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Abstract 

Species inhabiting cold-water environments exhibit typically slower growth and a longer 

lifespan than warm-water species, implying a slowed ability to recover from natural and 

anthropogenic disturbances. Longevity estimates for species inhabiting the Arctic region are 

sparse, despite the ongoing changes and disturbances in the region.   

Brittle stars (Ophiuroidea) often dominate Arctic shelf epibenthic communities, impacting 

biogeochemical fluxes and sediment structure. Assessing their resilience to disturbances relies 

on estimates of their longevity.  However, only a handful of studies on brittle star age are 

available, including three on Arctic species.  

In this study, I showed that growth bands similar to those seen in the arm bones of other 

brittle star species were also present in O. borealis specimens from North East Greenland and 

the Barents Sea. By counting the growth bands using scanning electron microscopy (SEM) 

and correcting the count for overgrown bands, ages could be estimated in 80 individuals as 

growth bands are likely formed annually. The maximum age estimated was 39 years, which is 

the first longevity estimate to be presented for O. borealis. 

The Specialized von Bertalanffy, the Gompertz and the Single Logistic growth functions were 

applied to the age data to construct growth curves. The growth constants estimated by each 

model indicated the growth of O. borealis to be similar to that of other polar brittle stars.  

These results contribute to information on the longevity of an Arctic benthic invertebrate – 

which can be applied when estimating impacts of disturbances on the species and, 

consequently, the Arctic benthic ecosystem.  
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1 Introduction 

The Arctic encompasses the northernmost habitats of the Earth, where both terrestrial and 

marine organisms have adapted to extreme conditions and strong seasonality. The Arctic 

seafloor was once considered a “poor” habitat with populations exhibiting low productivity 

and diversity, however, this notion has been disproven in the last decades (Piepenburg, 2005). 

Despite research highlighting the major role the Arctic benthic fauna play in ecosystem 

processes, this role is far from being fully understood (Piepenburg, 2005). It is no secret 

either, that the Arctic marine ecosystem is undergoing rapid changes due to climate change 

and anthropogenic stressors (Intergovernmental Panel on Climate Change (IPCC), 2022; 

Ivanova et al., 2020), with no exception for the benthos (Grebmeier et al., 2006; Kortsch et 

al., 2012). Studies point to both ongoing and future changes in the Arctic benthic community 

structure, biogeography and ecosystem functioning (Al-Habahbeh et al., 2020; Frainer et al., 

2017; Kortsch et al., 2012; Morata et al., 2020). Information on how resilient, or vulnerable, 

benthic species are to different stressors and disturbances is needed in order to facilitate a 

sustainable management of the Arctic region.  

Longevity and growth rates have been connected to the vulnerability of a species, with slow-

growing marine invertebrates may needing decades to recover from disturbances (Neves et 

al., 2015). Slow growth and high longevity on the order of decades being typical for 

organisms in high-latitude and cold-water environments (Bluhm et al., 1998; Ravelo et al., 

2017). It is not unexpected then, that differences in recovery rates have been observed across 

latitudes (Al-Habahbeh et al., 2020), and it could indicate an increased vulnerability in polar 

organisms.  

With more than 2000 species described worldwide, brittle stars (Ophiuroidea) make up the 

largest living group of echinoderms (Stöhr et al., 2012). These epibenthic organisms are 

found in all marine environments, often hidden in the upper sediment layers of the seafloor 

and in various crevices, with some species being epizoic (Stöhr et al., 2012).  

Brittle stars play important roles in the ecosystem. Apart from being prey to many crab- and 

fish species (Burukovsky et al., 2021; Freire & González-Gurriarán, 1995; Hinz et al., 2005; 

Hüssy et al., 2016; Rowe & Smith, 2022), as well as to other echinoderms (Drolet et al., 2004; 

Gaymer et al., 2004), brittle stars can affect their environment considerably. They are known 

to aggregate (Broom, 1975; Calero et al., 2018; Fujita & Ohta, 1989) and in extreme cases 
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can cover the seabed with more than 7000 individuals per square meter (Davoult & Migné, 

2001). Previous studies have found that aggregations of brittle stars can affect biogeochemical 

fluxes (Davoult m.fl., 2009; Wood m.fl., 2009) and sediment structure- and oxygen supply 

(Broach m.fl., 2016; Murat m.fl., 2016; Vopel, 2003). This arguably make brittle stars fit the 

description of ecosystem engineers (Jones m.fl., 1994). Studies have also indicated 

suspension feeding brittle star species to play an important role in nutrient cycling and 

benthic-pelagic coupling (Dauvin et al., 2013; Geraldi et al., 2016).  

There are relatively few species of brittle stars in the Arctic compared to other regions where 

the number of species are in the hundreds (Stöhr et al., 2012). In the comprehensive review on 

global diversity of brittle stars, Stöhr et al. (2012) reported that there are 73 brittle star species 

in the Arctic (defined as above 60°N in the review). Brittle stars are, however, described as 

one of the dominating groups in epibenthic communities on the Arctic shelves in terms of 

both biomass and abundance (Piepenburg et al., 1997; Piepenburg & Schmid, 1996; Ravelo et 

al., 2014, 2017). For example, Piepenburg & Schmid (1996) have reported median 

abundances of up to 524 individuals per square meter in study areas in the Barents Sea, while 

Ravelo et al. (2014) found that ophiuroids accounted for up to 71% of the average abundance 

of epibenthos in the Chukchi Sea.  

Ophiopleura borealis (Danielssen & Koren, 1877) (Fig. 1) is an endemic brittle star species 

common in the Arctic (Piepenburg & Schmid, 1996; Udalov et al., 2018; Yunda-Guarin et al., 

2022; Zhulay et al., 2019), where the bathymetric distribution range of the species is from 40 

m to 1400 m (Piepenburg, 2000). While little is known about its life history, O. borealis has 

been described as a large-bodied (disc diameter > 4 cm) scavenger and deposit feeder 

(Gallagher et al., 1998; Piepenburg & von Juterzenka, 1994). Several reproduction modes 

have been observed in ophiuroids including broadcast spawning and brooding (Stöhr et al., 

2012), however it has been suggested that O. borealis has a pelagic stage as an ophiopluteus 

larva due to its small eggs (Piepenburg & von Juterzenka, 1994).  
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Figure 1. Ophiopleura borealis caught off the Svalbard coast. 

 

Out of the handful of studies on brittle star age conducted so far (Dahm, 1993; Gage, 1990b, 

2003; Orino et al., 2019), three have focused on brittle star ages in the Arctic (Ravelo et al., 

2017; Stratanenko, 2021; Stratanenko & Denisenko, 2020), yielding maximum age estimates 

from eight to 27 years. 

In seasonal systems such as the Arctic, growth patterns have been observed in the skeletal 

elements of echinoderms which have been utilized to obtain age estimations (Brey et al., 

1995; Gage, 1992; Sun et al., 2019). The brittle star skeleton consists of a magnesium-calcite 

meshwork called stereom (Stöhr et al., 2012), resulting in hard structures constituting an exo- 

and endoskeleton. The endoskeleton includes the arm bones which are called the vertebrae. 

Similar to a backbone, the vertebrae consist of “stacked” discs referred to as ossicles (Fig. 2) 

in which growth patterns have been observed  and connected to changes in growth rate over 

time (Gorzula, 1977; Orino et al., 2019; Ravelo et al., 2017). The further away an ossicle is 

positioned from the disc, the younger it is (Stöhr et al., 2012), especially if the arm in question 

have been broken and regenerated. The study of growth patterns in ossicles and other hard 

structures in organisms have, however, been in practice for a long time. Stemming from 

dendrochronology, sclerochronology refers to the study of physical and chemical variations in 
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the hard structures of an organism (Oschmann, 2009). The term was originally applied in 

research on age and growth rates in corals in the 1970’s (Buddemeier et al., 1974; Hudson et 

al., 1976), but the idea of obtaining information on an organism from its hard structures can 

be traced back centuries (Leeuwenhoek, 1685; Pulteney, 1781; Whitfield, 1898). Today, 

sclerochronological methods are often paired with different chemical analyses (Peharda et al., 

2022) and are utilized in a wide array of fields such as paleontology, archaeology and ecology 

in order to learn about organisms life histories, reconstruct past climate and more (Abdelhady 

et al., 2024; Andrus et al., 2024; Roman Gonzalez, 2021).  

 

Figure 2. Skeletal morphology of a brittle star vertebrae, shown on Amphiura chaijei. (A) aboral disc side, (B) 
segmented arm exterior, (C) distal side of ossicle (i.e. facing away from the disc), (D) proximal side of ossicle (i.e. 
facing towards the disc). Image modified from Stöhr et al (2012). 

 

In this study, ages of O. borealis specimens from Greenland and the Barents Sea are inferred, 

in order to provide much needed information on growth and longevity for this common 

species inhabiting the Arctic seafloor. This study provides the first age estimates for O. 

borealis and information on the longevity of an Arctic benthic invertebrate – which can be 

applied when anticipating the effects of disturbances on the species and, consequently, the 

Arctic benthic ecosystem. 
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2 Objectives and hypotheses 

The main objective for this study is to provide age- and growth data on the Ophiopleura 

borealis specimens collected in the Arctic. In addition to this the following hypotheses will be 

tested:  

1) Growth bands similar to those described in previous studies will be visible on the vertebrae 

ossicle surfaces. 

2) O. borealis exhibits slower growth compared to brittle star species from lower latitudes. 

3) The maximum age of the O. borealis specimens will exceed known ages for brittle stars 

from lower latitudes. 

 

3 Methods 

3.1 Collection of brittle stars 

The majority of specimens of Ophiopleura borealis were collected from northern the Barents 

Sea (figure 1) in November 2017 onboard R/V Helmer Hanssen as part of the Arctic PRIZE 

project (Arctic PRIZE — Scottish Association for Marine Science, Oban UK), and in August 

2018 onboard R/V Kronprins Haakon as part of the Nansen Legacy Project (Ingvaldsen et al., 

2020).  

In 2017, specimens were collected at 167 m depth at station B4, 77.46183°N 27.629693°E 

(Fig. 3), using a 2 m beam trawl with a mesh size of 25 mm and 4 mm in the cod-end. The 

trawl was towed at a speed of 1.5 knots for 3 minutes on the seafloor. The catch was then 

subsampled, sorted by taxa, and identified down to the lowest taxonomic level possible using 

a photographic guide to the Barents Sea trawl fauna provided by Lis Jørgensen at the Institute 

of Marine Research onboard. Specimens of Ophiopleura borealis were then frozen in plastic 

bags at -20 ℃.  

In 2018 additional specimens were collected using a Campelen 1800 trawl with 8 mm mesh 

size in the cod-end, at 284 m depth (station P3/NLEG07, 78.8231°N 34.2506°E, Fig. 3). The 
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trawl was deployed for 15 minutes on the seafloor at 3 knots and the catch was processed as 

described above. 

Due to few small specimens being available from the Barents Sea collection, these were 

supplemented with specimens from a collection from the Northeast Greenland shelf. In 

August 2022, specimens of O. borealis were collected off the coast of Northeast Greenland 

(Fig. 3) onboard R/V Kronprins Haakon as part of the TUNU programme (TUNU - 

Biodiversity and Ecology of NE Greenland biota). The same Campelen trawl 1800 used in the 

Barents Sea was deployed at 447 m depth (Besselfjord C station 5, 75.977°N 20.313°W) for 

10 minutes at 3 knots. The latitude was close to that from station B4 in the Barents Sea. 

 

Figure 3. Sampling sites in the Barents Sea stations B4 and P3, and in North East Greenland station 5 
("Besselfjord C Stations 5" in figure). 

 

3.2 Body measurements and preparation of ossicles 

A total of 142 specimens of O. borealis were picked out from the Barents Sea samples so that 

all disc sizes would be represented. Since few small specimens were found, an additional 36 

individuals were later picked from the North East Greenland sample. 

The frozen specimens were thawed in a sealed container in a 60℃-water bath for 10-20 

minutes, depending on the size of the specimens. Following 10 minutes of drying on paper 

towels, specimens were assigned individual numbers before being photographed aboral side 
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up (Fig. 4a) using a Sony A7 III digital camera. Photographs were taken on top of a mat 

marked with 1x1 cm squares and included a graph paper with 0.5x0.5 cm squares as well. The 

known distances were later used for the calibration of mm in the digital images.  

For each specimen, the disc diameter (DD) was measured up to three times from the base of 

one arm to the opposite disc edge (Fig. 4b), to obtain a mean DD. Due do disc damage in five 

specimens, the mean DD in four of the specimens was calculated from less disc 

measurements, while the disc was too damaged in one specimen to measure at all. The latter 

specimen was therefore excluded from the DD dataset.  

Based on the smallest and largest DDs recorded for the Barents Sea specimens, individuals 

were divided into 7 size groups (0.5-1 cm, 1-1.5 cm, 1.5-2 cm, 2-2.5 cm, 2.5-3 cm, 3-3.5 cm, 

3.5-4 cm and >4 cm) to ensure a near-homogeneous representation of differently sized brittle 

stars in the final data.  

 

Figure 4. (A) showing how individuals of Ophiopleura borealis were photographed. (B) illustration how disc 
diameter was measured in ImageJ software. 

Except for individuals 1-9, the disc of each brittle star was weighed after the arms had been 

cut off by the disc edge. For disc- and arm weights above 2 g, a 0.1 g resolution scale was 

used. For discs weighing below 2 g, a 0.00001 g resolution analytical scale was used.  

Individuals were then dissected to remove the ossicle closest to the jaws in each arm (Fig. 5). 

The remaining tissue was removed following a procedure described by Ravelo et al. (2017): 

ossicles were submerged in 4-16% sodium hypochlorite in vials, which were then placed in a 

60℃-water bath for 10-20 minutes. Vials containing the smallest ossicles, approximately less 

than 1.5 mm wide, were excluded from the water bath and only subjected to room 
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temperature. The ossicles were then washed three times in MilliQ water. A final wash with 

70% ethanol was added to the procedure, as described by Dahm (1993) and Orino et al. 

(2019), before drying the ossicles on paper towels.  

 

Figure 5. Collage of the dissection of Ophiopleura borealis individual 3. (A) showing the full body mid-process with 
oral side up. (B) showing the ossicle (between the two white lines) nearest to the jawbone. (C) showing five 
ossicles before tissue removal. 

 

3.3 Image acquisition with Scanning Electron Microscopy 

Ossicles were mounted on aluminum pin stubs (12.7 mm diameter) from the company Micro 

to Nano using conductive carbon tape, and sputter coated in gold for 2x15 second cycles in a 

JEOL JFC-1300 auto fine coater. Whether the ossicles were mounted with the proximal or 

distal surface visible was not taken into consideration. The first few ossicles were coated for 

1-3x15 second cycles in order to establish how much coating was needed for the ossicles’ 

features to be clearly visible in the Scanning Electron Microscope (SEM). The SEM used was 

a JEOL NeoScope JCM-7000, in which the diameter of each ossicle was measured 

horizontally at its widest point (Fig. 6). In the SEM, each ossicle was photographed three 

times: one photo showing the whole ossicle and two photos showing only the upper left and 

right fossae (Fig. 6).  
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Figure 6. SEM image of an ossicle. (A) the vertical green lines show the distance between the widest points of the 
ossicle. (B) the areas of the upper fossae are shown above the horizontal green line, as well as the ossicle 

midpoint and the articulating area outlined in yellow. 

 

Ossicles from 85 individuals were photographed in the SEM to acquire images from about 10 

individuals per size group. A larger sample size was not possible in the available time frame. 

In groups 0.5-1 cm and >4 cm, less than 10 individuals were available, however. Individuals 

were chosen in no particular order, but those with at least three intact ossicles available were 

favoured. Ossicles from a few extra individuals were photographed in each size group when 

available, in case images from any individual turned out to be unfit for image analysis. 

Images were deemed unfit if damage, remaining tissue or low focus in images rendered the 

ossicle growth bands unreadable. 

In the SEM images, areas of the ossicles were at times obscured by charging artefacts (Fig. 7), 

likely due to the gold coating not covering the ossicles properly. This was resolved by 

lowering the accelerating voltage in the SEM from 15 to 5 kV. In some images however, a 

small amount of white noise was accepted provided it did not obscure the upper fossae. 
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Figure 7. Example of charging artefacts (the white horizontal line) obscuring part of an Ophiopleura borealis 
ossicle in an SEM image at 15 kV. 

 

3.4 Image analysis 

SEM images of ossicles from 80 individual brittle stars were analyzed in ImageJ (Schneider 

et al., 2012). Five individuals were excluded due to low visibility of growth bands. The aim 

was to analyze three ossicles per individual, however in some individuals only one or two 

ossicles were analyzed. Ossicles would sometimes get lost or damaged during dissection. 

Generally, the smaller an individual was, the more fragile the ossicles were.  

3.4.1 Recording growth bands 

Growth bands were recorded on the upper left and right fossa in ossicles by marking and 

numbering each band in ImageJ. A growth band consisted of two adjacent streaks of different 

stereom densities, often visible as dark and light streaks alternating on the fossa surface 

(Ravelo et al., 2017), sometimes with ridges associated  (Dahm, 1993; Gage, 1990, 2003; 

Orino et al., 2019). The density changes were assumed to correspond to variation in growth 

over seasons, as seen and validated in sclerochronological studies of other echinoderms from 

areas with expressed seasons (Brey et al., 1995; Gage, 1992; Sun et al., 2019). This makes it 

very likely that one growth band corresponds to one year of growth in the present study. 
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3.4.2 Age correction 

The articulating middle part of ossicles is known to expand as the animal grows, obscuring 

the inner bands of the fossae (Dahm & Brey, 1998). To correct for growth bands covered by 

this overgrowth, a procedure similar to that used by Ravelo et al (2017) was applied as 

follows: the distance from the ossicle midpoint (MP) to the outer edge of the first visible band 

(VB1) was measured (Fig. 8) in a given ossicle in as close to a ±45° angle as possible. This 

distance would indicate the number of bands hidden by the overgrowth, once a baseline of 

distances corresponding to a known number of bands was established. The baseline was 

constructed by measuring the distance from the MP of a given ossicle to the outer edge of 

each visibled band (VB) in individuals with the clearest bands (Fig. 8). The largest mean 

distance of MP to VB1 in the analyzed ossicles was 2.58 mm, which meant that the baseline 

needed to include bands with a distance to the MP under 2.58 mm.  

 

Figure 8. SEM-image showing green lines in approximate -45° angles measures the distance from ossicle 
midpoint to the outer edge of each visible growthband (VB2, VB3, VB4 and so on). Note that VB9 does not have a 
marked outer edge, which is why an MP-VB9 distance could not be measured. Distance to VB1 was measured in 
another image. 
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The individuals in the smallest size group (0.5-1 cm) were assumed to have no or minimal 

overgrowth such that no growth bands were obscured. The distance between MP and each 

growth band was measured in these individuals, arriving at mean MP- to- band distances for 

up to six growth bands. These distances would constitute baseline intervals for the first six 

bands (B1-B6), of which some or all would be overgrown in larger individuals. This was 

repeated using successivley larger individuals until mean distances from MP- to- bands up to 

2.58 mm had been established. 

A correction factor could then be applied to any ossicles where the MP-VB1 distance 

exceeded the values for the first band interval established by the baseline measurements. For 

example, the mean distances between MP-B3 and MP-B4 measured 0.72 mm and 0.78 mm 

respectively on the baseline. This meant that in an ossicle with a MP-VB1 distance of 0.75 

mm, four bands would be hidden by overgrowth (Fig. 9). The number of hidden bands in a 

given individual would then be added to the initial count of visible bands. The final sum was 

assumed to correspond to the number of years and is referred to as the corrected age of the 

individual. 

 

 

Figure 9. Schematic example showing obscured growth bands in a brittle star ossicle. The shaded area 
represents the articulating area, or overgrowth, on one of the ossicle fossae. VB1 is the first visible band in this 
example ossicle. The baseline measurements established the distance of the first growth bands from the ossicle 
midpoint (MP), such that the MP-VB1 distance in any given ossicle could be corrected for by the number of 
obscured bands. Here, VB1 is within the baseline interval corresponding to B5, meaning that 4 bands are 
assumed to be hidden. The number of hidden bands would then be added to the number of visible bands, and the 
total number of bands interpreted as age in years. 
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The number of hidden bands in a given individual would then be added to the initial count of 

visible bands. The final sum was assumed to correspond to number of years,  as is referred to 

as the corrected age of the individual. 

 

3.5 Data analysis 

Apart from mean values which were calculated in Microsoft Excel, all data analysis and 

plotting was conducted using the statistical software R (R Core Team, 2023) with R-packages 

ggpmisc (Aphalo, 2023), ggplot2 (Wickham, 2016), ggOceanMaps (Vihtakari, 2024), ggpubr 

(Kassambara, 2023), minpack.lm (Elzhov et al., 2023), magrittr (Milton Bache & Wickham, 

2022), basemap (Schwalb-Willmann, 2024), dplyr (Wickham et al., 2023) and cowplot 

(Wilke, 2024). Distribution plots were constructed for DD, VB count and corrected ages. 

Scatterplots were constructed for size, band count and corrected age. The Single Logistic, 

Gompertz- and specialized von Bertalanffy growth functions, as given by Brey (2008), were 

applied to DD and corrected age data. The model parameters are given in Table 1, for which 

starting values were required.  

Table 1. Names, equations and parameters of the growth functions applied to DD and corrected age data. 

Function 

name 

Equation St S∞ to t* K 

Specialized 

van 

Bertalanffy 

𝑆𝑡 = 𝑆∞(1 −

𝑒−𝐾
−𝐾(𝑡−𝑡0))

) 

Size in 

cm DD 

at age t 

Asymptotic 

size in cm 

DD 

Age in 

years at 

which size 

S is zero 

 Growth 

constan

t per 

year 

Gompertz 𝑆𝑡 = 𝑆∞ × 𝑒−𝑒−𝐾(𝑡−𝑡∗)
  Age in 

years at 

the 

inflection 

point of 

the curve 

Single 

Logistic 

𝑆𝑡

= 𝑆∞ ÷ (1 + 𝑒−𝐾(𝑡−𝑡∗) 
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The starting values were obtained by calculating a linear equation (𝑦 = 𝑎 + 𝑏𝑥) for the DD 

and corrected age data. The value for b was used as starting value for parameter K, while 

starting value for t0 was obtained by solving the linear equation for when y was 0. The output 

from each growth model was used to plot the corresponding growth curve, and RSS and R2 

values were calculated to compare goodness-of-fit. 

 

4 Results 

4.1 Visualization of age bands 

The alternating dark and light streaks giving rise to the pattern of growth bands (Fig. 10) were 

caused by changes in stereom density and elevated ridges (Fig. 10) on the fossa surface.  

 

Figure 10. Changes in stereom density causing a pattern on the right upper fossa, yellow lines marking some of 

the visible growth bands. 

 



 

Page 15 of 46 

 

Figure 11. Collage showing ossicle fossa details of A) elevated ridges and B) changes in stereom density. 

 

Except for a few ossicles with abnormal-looking stereom growth (probably due to previous 

injuries or malformation), growth bands were observed in all the examined ossicles regardless 

of which side was photographed. While band width was not measured, it was clear that it 

varied within a given ossicle. 

Areas with denser stereom were generally brighter than those less dense, while ridges were 

brighter on the side facing the electron beam (Fig. 11). Areas with ridges and density changes 

often coincided, however this was hard to confirm due to the ossicles being photographed 

from only one angle: a difference in stereom density might not be discernable if the denser 

area is at a higher elevation (i.e. closer to the lens) caused by a ridge. 

Two adjacent streaks of light and dark constituted one growth band, allowing individual 

bands to be marked and numbered on the right and left upper fossae in ImageJ (Fig. 12). Prior 

to numbering, the bands were inspected to ensure that a ridge and/or a density change was 

present.  
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Figure 12. SEM-image showing A) the upper right fossa and B) the same image after marking and numbering 
visible growth bands. 

 

In some instances, the articulation on the proximal side of ossicles had been damaged in a 

way such that the fossa surface was visible underneath (Fig. 13). This revealed faintly 

discernable continuation of growth bands. 
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Figure 13. Collage of three ossicles where a part of the articulating stereom had been damaged to reveal the 
fossa surface underneath. Yellow outlines marks where the articulation edge were believed to have been 
originally. 
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4.2 Age correction baseline 

The established baseline for overgrown growth bands could correct for between 1-20 hidden 

bands, within a 0.59-2.28 mm distance from MP to VB1. The full baseline is presented below 

(Table 2) and was constructed using the MP-VB distances in 12 individuals. 

Table 2. The baseline measurements used to determine how many growth bands were likely overgrown and had 
to be added the total band count of an individual. The mean MP-VB1 measurement in a given individual would fall 
into an interval given in the baseline, and the corresponding number of estimated hidden bands were added to 
the number of visible bands. In this way, a total band count was achieved and inferred to reflect age in years. 

 

Interval in mm N.o. hidden 

bands 

< 0.59 0 
0.59 ≤≥ 0.64 1 
0.64 < > 0.72 2 
0.72 ≤≥ 0.78 3 
0.78 < > 0.83 4 
0.83 ≤≥ 0.88 5 
0.88 < > 1.04 6 
1.04 ≤≥ 1.15 7 
1.15 < > 1.26 8 
1.26 ≤≥ 1.35 9 
1.35 < > 1.40 10 
1.40 ≤≥ 1.47 11 
1.47 < > 1.54 12 
1.54 ≤≥ 1.56 13 
1.56 < > 1.72 14 
1.72 ≤≥ 1.78 15 
1.78 < > 1.92 16 
1.92 ≤≥ 2.03 17 
2.03 < > 2.14 18 
2.14 ≤≥ 2.21 19 
2.21 < > 2.28 20 

 

 

4.3 Size, weight and band count distribution 

In the 177 individuals from the original Barents Sea and Greenland samples, DDs ranged 

from 0.75 cm to 4.26 cm, with an overall mean of 2.50 cm. Close to a third of all individuals 

had a DD between 2.75-3.50 cm, while those measuring over 4 cm or under 1.50 cm were 

sparse among the Barents Sea individuals.  

In the 80 individuals used for age analysis, the mean DD was 2.40 cm. The most common DD 

in the analyzed individuals was between 2.75-3.25 cm, with 33% of  the analyzed individuals 

having a DD between 2.75-3.50 cm.  
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The distribution of DD measurements in all individuals and those analyzed both appear 

bimodal, with 2.75-3.50 cm DD constituting the largest mode. The smaller mode is visible in 

both distributions for DD measurements below 1.75 cm (Fig. 14). 

 

Figure 14. Histograms showing the distribution of mean disc diameter in all individuals of Ophiopleura borealis 

measured, and in the individuals from which ossicles were used in age analysis. 

 

The blotted wet weight of the discs in 169 out of the 177 individuals ranged from 0.05-6.2 g, 

with a mean weight of 1.98 g. Disc weights were not obtained from the first eight individuals 

processed, although seven of them were still included in the age analysis. Out of the 80 

analyzed individuals, blotted wet weight were obtained for 73. The weight range was between 

0.05-6.2 g, with a mean disc weight of 1.87 g. The plotted distribution of disc weights (Fig. 

15) show that in both all individuals and those analyzed, weights at the lower end of the x-

axis was more common, with only one individual having the maximum weight.  
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Figure 15. Histograms showing the distribution of disc weight in all individuals of Ophiopleura borealis measured, 

and in the individuals used for age analyis. 

 

The number of visible growth bands ranged from 1 to 23, with a mean band count of 11. After 

age correction, brittle stars ranged from 1 to 39 years of age. The mean was 21 years. The 

distribution of growth band count (Fig. 16) show two modes: almost 20% of the individuals 

are in the first mode, defined by having 1-4 bands, and half of the individuals make up the 

second, larger, mode with 9-16 bands. In the histogram of corrected ages (Fig. 16) the 

distribution appear to have three modes. The first, smallest, mode is constituted by 3-8 year 

old individuals, followed by the second mode of 13-22 year olds which is about a third of the 

individuals. 40% of the individuals are in the largest and third mode, with ages between 25-32 

years.  
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Figure 16. Histograms showing the distribution of mean number of visible growth bands per individual 
Ophiopleura borealis, and the age distribution following age correction. 

 

The relationship between DD and the number of growth bands and ages were shown to be 

near-linear in scatterplots (Fig. 17), as the band count and age increase along with body size. 
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Figure 17. Scatterplots of the disc diameter and mean band count as well as the corrected ages in indviduals. 

. 

The linear equation calculated for the age and DD data was 𝑦 = 0.613 + 0.0858𝑥, meaning 

that the line had a slope of 0.0858 and intercepted the y-axis when 𝑦 = 0.613. When 𝑦 = 0,  

x was calculated as -8.15.  

 

4.4 Growth models 

The starting values for the model parameters were obtained from the linear equation 

calculated for DD and age. Starting value for parameter K (the growth constant) and to (age 

when size is 0) were 0.0858 and -8.15 respectively. 𝑆∞ (asymptotic size) was given as the 

largest DD measured which was 4.26 cm. The starting value for t* (age at inflection point) 

was 14 in the Gompertz model and 10 in the Single Logistic model. These were the same 

values the same as Ravelo et al. (2017) reported for Ophiura sarsii and Ophiocten sericeum, 

respectively, using the Gompertz model. The starting values are given in Table 3, together 

with the parameter output by each model and the corresponding RSS and R2 values. 
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Table 3. Starting values used the first time running the models, and the values output from the models used for 
fitting and plotting the growth curves. RSS and R2 are also given for each function. Standard errors are given in 
parentheses. 

Parameter K  to t*  𝑆∞ 𝑅2 𝑅𝑆𝑆 

Starting values 0.0858 -8.15 14 4.26    

Specialized von 

Bertalanffy 

0.01 (0.009) -5.54 

(2.06) 

 10.80 (7.30) 0.90 6.41 

Gompertz -0.05 (0.01)  12.96 (2.72) 4.92 (0.63) 0.90 6.21 

Single Logistic 0.09 (0.011)  15.89 (1.84) 4.14 (0.30) 0.90 6.09 

 

The asymptotic size estimated by the Specialized von Bertalanffy function was more than 

twice those given by the Gompertz and Single Logistic function, however it also had a 

markedly larger standard error. The Gompertz function estimated the lowest growth constant 

which also had the lowest standard error compared to the other growth constants. The age at 

the inflection point of the curve is estimated to be around 13 and 16 years according to the 

Gompertz and Single Logistic models respectively. All functions had an R2 value of 0.90, 

while RSS values were 6.41 for Specialized von Bertalanffy, 6.21 for Gompertz and 6.09 for 

the Single Logistic. 

The growth curves, constructed using the estimated parameters by corresponding function, are 

presented in Fig 18.  
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Figure 18. Fitted growth curves for the Specialized von Bertalanffy, Gompertz and Single Logistic functions, using 
the corresponding parameter outputs in Table 3. 
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5 Discussion 

Growth bands were present in the ossicles of Ophiopleura borealis from both the Barents Sea 

and the Nort East Greenland samples, and were consistent with growth bands described in 

other brittle stars. This is in accordance with the first hypothesis: 

1) Growth bands similar to those described in previous studies will be visible on the 

vertebrae ossicle surfaces. 

Comparison of the disc diameter to the mean number of visible growth bands in individuals, a 

concurrent increase in both measurements was apparent (Fig. 17). This clearly indicate that 

larger, and thus older, individuals have more growth bands than smaller individuals. This 

relation could still be seen after age correction (Fig. 17). In both cases, however, there was a 

higher variability in the ages of individuals with a disc diameter over 2.5 cm. I believe this is 

due to the growth bands becoming thinner closer to the fossae edges, and harder to discern 

from each other in older individuals, which was evident during the analyses of SEM-images. 

This apparent decrease in width of the outer bands could reflect a decrease in growth rate as 

the brittle star grows older. 

A maximum age of 39 years was inferred for O. borealis, and three growth models 

constructed, thus fulfilling the two main objectives of this study. In the following sections 

(5.1 and 5.2), I will discuss the second and third hypotheses: 

 2) O. borealis exhibits slower growth compared to brittle star species from lower latitudes. 

3) The maximum age of the O. borealis specimens will exceed known ages for brittle stars 

from lower latitudes.  
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5.1 Longevity estimates in Ophiopleura borealis, other polar, 
temperate and subtropical brittle stars 

Longevity estimates vary among brittle star species (Table 4). When comparing the maximum 

ages, it should be noted that the methods applied vary (Gorzula, 1977; Medeiros-Bergen & 

Ebert, 1995). They can differ in which skeletal parts have been analyzed for ageing, which 

growth functions have been used, or whether age correction have been applied. Yet, the 

subsequent comparison suggests a relationship with the climatic zones of geographic 

distribution. As no reported ages were found for brittle stars in the tropic, the studies in Table 

4 only give the highest age estimates for a given species sampled within the Arctic, temperate, 

subtropical, or Antarctic regions. 

The maximum age (39 years) of O. borealis exceed the estimates for all other studies 

presenting the highest maximum ages in brittle stars from the Arctic: Ophiacanta bidentata 

(15 years) (Stratanenko, 2021), Stegophiura nodosa (10 years) (Stratanenko & Denisenko, 

2020), and Ophiocten sericeum (20 years) (Ravelo et al., 2017), and Ophiura sarsii (27 years) 

(Ravelo et al., 2017). Moreover, it is almost twice the maximum age estimates reported in 

brittle stars from temperate regions, which is 20 years in Amphiura filiformis and Ophiomusa 

lymani (Ophiomusium lymani in article) sampled from the west coast of Scotland and Ireland 

respectively (Gage, 1990; O’Connor et al., 1983). The highest estimates made for subtropical 

brittle stars belong to Ophionereis annulata and Ophioplocus esmarki. However, this study 

only estimated the age at which the two species are believed to reach 50% of their largest size, 

which is between nine to 11 years old (Medeiros-Bergen & Ebert, 1995). It is unlikely that the 

two species would be older than O. borealis at their largest size, as it takes around 20 years 

for O. borealis to reach half of its maximum size (Figs. 17, 18) which point to a slower 

growth rate than that of Ophionereis annulata and Ophioplocus esmarki. Only brittle star 

estimates from the Antarctic exceed the maximum age of O. borealis: Dahm (1996, 

referenced in Quiroga & Sellanes, 2009) reported maximum ages in four brittle star species 

from the Antarctic Weddell Sea: 19, 22, 25 and 33 years in Ophioplocus incipiens 

(Ophioceres incipiens in article), Ophionotus victoriae, Ophioplinthus brevirima 

(Ophiurolepis brevirima in article) and Ophioplinthus gelida (Ophiurolepis gelida in article), 

respectively. 

In accordance with the third hypothesis, the maximum age estimates found in brittle stars 

from temperate regions were all lower than that for O. borealis.  
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Regarding the non-existent age estimates in brittle stars from the tropics, the lack of 

seasonality in the region makes it unlikely that the brittle stars would show any pronounced 

growth marks. However, sampling in tropical regions would be needed to confirm this. 

Table 4. Summary of the maximum ages observed or estimated for brittle star species in different climatic zones 
(Arctic in blue text, temperate in green, subtropical in yellow and Antarctic in black), including the growth constant 
from if any growth models were applied in the study. 

 

Region Species Age 

(years) 

Growth constantmodel Source 

Barents Sea and 

North East 

Greenland 

Ophiopleura 

borealis 

39 years 0.01Specialized von Bertalanffy 

-0.05Gompertz 

0.09Single Logistic 

This study. 

Chukchi sea Ophiura sarsii 27 years 0.077Gompertz 

0.030Specialized von Bertalanffy 

(Ravelo et al., 

2017) 

Beaufort Sea Ophiocten sericeum 20 years 0.085Gompertz 

0.065Specialized von Bertalanffy 

(Ravelo et al., 

2017) 

Vilkitsky strait, 

Severnaya Zemlya 

Ophiacantha 

bidentata 

10-15 

years 

0.03von Bertalanffy (Stratanenko, 2021) 

Pechora Sea Stegophiura nodosa 9-10 

years 

0.09von Bertalanffy (Stratanenko & 

Denisenko, 2020) 

Chilean Sea Stegophiura sp. 15 years 0.078von Bertalanffy 

0.095von Bertalanffy (near a 

cold-seep) 

(Quiroga & 

Sellanes, 2009) 

Firth of Lorne, 

South East of 

Scotland  

Ophiothrix fragilis 9 years 0.179von Bertalanffy (Gage, 1990a) 

West Coast of 

Ireland 

Amphiura filiformis ≥20 years NA (O’Connor et al., 

1983) 



 

Page 28 of 46 

West Coast of 

Ireland 

Amphiura chiajei ≥10 years  NA (Munday & 

Keegan, 1992)  

German Bight Ophiura ophiura 9 years 0.084von Bertalanffy (Dahm, 1993) 

German Bight Ophiura albida 9 years 0.229von Bertalanffy (Dahm, 1993) 

Funka Bay, South 

East of Hokkaido 

Ophiura sarsii 

(Ophiura sarsii 

sarsii in article) 

17 years 0.23Gompertz 

0.13von Bertalanffy 

0.32Logistic 

0.067Richard 

(Orino et al., 2019) 

North West of 

Scotland and 

South West of 

Ireland  

Ophiocten hastatum 10 years 0.20Gompertz 

0.63Richard 

(Gage et al., 2004) 

Rockall Trough, 

North West of 

Scotland 

Ophiocten gracilis 7 years 0.26Gompertz 

0.06von Bertalanffy 

(Gage, 2003) 

Rockall Trough, 

North West of 

Scotland 

Ophiura ljungmani 10 years 0.51Gompertz 

0.27van Bertalanffy 

(Gage, 1990a) 

Rockall Trough, 

North West of 

Scotland 

Ophiomusa lymani 

(Ophiomusium 

lymani in article) 

20 years 0.56Gompertz 

0.36von Bertalanffy 

(Gage, 1990a) 

South West Coast 

of New Zealand 

Astrobrachion 

constrictum  

8 years NA (Stewart & 

Mladenov, 1997) 

Firth of Clyde, 

West Coast of 

Scotland 

Ophiocomina nigra 12-14 

years 

NA (Gorzula, 1977) 

South East Coast 

of Brazil  

Ophionereis 

reticulata 

6 years 0.07von Bertalanffy, seasonally 

oscillating 

(Yokoyama & 

Amaral, 2011) 
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False Point, San 

Diego Coast 

Ophionereis 

annulata 

>9-11 

years  

0.075Brody-Bertalanffy (Medeiros-Bergen 

& Ebert, 1995) 

False Point, San 

Diego Coast 

Ophioplocus esmarki >9-11 

years  

0.069Brody-Bertalanffy (Medeiros-Bergen 

& Ebert, 1995) 

Weddell Sea Ophionotus victoriae 22 years 0.12Richard 

0.25Richard 

(Dahm, 1996) 

Weddell Sea Ophioplinthus gelida 

(Ophiurolepis gelida 

in article) 

33 years 0.041von Bertalanffy (Dahm, 1996) 

Weddell Sea Ophioplinthus 

brevirima 

(Ophiurolepis 

brevirima in article) 

25 years 0.03von Bertalanffy (Dahm, 1996) 

Weddell Sea Ophioplocus 

incipiens 

(Ophioceres 

incipiens in article) 

19 years 0.007von Bertalanffy (Dahm, 1996) 
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5.2 Growth in O. borealis 

Research on age and growth of commercially valuable fish and marine invertebrates have 

long been conducted in the fishing industry, as it provides information necessary for stock 

assessment and management (Campana & Thorrold, 2001; Helidoniotis et al., 2011). Some of 

the most commonly used growth models are the von Bertalanffy and the Gompertz models 

(Helidoniotis et al., 2011), albeit no model is universally applicable to all species (Hirst & 

Forster, 2013).  

Ophiuroid growth curves are often sigmoid or logarithmic in shape (Dahm & Brey, 1998; 

Quiroga & Sellanes, 2009; Ravelo et al., 2017; Sköld et al., 2001), however, this was not the 

case in all curves constructed for O. borealis (Fig. 18). While the growth rate in brittle stars is 

generally expected to decrease as a maximum body size is approached (Ravelo et al., 2017), 

only the Single Logistic and the Gompertz (Fig. 18) growth curves indicated such a trajectory 

for O. borealis. In both curves, a slight decrease in growth rate can be seen at the further end 

of the x-axis, but neither one reaches the asymptotic size estimated by the corresponding 

growth function. The R2 values were very high, and were the same for all three functions, 

while RSS values varied. The lowest value was that of the Single Logistic function, while the 

Specialized von Bertalanffy function yielded the highest RSS value. This indicates that the 

Specialized von Bertalanffy model was the least fitting of the applied models in this study. 

The considerably large asymptotic size estimated by the Specialized von Bertalanffy function 

could also indicate that it was not the most suitable one, while the estimates by the Gompertz 

and the Single Logistic functions were more similar to each other and had lower standard 

errors as well. While few brittle star species exceed a disc diameter of five cm, a disc size 

larger than 10 cm is not fully unrealistic in ophiuroids as the largest gorgonocephalid species 

can reach a disc diameter of 15 cm (Stöhr et al., 2012).  

When addressing the second hypothesis regarding a slower growth in O. borealis compared to 

brittle stars from lower latitudes, it is difficult to arrive at a definitive answer. However, based 

on the growth constants in Table 4, albeit estimated by different growth functions, all studies 

on Arctic and Antarctic species presented growth constants lower than 0.1. In temperate 

regions, however, growth constants between 0.13 and 0.63 were more common. Some of the 

growth constants reported for temperate brittle stars are closer to those estimated in the polar 

species. Interestingly, this is also the case for the subtropical species, contradicting the second 

hypothesis. However, only two studies provided the growth constant estimates for the 
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subtropical brittle stars, and more studies would be needed in order to make a more solid 

comparison between the different regions. It should be noted that growth similarities between 

species or populations in different regions is not unexpected, as factors affecting growth vary 

across other aspects than only latitude. Differences in, for example, food availability and 

amount of disturbance can be connected to depth (Montero-Serra et al., 2018).  

 

5.3 Limitations of the current study 

A limitation of this study is the combination of individuals from two distinct populations. 

While this approach was deemed justifiable given the primary objective of deriving age 

estimates O. borealis, it must be acknowledged that the growth models may not accurately 

represent any of the populations sampled in this study.  

It proved somewhat difficult to secure ossicles of good quality (i.e. free from tissue, debris or 

damage) for SEM analysis. It was rare for all ossicles from an individual to be of good 

quality, meaning that the number of visible growth bands were inconsistent between ossicles. 

Yet, this appear to be one of the few studies that made the effort to analyze several ossicles 

per individual and used the mean values from up to three ossicles per individual. In two 

individuals, the difference in the number of visible bands between the ossicle with the lowest 

and highest band count, were nine and 10.5 respectively - albeit I considered this difference to 

be rather extreme. It indicates, however, the possibility of high variabilities in the number of 

visible bands between the ossicles of a given individual. 

Due to time constraints, no validation of the annual formation of growth bands observed in O. 

borealis could be performed in this study. Previous studies, however, have validated the 

annual periodicity of growth patterns in marine echinoderms (Brey et al., 1995; Gage, 1992; 

Sun et al., 2019), and indicated this to be the case in brittle stars as well (Dahm, 1993; 

Gorzula, 1977). Originally, such validation techniques were developed for fish otoliths. It is 

common to either keep individuals in culture or in situ for observation, by for example rearing 

juveniles in an aquarium to know their exact age or recapture previously marked individuals 

in a wild population (Stump & Lucas, 1990; Sun et al., 2019). The latter is known as mark-

recapture, which often utilizes fluorescent dye that binds to the outer, growing parts of the 

organisms’ carbonate structure (Gage, 1992).  Upon recapture, the number or width of growth 

bands that have been produced in the time since marking an individual can be estimated. A 
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study on age determination in echinoderms from 2019 (Sun et al.) for example, utilized both 

techniques to successfully confirm that formation of growth bands in the cold-water sea 

cucumber Psolus fabricii were indeed annual.  

While a number of species have undergone band validation, the assumption of un-validated 

growth bands forming annually is widespread. There are studies on other echinoderms 

refuting annual band formation (Hill et al., 2004; Narvaez et al., 2016; Russell & Meredith, 

2000). In a study from 2016, Narvaez et al (2016) subjected sea urchins to different 

temperature- and feeding regimes, after which growth typically associated with warmer 

temperatures were observed in sea urchins subjected to cold temperature and vice versa. 

While this may contradict the notion of seasonal temperature differences driving growth band 

formation, the fact that the sea urchins were removed from their natural habitat and kept in 

artificial conditions should be taken into consideration. Meanwhile, the study by Sun et al. 

(2019) in which sea cucumbers were reared in captivity, did not see significantly different 

formation of growth patterns when compared to wild sea cucumbers.  

 

6 Conclusions and future studies 

This study has shown that growth bands are indeed present in the Arctic brittle star 

Ophiopleura borealis, and yielded the first ever age estimates for the species. Although the 

estimated growth constants for O. borealis were similar to those estimated for other polar 

brittle stars, a handful of temperate and subtropical species had even lower growth constants. 

Thus, O. borealis cannot be said to exhibit slower growth than all brittle star species from 

lower latitudes. The maximum age, 39 years, for O. borealis did exceed all maximum ages 

reported in brittle stars from lower latitudes. The combination of slow growth and high age, 

however, may indicate O. borealis as less resilient to disturbances. Apart from the need for 

more studies on longevity in brittle stars, particularly from different latitudes, future research 

would also benefit from validation of annual growth band formation when ageing brittle stars.  
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