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Abstract — Colonies of the red sea pen Pennatula rubra 
sampled by trawling in the northwestern Mediterranean Sea were 
analyzed. Biometric parameters such as total length, rachis length, 
number of polyp leaves, wet weight and dry weight were measured 
and related to each other by means of regression analysis. The 
most reliable measures for future inferencing of colonies size and 
biomass through visual techniques were individuated in order to 
allow a noninvasive study of P. rubra population structure and 
dynamics. 
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I. INTRODUCTION 

In the era of genomics and molecular zoology, looking at 
animal body and measure it to find proper biometric 
correlations can still reveal useful information for scientific 
purposes. Morphological studies have historically been the 
fundament of zoological knowledge, allowing the currently 
used taxonomic descriptions, as well as the understanding of 
species biology and evolution. However, many relationships 
between different anatomical parts are still to be understood 
for most of the animal species, especially for invertebrates. 
This is particularly urgent for fragile marine species with a 
peculiar aggregative behavior that contribute to create 
biogenic habitats, such as coral frameworks and forests [1, 2, 
3], particularly on soft bottoms [4]. Among them, sea pens 
are important field-forming octocorals, providing relevant 
structure in flat, low-relief soft-bottom habitats where there 
is little physical habitat complexity. These fields create an 
essential biogenic habitat for suprabenthic and benthic 
invertebrates, as well as an important feeding and nursery 
area for a rich demersal fish fauna [5, 6, 7, 8, 9]. 
Pennatulacean fields are usually difficult to be found because 
the habitat mapping geophysical techniques are not able to 
detect them. The only possible way to identify these fields on 
a large scale still remains trawling, through the analysis of 
commercial fishing bycatch data and/or experimental trawl 
fishing surveys data. Despite their importance in benthic 
ecology, little is still known about sea pen biology and 
ecology, and their vulnerability to human pressures has been 
assessed under a precautionary approach [9]. Destructive 
sampling is still needed to collect information about colonies 
size and their main features. However, the finding of proper 
biometric correlations could avoid the need of further 
sampling for the study of these populations in the near future. 
Underwater imagery techniques, such as remotely operated 
vehicles (ROVs) and towed cameras, are now allowing a 
better understanding of the sea pen numerical importance, in 
order to validate their modelled distributions and to establish 
in situ monitoring [10], representing a valid alternative to 
destructive sampling. Moreover, visual techniques provide 
further evidences of the ecological importance of sea pen 

fields as nursery area and refuge for many associated species 
[5, 8]. 

The present study reports some morphometric 
relationships found in a population of the red sea pen 
Pennatula rubra (Ellis, 1761), one of the most important 
field-forming sea pens of the Mediterranean continental shelf 
[11, 12]. These correlations would greatly enhance the value 
of ROV imaging by enabling future in situ estimations of sea 
pen size and biomass, in order to understand the population 
structure and the ecological role that such fields play in 
marine ecosystems [12, 13]. In particular, the relationships 
between the visible portions of the sea pens (above the 
peduncle) and the total length are needed, as imagery is 
unable to capture the total length [9]. The finding of reliable 
biometric relationships would avoid the need of sampling for 
the study of P. rubra population structure and dynamic, 
representing a necessary knowledge base for a noninvasive 
study of the wild populations of this sea pen. 

II. MATERIALS AND METHODS 

Colonies of P. rubra were sampled using an experimental 
trawl net with a stretched mesh of 20 mm in the codend, in 
the frame of the MEDITS (MEDiterranean International 
bottom Trawl Survey) project [14]. Sampling was carried out 
during 2013 northwest Punta Alice (Ionian Sea, southern 
Italy; Fig. 1) [11, 12], onboard the Pasquale e Cristina 

Fig. 1. Study area and location of the haul 39 (black spot), 
northwest Punta Alice (Southern Italy, Ionian Sea), where 
the colonies of Pennatula rubra were sampled. 
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fishing vessel. The catches from the haul 39 (Start: 
39°35.05’N - 16°52.26’E; End: 39°34.05’N - 16°53.63’E; 
61–65 m depth) were considered in this study. A 
SCANMAR acoustic system [15] was used to measure the 
horizontal and vertical openings of the net in order to 
estimate the swept area. The colonies of P. rubra sampled 
were preserved on board at -20°C. 

A total of 168 colonies, sampled over an area of 40,996 
m2, were analyzed. The following biometric parameters were 
measured for each colony: length of the rachis (mm), total 
length of the colony (considering both rachis and peduncle; 
mm), wet weight (g), and number of polyp leaves (Fig. 2). In 
particular, both right and left polyp leaves of each colony 
were counted, and the mean value was calculated when the 
number was different from the two sides of the same colony. 
Measurements were carried out in laboratory after thawing, 
considering that the freezing process causes the complete 
contraction of the colonies. On the contrary, living colonies 
can contain a highly variable quantity of seawater driving 
their contraction and considerably changing their size and 
wet weight [12]. 

Dry weight (g) was also measured for each colony after 
drying in an oven at 40°C for 96 hours. The relationship 
among all the biometric parameters was computed by means 
of regression analysis.  

III. RESULTS 

All the biometric correlations found in P. rubra showed 
significant exponential relationships, with P < 0.01 for all of 
them and P < 0.001 between dry and wet weight, and 
between rachis and total length. In particular, the dry weight 
resulted highly correlated with the wet weight (R2 = 0.89; 
Fig. 3a) and with the number of polyp leaves (R2 = 0.82; Fig. 
3b), while less correlated with the total length (R2 = 0.78; 

Fig. 3c) and with the rachis length (R2 = 0.79; Fig. 3d). This 
highlighted how the water content can affect length 
measurements due to a different contraction of the colony, 
while wet weight and number of polyp leaves can be 
considered better proxies for the dry weight estimation. The 
rachis length and the total length measurements showed 
similar relationships with both wet and dry weight 
measurements (Fig. 3e; Fig. 3g). 

The R2 of the regression between the total length and the 
rachis length was close to 1, with a very strong correlation 
between these two length measurements (R2 = 0.98; Fig. 3f). 
The total length was also well correlated with the number of 
polyp leaves (R2 = 0.77; Fig. 3h), suggesting the latter as a 
measure for total length inference when colonies’ contraction 
level is not at the minimum (e.g., living colonies). The 
number of polyp leaves was strongly correlated with both 
wet and dry weight values (Fig. 3b; Fig. 3j), and with both 
rachis and total length measurements (Fig. 3h; Fig. 3i), 
proving to be a reliable proxy to estimate both length and 
weight in P. rubra colonies through ROV imaging, allowing 
to bypass the bias of colonies contraction and water content. 

IV. DISCUSSION 

With the progress in fishing gear technology, trawling 
has nowadays a heavy devastating mechanical impact on soft 
bottom habitats [16]. Aggregations of sea pens, as 
Funiculina quadrangularis (Pallas, 1766), and of 
alcyonaceans, as Isidella elongata (Esper, 1788), almost 
completely disappeared from most of the trawlable bottoms 
of the Mediterranean Sea [4, 16, 17, 18, 19], despite being 
very common in the past [20, 21]. For this reason, 
anthozoans forests and fields still present on soft bottoms are 
of primary importance for conservation purposes and worthy 
of urgent protection [3], representing true Vulnerable Marine 
Ecosystems [2, 22, 23]. This is true also for extensive 
populations of the Mediterranean endemic sea pen P. rubra, 
whose geographic and bathymetric distribution within the 
basin is still not yet exhaustively known. This species has 
been reported as vulnerable in the last update of the IUCN 
Red List [24], among the seventeen threatened coral species 
of the Mediterranean Sea. Considering that P. rubra 
populations develop on trawlable grounds, and that colonies 
show slow time of withdrawal and large surface of exposure 
[12], this species is considered highly threatened by 
destructive fishing practices. In fact, despite the trawling 
catch efficiency of P. rubra is low overall [13], incidental 
mortality can be very high due to physical damages such as 
dislodgement, fracture of the axial rod and soft tissue 
abrasion [13, 25, 26]. 

 The biometric measures on P. rubra revealed useful 
correlations among different portion of the colonies (e.g. 
rachis, total length, number of polyp leaves), as well as 
between size and biomass. In particular, both dry and wet 
weight showed the strongest correlation with the number of 
polyp leaves. This would allow the inference of P. rubra 
biomass from ROV imaging, considering that colonies 
observed in vivo are extended enough to allow the 
observation and the count of polyp leaves at least at one 
colony side [12] (Fig. 4). Moreover, the dry weight of 
sampled colonies could be inferred by the more rapid 
measurement of the wet weight thanks to the reliable 
correlation found here, applicable only on contracted 
colonies (e.g., after freezing). This would help to rapidly 

Fig. 2. Polyp leaves (black arrows), rachis, peduncle and 
total length in a colony of Pennatula rubra. 
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 Fig. 3. Biometric relationships of the sampled colonies of Pennatula rubra. 
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understand the dry biomass of a sea pen field (e.g., onboard a 
fishing vessel) without the need of drying procedures. 

Considering that the peduncle of living colonies is under 
the sediments and the rachis is the only visible portion (Fig. 
4), the total length can be estimated in vivo from the number 
of polyp leaves. Despite a very clear relationship between 
total length and rachis length was here confirmed, 
accordingly to what observed for other pennatulid species 
[9], rachis length in living colonies of P. rubra can vary due 
to the different water content, thus it is not recommended as 
a proxy for total length indirect measures by using ROV. For 
this reason, the number of polyp leaves resulted the preferred 
measure also for the estimation of colonies size from 
imaging data.  

The experimental trawl fishing projects mainly targeting 
the assessment of demersal resources [14] can provide useful 
information to identify sea pen fields [13]. However, despite 
trawling often being used in soft-bottom benthic community 
studies, nondestructive monitoring with visual techniques 
(e.g., ROV) is extensively recommended for the study of sea 
pen fields in order to support protection and management 
strategies. Once found reliable biometric correlations, the use 

of visual techniques would allow indirect and noninvasive 
measures to assess the population structure, and to monitor 
its dynamic through time without affecting the population 
studied.  

This study provides biometric tools for the future 
monitoring of the populations of P. rubra in the northwestern 
Mediterranean Sea, without the need of further sampling for 
biomass and size-frequency estimates aiming the study of 
population structure and dynamic. Future perspectives 
include the finding of similar correlations in other species of 
sea pens sampled for other purposes, as for the facies of 
Kophobelemnon stelliferum (Müller, 1776) found in the 
Ionian Sea [18]. On the contrary, this approach cannot be 
applied to rare species such as the endemic sea pen 
Crassophyllum thessalonicae Vafidis & Koukouras, 1991, 
only known from the Thermaikos Gulf (Greece) [27] and the 
wip-like sea pen Protoptilum carpenteri Kölliker, 1872, 
found only in two areas of the Mediterranean Sea [4, 28]. 
The identification of proper biometric relationships has been 
recently carried out for other sea pen species in eastern 
Canada [9], and is common for size–frequency distribution 
of other octocorals [29], as well as for other marine 
invertebrates [30]. Exponential length-weight relationship for 
P. rubra is in accordance with those found for the congeneric 
Pennatula aculeata Danielssen, 1860 and Pennatula grandis 
Ehrenberg, 1834 in the Canadian waters[9]. However, length 
and biomass can slightly vary within different populations of 
the same species, depending on environmental conditions 
and food availability, as observed for other sea pens in the 
North Atlantic [9]. For this reason, data from different 
populations of P. rubra within the Mediterranean Sea would 
help to refine the biometric relationships here found, in order 
to make them applicable on a basin scale and to highlight 
potential morphometric differences among populations. 
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