discriminated based on the body
length and the number of articles of pleopod 3 (Plp3) exopodite and endopodite (Table 1
). We will refer to the “adolescent” stage as subadult stage from here onward.

A total of three individuals of P, atlantica were sampled: one male near Prasonisi in June
2025, and a male and a female near Skaloma in July 2025. The female was 11.32 mm
long and possessed Plp3 exopodite 12-articled and Plp3 endopodite 11-articled, which
correspond to the adult stage (Table 1). No subadult female was captured to assess the
subadult diagnostic characters. The male (Fig. 2) from Skaloma was 7.74 mm long, with
Plp3 exopodite 7-articled and Plp3 endopodite 6-articled, which correspond to the
subadult stage (Table 1). The male (Fig. 3) from Prasonisi was 9.73 mm long, with Plp3
exopodite 9-articled and PI3 endopodite 8-articled, which correspond to the adult stage
before the last moult (Table 1).

Phronima atlantica diagnostic traits

Diagnostic traits deemed relevant for the diagnosis of the species of the subadult were
obtained from the genus taxonomic key from Shih (1991), shown in a schematic format
in Table 2.

Phronima records in the Mediterranean Sea

Mediterranean records of Phronima spp. were downloaded from the GBIF database on
24 June 2026. Records of Phronima spp. from GBIF were integrated with records from
this paper's sampling campaign and fromLo Bianco (1903), Chevreux (1913),
Stephensen (1924), Shih (1969), Olguner and Deval (2022). Graphs and maps were
created in RStudio (R Studio Team 2019) v. 2025.05.1+225 using R software v.4.4.3 (R
Core Team 2020). The compiled dataset, along with the corresponding references, is in
press.

Taxon treatment

Phronima atlantica Guérin-Méneville, 1836

Diagnosis

Subadult male. Cephalon shorter than the first five segments of pereon. Seventh
pereon segment longer than first pleon segment. Pleonite 1 ventral margin not
strongly indented. Antenna 1 (Fig. 4A) not fully developed; peduncle composed of 3
segments, small and conical; flagellum 4-segmented, first segment longer than 'z the
cephalon anterior margin, with short row of setae on anterodistal margin. Antenna 2
(Fig. 4A) shorter than antenna 1, peduncle composed of 4 segments, filiform flagellum
5-segmented. Pereopods 1-4 and 6-7 (Fig. 2) slender, without any subchelate
structures. Pereopod 3 shorter than pereopod 5. Pereopod 5 (Fig. 4C) base straight,
with genus-typical spike on posterodistal margin; combined ischium and merus



smaller than half the length of basis; posterior margin of ischium and merus slightly
convex; carpus enlarged, ratio of length/width 1.5; anterodistal margin of carpus
possesses a carpal process which extends beyond the ventral margin of the
propodus; carpal tubercle present in the middle of distal margin of carpus, shorter
than carpal process, composed of a separate single tooth followed by a second tooth,
finely denticulate on its posterior margin, which also possesses 6 setae; propodus
sickle shaped, 0.7 times longer than distal margin of carpus. Pleopod 3 exopodite 7-
articled and endopodite 6-articled. Uropods (Fig. 4E) 1-3 slender and short, with
uropod 2 being the shortest; rami of uropod 1 equal in length; inner ramus of uropod
2 is less than half the length of outer ramus; rami of uropod 3 equal in length.

Remarks on subadult male compared to adult male: Differences between the two
life stages are, most noticeably, in the antenna 1 (Fig. 4A, B). The mature male
possesses a well-developed antenna 1, with a 7-segmented flagellum compared to
the 4-segmented flagellum of the subadult; setation of the first flagellum segment in
mature male is lined with long setae on the dorsal and ventral margin, while the
subadult only possesses a tuft of stout setae on anterodistal margin. Antenna 2 (Fig. 4
A, B) is also different due to the number of segments of flagellum: in mature male
flagellum is 12-segmented, in subadult the flagellum is 5-segmented. In subadult
male segments of pereopod 5 (Fig. 4C, D) are less bulbous and longer than wide.
Uropod 2 inner ramus (Fig. 4E, F) in mature male is longer than half the length of
outer ramus while in subadultinner ramus is less than half length of outer ramus.

Remarks on Phronima spp. diagnostic traits: Diagnostic characters were not
enough to identify the subadult down to the species level, the identification effort had
to also rely on the presence of a mature P. atlantica female in the same sample and
the few resources available on P atlantica subadult, namely P5 illustrations (Shih
1969), to exclude other species. Only after comparison of subadult and mature P,
atlantica males, it emerged which of the taxonomically relevant characters of the key
to the species (Shih 1991) remained valid. The misleading character was the outer
ramus of the uropod 2 not being longer than twice the inner ramus in the subadult.
This diagnostic character has already been noted to be linked with growth in females
of P. solitaria (Shih 1969) and now we report a similar finding for males of P. atlantica.
In contrast, P. curvipes, P. dunbari and P, stebbingi are known to maintain the uropod
2 outer ramus longer than twice the length of the inner ramus even at the adult male
stage (Table 2).

Analysis
Phronima spp. distribution in the Mediterranean Sea

The new records from our sampling expedition in the Aegean Sea (Fig. 1) confirm the
presence of P atlantica in this area after the previous records by Stephensen (
Stephensen 1924) and Shih (1969). The distribution of Phronima atlantica (Fig. 5) is



wider than what current checklists report and it overlaps with the distribution of the even
more common P. sedentaria (Fig. 6).

The resulting distributions show the Phronima species to be distributed in the entire
Mediterranean Sea, from the western to the eastern basin. An exception is the species P,
pacifica (Fig. 6 C), with no records from the western basin.

Of the records of Phronima spp. in the Mediterranean, the majority are of P sedentaria
(47.3%) (Fig. 7) followed by P, atlantica (31.1%). The remaining species in decreasing
order of number of records are: P. curvipes (10.5%), P. colletti (2.2%), P. stebbingi (2%), P.
pacifica (0,9%) and P. stebbingi (0.5%). Records identified only down to the genus level
were 5.5% of total records in the Mediterranean Sea.

Discussion

During their growth, amphipods increase in size and their morphology changes from one
growth stage to the next: reliable morphological traits that have been used as indicators
of growth stage are the increasing number of antenna articles (Brown et al. 2015) or the
shape of subchelate pereopod (laciofano and Lo Brutto 2016). These traits can also be
used to identify the growth stage of the genus Phronima (Shih 1969), which as a hyperiid
can also have its growth stages distinguished by the number of articles of pleopod 3 rami
(Table 1) (Shih 1969, Kane 1961). Details of the changes during growth are species
specific and the descriptions dedicated to immature stages of a species are rare and non-
exhaustive. Lack of readily available information therefore limits the efficacy of taxonomic
identification and adds uncertainty.

Examination of the male subadult’'s morphology in this work has shown that it is possible
to identify Phronima atlantica to the species level even if the individual has not reached
full sexual maturity. The diagnostic characters become more evident at the mature stage
but are still present in the subadult. The one diagnostic character found to change
between the two examined growth stages is the difference in length between outer and
inner ramus of uropod 2. A precedent link between growth and this character was found
in female P, solitaria (Shih 1969), giving support to this result even if only two individuals
of P. aflantica were included in our study. The character of the uropod 2 outer ramus
being more than twice as long as inner ramus is a juvenile character, retained during
growth by the males of some species (P. curvipes, P. dunbari and P. stebbingi), should
therefore not be used for identification of Phronima sp. males unless the individuals are
fully mature. With regard to the females, the sampling campaign for the present study
obtained a single female at the mature stage. It is recommended that future studies
compare subadult and adult P, atlantica females.

The oroportion of the records of Phronima spp. in the Mediterranean Sea suggests that
unidentified specimens of P. atlantica could be hidden among unspecified Phronima sp.
entries (Fig. 7) or misidentified as P sedentaria (Fig. 6D), a species frequently confused
with P atlantica when mature individuals are lacking. Additionally, because the range of



these two species in the Mediterranean overlaps (Figs 5, 6D), knowledge of the species
biogeography can not help discriminate the two species since asampling effort
captures them both in the same site. This paper is a potentially useful resource to ease
the identification of P. atlantica in cases such as those previously posed.

The resulting distributions (Figs 5, 6) of Mediterranean species of Phronima show all
species being present in both western and eastern basin, with the exception of P
pacifica. Absence of this species from the western basin could be due to P, pacifica being
a tropical species, (Vinogradov et al. 1982), and as such it would not be present in the
area of the Mediterranean with the higher influx of temperate oceanic Atlantic
water. Notably, P pacificais also a rarer species compared to P sedentaria and P
atlantica, although its global ditribution is quite wide (Zeidler 1992, Zeidler 1998).
Phronima stebbingi is most common in the Atlantic Ocean and eastern equatorial Pacific
Ocean, while being rarer in the Indian Ocean (Zeidler and De Broyer 2009), but this does
not appear to have effected its continous distribution in the Mediterranean Sea (Fig. 6
F). Remaining species P colletti, P. curvipes and P. solitaria, are as uncommon in the
Mediterranean Sea as they are on the global scale (Zeidler 1992, Zeidler 1998) (Fig. 7).

From the literature it emerged that all these species have been present in the
Mediterranean Sea since the early 20" century and none are recent introductions. The
earliest record of the genus were P, atlantica and P. pacifica in the Aegean Sea in 1881 (
Shih 1969), both specimen from the Collection of the Zoological Museum of the
University of Copenhagen. Following is the earliest record of P sedentaria, which was
from the Bay of Villefranche-sur-Mer in 1898 (Olivier et al. 2015). Stephensen (1924)
reports the earliest record of P, colletti, in the Alboran Sea in 1910, and the earliest record
of P. curvipes, near the Algerian coast in 1909. Establishing the first record of P. stebbingi
in the Mediterranean Sea is more complex than the other species: Shih (1969) writes that
P, stebbingi had already been recorded in the Mediterranean by the "Dana" expeditions
and by Chevreux (1913) off Monaco, France. One complication in the establishment of
the first record of P. stebbingi in the Mediterranean Sea is that in his list of records from
the "Dana" expeditions, Shih (1969) does not include this Mediterranean record he writes
of. Furthermore, in accordance with Shih (1969), both Vinogradov et al.(1982) and
Zeidler and De Broyer (2009) also include the Mediterranean Sea as an area where the
species is found, the latter also citing Chevreux (1913) as information source. Regarding
Chevreux (1913)’s publication, the author states specimens of P. stebbingi were obtained
off Monaco in 1911 and in 1912, but a later publication of the same author (Chevreux and
Fage 1925) does not include the Mediterranean Sea in the range of P stebbingi. Since
the 1911 record (Chevreux 1913) has not been proven to be incorrect, even by the author
himself who does not include the 1911 individuals in the records of other Mediterranean
species as a correction (Chevreux and Fage 1925), and considering the species is still
present in the Thyrrenian Sea, we report the earliest record of P stebbingi in the
Mediterranean Sea to be 1911.

Although the presence of P atlantica in the Aegean Sea is confirmed a long time after
Stephensen (1924) and Shih (1969)'s records, further sampling of the zooplankton in the



Mediterranean Sea will be needed to confirm if the species is still as widespread in the
Eastern and Western basins as it was in the early 201" century.
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Figure 1.

Map of the expedition in the Aegean Sea
positive for Phronima atlantica collection.
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Figure 2.

Phronima atlantica subadult male. Scale bar 1000 ym.
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Figure 3.

Phronima atlantica mature male. Scale bar 1000 um.

13


https://arpha.pensoft.net/zoomed_fig/14460756
https://arpha.pensoft.net/zoomed_fig/14460756
https://arpha.pensoft.net/zoomed_fig/14460756

Figure 4.

Phronima atlantica, male. A antenna 1 and antenna 2 subadult male; B antenna 1 and
antenna 2 mature male; C pereopod 5 subadult male; D pereopod 5 mature male; E uropods
and telson subadult male; F uropods and telson mature male. Scale bar 250 ym.
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Figure 5.
Records of Phronima atlantica in the Mediterranean Sea reterived from GBIF.
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Figure 6.

Records of Phronima species currently recorded in the Mediterranean Sea. A distribution of P
colletti; B distribution of P curvipes; C distribution of P pacifica; D distribution of P sedentaria;
E distribution of P, solitaria; F distribution of P stebbingi.
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Figure 7.

Proportion of the records of Phronima spp. in the Mediterranean Sea.
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Table 1.

Features to distinguish the four growth stages in P, atlantica according to Shih (1969): body length,
and number of articles of third pleopod (Plp3) exopodite and endopodite. The number of moults

within the stage is indicated.

Body length

Male . .
Articles PIp3 exopodite
Articles Plp3 endopodite
N. moults

Female Body length

Articles Plp3 exopodite
Articles PIp3 endopodite

N. moults

Juvenile
0.5-2.5 mm
0-2

0-2

18

Immature
3.5-7.5 mm
3-6

3-5

3

4.0-9.5 mm

3-8

Subadult
7.0-8.5 mm
7-8

6-7

2

9.0-12.0 mm

9-10

Mature
8-11 mm
9-10

8-9

2

11-25 mm

11-15

10-13



Table 2.

Diagnostic characters for discrimination of mature male Phronima atlantica from other mature
male Phronima spp. species. The following abbreviations of morphological terms were used; A2,
antenna 2; Art, article; P, pereopod; PI, pleomere/pleonite; Plp, pleopod; Prn, pereomere/pereonite;
U, Uropod.

A2

PI1 length
> Prn7

PI1 ventral
margin
strongly
indented

P3 length >
pereon

P4 length >
pereon

P5 carpal
process
length >
anterior
margin of
carpal
tubercle

P5 merus
and carpus
width >
length

P5 second
carpal
tubercle
posterior
margin
teeth
closely
contiguous

PI1
strongly
indented

U2 outer
ramus >x2
long as
inner
ramus

P.

atlantica bowmani

>2

articles

No

No

Yes

Yes

No

No

P

>2

articles

No

Yes

Yes

Yes

Yes

No

No

Yes

No

P
bucephala

>2 articles

No

Yes

Yes

Yes

Yes

No

No

Yes

No

P.
colletti

>2

articles

No

Yes

Yes

Yes

Yes

No

No

Yes

No

P.
curvipes

>2

articles

No

No

Yes

Yes

Yes

Yes

Yes

19

P.
dunbari

>2

articles

Yes

No

No

No

Yes

No

Yes

No

Yes

P

P

P.

pacifica sedentaria solitaria

>2

articles

No

No

No

No

Yes

Yes

Yes

Yes

No

2 articles

No

No

No

No

No

No

Yes

No

No

>2

articles

No

No

No

No

No

No

Yes

No

No

P
stebbingi

>2

articles

Yes

No

No

No

Yes

No

Yes

No

Yes



