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 Abstract.  Brittle stars detach their limbs in rough waters, small crevices between rocks, 
and when escaping predators. They exhibit limb regeneration as part of this response, 
which serves as a renewable source of secondary productivity. Varying temperatures and 
rising levels of ocean acidification are two major impacts of climate change that have not 
been widely studied with regenerative growth in brittle stars. Field surveys were 
conducted on Ophiocomina nigra habitat preferences, locomotion, and behavior to gain a 
better understanding of the relatively unstudied species. The effect of varying degrees of 
shade on O. nigra showed 477% higher regenerative growth in full sun exposure compared 
to half-shaded subjects. Ocean acidification shock experiments did not show any 
significant influence in limb regenerative growth or locomotion. Regenerative growth is 
preferred in higher temperatures, and regenerative growth and locomotion in O. nigra 
were not affected by ocean-acidified shock treatment.  
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INTRODUCTION 

 
Climate change poses an imminent threat 

to the marine environment. The most 
prominent abiotic changes to the marine 
environment are increased water temperature 
and ocean acidification. Ocean acidification 
(OA) collectively refers to increased CO2 
concentration, decreased oceanic pH, and 
decreased carbon availability (Fabry et al. 
2008). Oceanic absorption of CO2 from fossil 
fuels may result in larger pH changes over the 
next several centuries than levels inferred from 
the geological record of the past 300 million 
years with the exception of rare, extreme events 
(Caldeira and Wickett 2003). The current 
oceanic pH is around 8.1 to 8.2 (Hall-Spencer 
2008). It has been estimated that oceanic pH is 
expected to decrease by about 0.15–0.35 units 
by the year 2100 (Intergovernmental 2007).  

Limb regeneration is a morphogenic 
process observed in many multicellular 
organisms, allowing them to grow back parts 
of their body autonomously (Pomory and 
Lawrence 1999). Many different phyla exhibit 
full-limb regeneration, including cnidarians, 
annelids, molluscs, arthropods, and 
echinoderms (Pomory and Lawrence 1999). 
Brittle stars, class Ophiuroidea, are an example 
of echinoderms that display limb regeneration, 
and are prevalent in the marine environment 
off the coral reefs and algal ridges of Moorea 
(Chinn 2006). Brittle stars shed their limbs in 

turbid water or as a rapid response to escape 
from predators (Hendler et al. 1995).  

Ophiuroids, and other echinoderms that 
exhibit limb regeneration, are often overlooked 
as renewable sources of secondary 
productivity (i.e., the generation of biomass of 
heterotrophic organisms), as their limbs can 
serve as food for other organisms such as fish, 
crabs, and shrimp (Allaby 2006). Increased 
ocean temperatures and decreased oceanic pH 
may pose a danger to the limb regeneration of 
brittle stars, which in turn could impact the 
trophic system and marine productivity, and 
reduce their utility as indicators of marine 
ecosystem health. 

There have been past studies on the 
impacts of temperature and ocean acidification 
on developmental growth of juvenile sea stars 
by Goodling et al. (2009), yet impacts on 
regeneration rates have not yet been heavily 
examined (Christensen et al. 2017, Stancyk 
1994). One study looked at the impact of low 
temperature environments on adaptive limb 
regeneration of the Antarctic brittle star, 
Ophiura crassa, but did not find any significant 
effects (Clark and Souster 2012). Another study 
found that rates vary for different body sizes 
and also the number of arms severed in the 
Ophioglypha lacertosa (Zeleny 1903). Finally, a 
study using the Amphiura filiformis brittle star 
species as a model organism found that ocean 
acidification increases metabolic rates and 
calcifying ability (Wood et al. 2008). 



The species of interest is Ophiocomina nigra.  
They are distinguished from other brittle star 
species by their five black, prickly arms that 
measure up to 125mm (See Appendix A). This 
species occurs in the eastern Atlantic Ocean, 
the North Sea, the Mediterranean Sea, and 
Moorea (De Kluijver and Ingalsuo 1993). O. 
nigra is a versatile filter feeder, enabling it to 
exploit most available food sources (Fontaine 
1965).  

The questions addressed in the present 
study are: What are the effects of varying water 
temperatures and increased ocean acidification 
on adaptive limb regeneration in the O. nigra 
brittle star species? What is the effect of 
increased ocean acidification on locomotion? I 
hypothesized that higher temperature will 
increase the regeneration rate since 
temperature might be expected to increase the 
sea star’s metabolic rate. I also hypothesized 
that ocean-acidified (OA) water will decrease 
regeneration rate since acidity may create a 
harsher environment for the brittle stars and 
may be expected to lower their metabolic rates. 
I hypothesized that ocean acidification will 
decrease locomotive speed since acidity may 
reduce the energy expenditure of the brittle 
star. From testing these factors in context with 
climate change predictions, statements can be 
made about their effects on secondary 
productivity in a marine ecosystem. 
 

METHODS 
 

Study Site & Experimental Design 
 

 Brittle stars were collected under the coral 
rocks off the coast near the town of Maharepa 
on the island of Moorea in the French 
Polynesia, shown on the map below (Fig. 1).  

 25 O. nigra were collected (ntotal=25). Since a 
previous study found that regeneration rates 
vary for different body sizes, specimens with a 
body diameter around 30 cm were collected. 
The 25 collected brittle stars were transported 
from the field to the wet lab at the UC Gump 
Research Station. 
 Once at the lab, the brittle stars were kept 
with coral rock and sand in larger tanks or 
aquaria with flowing marine saltwater to allow 
for aeration and circulation of particulate 
matter for food. Coral rocks with algae were 
replaced every other day to replenish 
alternative food sources. 
 An independent experimental design was 
used to study the effects of temperature and 
acidity. Three different water temperatures 
and two different pH levels were used 
independently of one another. There were five 
total groups with five organisms in each group 
for a total of 25 specimens.  
 For the amputations of the brittle star 
limbs, each specimen was carefully taken out of 
their container, with their respective water pH 
treatment, and immediately brought to the lab 
for examination and amputation. Dry body 
mass was recorded before and after the 
surgery. Amputations of the limbs of the brittle 
stars were made using a razor on a dry cutting 
board. One limb of each brittle star was 
severed, and measurements of the length of the 
arms before and after amputation was 
recorded using a ruler and a Nikon© Coolpix 
AW110 camera. The limbs not severed were 
marked with tape. Limbs were measured every 
seven days after amputation up until the 21st 
day. Specimens were monitored every day for 
accidentally detached limbs.  
 

Field Survey 
 
 After 25 individuals were collected, 
focused animal surveys on 22 more O. nigra 
continued throughout the period of the 
experiment and an assessment of the O. nigra 
natural history, including substrate 
composition and habitat at the collection site, 
followed.  
 When brittle stars were found under rocks, 
the rocks were described qualitatively. To 
understand the behavior of the brittle stars, the 
rocks were lifted and locomotion was 
observed. 
 10 O. nigra had one limb severed in the field 
with a razor. Behavior and locomotion was 
observed.  
 
 

 
FIG. 1. Collection and field survey site located 

around the coral rocks off of the coast of Maharepa. 
 



Shade Experiment 
 
 To measure the effect of elevated 
temperature on limb regeneration, I randomly 
assigned five brittle stars to one of three 
different shade variants: shaded subjects in a 
glass aquaria (low temperature, 27°C average 
daytime temperature), half-shaded subjects in 
the water tank (medium temperature, 29°C 
average daytime temperature), and fully sun-
exposed subjects in an open area (high 
temperature, 31°C average daytime 
temperature). Half-shaded tanks were covered 
in a half-shade mesh that blocks 50% of 
sunlight. One limb of each brittle star was 
severed and specimens were put into each 
shade treatment. Negligible pseudo-replication 
occurred since each tank of five specimens 
needed the same water flow. The fully sun-
exposed group was placed inside a blue tank 
with no other organisms, while the other two 
groups were each placed in their own glass 
aquaria.  
 Salinity was kept constant throughout the 
trials. Daily temperature changes were 
monitored for each trial using an Onset® HOBO 
Pendant temperature-logging probe and the 
range and mean of every container was 
recorded. 
 

Acidification Experiment 
 

 To test the effect of decreased pH (acidity), 
one treatment group of five random stars 
received a 45-hour shock treatment of carbon-
dioxide (CO2)-enriched water, or ocean-
acidified (OA) water, without water flow. The 
OA water had a pH 7.7 total Cl (pH 7.81 on the 
NBS scale), with 1000 ppm CO2. The control 
group received a 45-hour treatment of 
unaltered marine saltwater (pH 8.1 on the NBS 
scale) without water flow. After the 45 hours 
for both groups, one limb of each brittle star 
was severed. After amputations, both groups 
were placed into flowing normal pH saltwater. 
Both groups were kept in aquaria in shade. 
 

Locomotion Experiment 
 
 To further study the effect of ocean 
acidification on brittle stars, locomotion was 
analyzed immediately after the 45-hour pH 
shock of the brittle stars in the acidification 
experiment. A plastic container was filled with 
unaltered saltwater and a rock was placed at 
one end. The brittle stars from the acidification 
experiment were placed at the other end of the 

container 13 inches away (See Appendix B). 
The time that it took each brittle star to reach a 
stagnant position under the rock was recorded.  

 
Statistical Analyses 

 
 To test the effect of temperature and pH on 
regeneration, a one-way Analysis of Variance 
(ANOVA) test was used (Ambrose et al. 2002, 
Wickham 2009). Mean regenerative length and 
standard deviations of each group were 
calculated and used in the test.  
 The mean regeneration length and 
standard deviations were used in the statistical 
analysis. The experiment used a significance 
level of a=0.05. Therefore, if the experimental 
F-value of the ANOVA test is greater than the 
expected F-value, we can reject the null 
hypothesis of the corresponding factor 
(temperature or pH). A Tukey’s HSD posthoc 
test was used to compare the significance 
between the three temperature groups. A test 
for variance (F-test) was also used to confirm 
the equality of variances between groups with 
a significance level of a=0.05. 

 
RESULTS 

 
Field Survey 

 
 Focused animal surveys at the collection 
site showed that out of 22 O. nigra studied, 18 
stars preferred being under rocks as opposed 
to 4 being exposed to the sun. Of the rocks 
that the 18 subjects were under, 13 of the rocks 
were non-porous rocks without algae, 3 of the 
rocks were porous with algae, and 2 were 
porous with no algae.  
 When the rocks were lifted from above the 
18 subjects under rocks, all 18 subjects moved 
to rocks nearby within 7 seconds. 
 Of the 10 subjects severed, all immediately 
reacted erratically, quickly moving other limbs 
around, and escaped to new rocks nearby 
within 5 seconds. 
 

Shade Experiment 
 
 Average daytime temperatures of shade 
variants were 31°C for the sun-exposed tank, 
29°C for the half-shaded aquarium, and 27°C 
for the shaded aquarium. 

All p-values were recorded (See Appendix 
C). Mean regenerative growth of the sun-
exposed group (5.2 ± 3.4 mm; x ± 1 S.D.) was 
477% higher than the half-shaded group (0.9 ± 
0.4 mm; x ± 1 S.D.), and was statistically  



significant by one-way ANOVA (Tukey’s HSD 
posthoc test, p < 0.05, a = 0.05) (Fig. 2). Mean 
regenerative growth of the shaded group (3.8 ± 
0.8 mm; x ± 1 S.D.) was not significantly 
different than the other two groups (Tukey’s 
HSD posthoc test, p > 0.05, a = 0.05). There 
were no significant variances between any two 
of the three groups (F-test, p > 0.05, a = 0.05). 
 

Acidification Experiment 
 

 
FIG. 3. Regenerative growth of pH shock-

treated groups. Bold lines represent medians, boxes 
express the interquartile range, dashed lines and 
bars represent total ranges, and the circle represents 
an outlier. 
 

Mean regenerative growth of the OA-
shocked group (2.3 ± 0.76 mm; x ± 1 S.D.) was 
52% lower than the control group (4.8 ± 3.4 mm; 
x ± 1 S.D.), but not significant by one-way 

ANOVA (Tukey’s HSD posthoc test, p > 0.05, a 
= 0.05) (Fig. 3). There was no significant 
difference between the variances of the two 
groups (F-test, p > 0.05, a = 0.05).  

 
Locomotion Experiment 

 

 
FIG 4. Time taken by pH shock-treated groups 

to reach the rock. Bold lines represent medians, 
boxes express the interquartile range, dashed lines 
and bars represent total ranges, and the circle 
represents an outlier. 
 

Mean time taken of the OA-shocked group 
(56 ± 29 mm; x ± 1 S.D.) was 20% lower than the 
control group excluding an outlier (70 ± 19 mm; 
x ± 1 S.D.), but not significant by one-way 
ANOVA with a p-value of 0.385 (Tukey’s HSD 
posthoc test, p > 0.05, a = 0.05) (Fig. 4). There 
was no significant difference between the 
variances of the two groups (F-test, p > 0.05, a 
= 0.05). 
 

DISCUSSION 
 

Field Study 
 

Focused animal surveys on the O. nigra 
confirmed a prior tendency, living beneath 
rocks, seen in other species of brittle stars 
(Addessi 1994). Since 13 of the 22 studied brittle 
stars were found under non-porous rocks 
without algae, we can conclude a clear 
preference to this habitat. This non-algal 
preference may be attributed to the fact that O. 
nigra, like many other brittle stars, are versatile 
filter feeders and do not depend on any one 
main food source besides particulate matter in 
the water (Fontaine 1965).  The preference to a 
non-porous substrate may be linked to the 
ability to prefer the vast shade that non-porous 
rocks provide in contrast to porous rocks. 

 
FIG. 2. Regenerative growth of shade treated 

groups. Bold lines represent medians, boxes 
express the interquartile range, and dashed lines 
and bars represent total ranges. Astericks 
represent significant difference between two 
groups. 
 

 
* 

* 



Since all of the O. nigra found under rocks 
moved to other rocks after removing the 
original rocks, the locomotive field study also 
confirms previous findings of a preference to 
living under rocks (Addessi 1994).  

The quick movement of the amputated 
brittle stars in the field may confirm the stress 
to injury that brittle stars exhibit after 
amputation, confirmed previously (Pomory 
and Lawrence 1999).  

The field study contributes to knowledge 
about O. nigra habitat preferences, locomotion, 
and response to amputation in the field.  

 
Shade Experiment 

 
The significantly higher regenerative rates 

observed in the sun-exposed group relative to 
the half-shaded group shows a preference of 
regenerative growth to 31ºC. This finding 
concurs with my original hypothesis that 
higher temperature may lead to more 
regenerative growth.  

The peculiar outcome of this shade 
experiment is the high regenerative growth of 
the fully shaded group. Research showed that 
juvenile sea star growth (P. ochraceus) increased 
linearly with temperature from 5°C to 21°C 
(Gooding et al. 2009). Therefore, a linear effect 
of temperature was expected from 27°C to 31°C 
in this shade experiment, meaning that the 
fully shaded group was expected to have a 
lower mean regenerative growth than both the 
sun-exposed and half-shaded groups. Since 
this linear outcome was not evident, results 
suggest that temperature may only impact 
regenerative growth within a certain 
temperature range. Research on the 
regeneration of another species of brittle star, 
H. cordifera, showed no significant difference 
between the growth rates at 28°C and 32°C, 
which closely concurs with this study’s 
findings on the limb growth at 27°C and 31°C 
(Christensen et al. 2017). The same study also 
found lower regenerative growth at 25°C 
compared to 28°C and 32°C (Christensen et al. 
2017), which I was unable to observe in my 
experiment. Available resources limited my 
ability to incorporate a wider temperature 
range. 

Variations in temperature due to climate 
change can be expected to influence the 
secondary productivity of a marine ecosystem. 
The regenerative growth preference of a higher 
ocean temperature (31°C) concurs with 
previous research by Gooding et al. (2009) and 
Christensen et al. (2017), and confirms that 
anthropogenic climate change can lead to the 

increased generation of biomass from brittle 
stars. The increased rate of regeneration seen in 
elevated temperatures may be influenced from 
an increased stress reaction to the temperature 
itself or the stress to the amputation. Studies 
have linked elevated temperatures to energy 
and nutrient availability where the stars at 
higher temperatures may be consuming more 
particulate matter in the water and thus 
experiencing faster regenerative rates (Pomory 
and Lawrence 1999). 

This experiment could be improved by the 
use of aquarium heaters to manually control 
the temperature of the water, but the feasibility 
of such an experiment was limited with the lack 
of available equipment. A factorial study 
incorporating different amputated limb 
lengths and a wider range of temperatures 
could advance the overall understanding of 
temperature on regeneration. 

 
Acidification Experiment 

 
My findings of a lack of difference between 

the shock treated groups contrast with the 
study on A. filiformis, which found increased 
calcification with decreased pH (Wood et al. 
2008). Since growth was relatively similar 
between the two shocked groups, the response 
to increased surrounding carbonic acid may be 
attributed to the brittle stars not losing calcium 
carbonate during regeneration (Stancyk et al. 
2004).  Furthermore, the shock may not have 
had a long-term effect on the brittle stars, 
especially since all stars in this experiment 
were placed in unaltered marine saltwater 
throughout the regeneration period. It is 
unclear whether or not the decreased pH 
affected the skeletal chemistry of the brittle star 
over a short period of time. 

The lack of significant difference between 
the two shocked groups was not unforeseen, as 
the 45-hour shock had to be used to account for 
the inability to get ocean-acidified water on a 
long-term basis. Therefore, the experiment may 
be improved by using a running OA water 
system for the acidified treatment group 
instead of using unaltered marine saltwater. 
Insight into a consistent OA treatment would 
be more realistic.  

 
Locomotion Experiment 

 
 The lack of significant difference in 
locomotion between the shocked groups was 
not expected. This means that locomotion 
could not be a good response variable to test 



the effect of ocean acidification, or that 
acidification has no effect on locomotion itself.  
 The locomotion experiment can be 
improved by measuring the response variable 
throughout the 45-hour shock, such as every 9 
hours, rather than just after the 45 hours. More 
data points could improve the understanding 
of the effect of an acid shock. Unfortunately, 
the timing of the measurements would 
interfere with the shock for the acidification 
regeneration experiment, but these problems 
could be mediated with a consistent source of 
ocean acidified water. 
 

Conclusions 
 

Field surveys done on the Ophiocomina 
nigra species expand on research done on the 
species’ habitat preferences, locomotion, and 
behavior. Since this species has not been 
expansively observed in literature and in 
Moorea, the field research conducted in this 
study can provide more generic and 
background knowledge about this species. 

O. nigra will be affected by the effects of 
anthropogenic climate change.  Specifically, 
elevated water temperatures will increase 
regeneration rates in this species. However, it 
seems that ocean acidification shocks may not 
have influenced the growth or locomotion of 
this brittle star, and future treatment studies 
should be conducted.  
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APPENDIX A 
 

 
Ophiocomina nigra specimen. 

 
APPENDIX B 

 

 
Locomotion study design including rock at the right edge of the container. 

 
 
 
 
 
 
 
 
 
 
 
 



APPENDIX C 
 

Shade Treatment P-values (one-way ANOVA, a=0.05, **significance) 
Sun & Half-shade 0.016** 

Sun & Shade 0.55 
Half-shade & Shade 0.11 

 
 

pH Treatment (Regeneration) P-values (one-way ANOVA, a=0.05) 
Low & Control 0.66 

 
pH Treatment (Locomotion) P-values (one-way ANOVA, a=0.05) 

Low & Control 0.532 

 


