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Abstract

The purple sea urchin, "Paracentrotuslividus” is an Atlanto-Mediterranean species that is of commercial interest
for its gonads (or roe) in Europe and Pacific/Asian countries. Individual identification of sea urchins is difficult due
to the presence of spines and the structure of the skeletal-like test. However, a successful tagging technique is
important for monitoring growth rate and survival of marked individuals in the laboratory and in the field. In addition,
tagging can denote ownership, help in brood stock management, and allow for the tracking of animals in the market
chain and laboratory experiments. In this study, smaller than previously reported passive integrated.

Transponder (PIT) tags and two external methods (fingernail polish and beads glued to the spines) were tested
on "P. lividus" individuals to assess tagging capability, survival, and host response (e.g. lysozyme activity, nitric oxide
levels, and cell viability). Additionally, PIT tagged individuals were released in an intertidal rock pool and monitored
in order to test field application. Of the three different tagging methodologies, PIT tags were found to be the most
successful in both studies carried out in the laboratory in regards to survival and tag retention. In the field, PIT tagged
individuals were released and recaptured successfully. Furthermore, host response to individual tagging showed that

the individuals were challenged by the sampling methodology which caused increased mortality.
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Introduction

Demand for high quality seafood is increasing; resulting in the rapid
growth of the aquaculture industry, which in turn reduces pressure on
capture fisheries. Maximising the potential of the aquaculture industry
though, requires innovation to refine existing techniques and apply
new technologies [1]. Individual identification in holding conditions
is important to monitor growth, behavior, genetics, and population
dynamics [2]. The mechanism used to identify individuals must be
easily distinguishable, be retained for long periods of time, and have
minimal impact on

Growth and behavior if it is to have practical applications [3,4].
Individual identification also has further applications in brood stock
management, denoting ownership, tracking animals in the market
chain, and ecological studies [5] by serving as a marker within the
population. However, many commonly farmed aquatic organisms,
such as shrimp, sea urchins, and other marine invertebrates, have
proven difficult to tag despite recent advances in tagging technology
[5-7].

The purple sea urchin, Paracentrotuslividus, is an Atlanto-
Mediterranean species that is of commercial interest for its gonads
(or roe) in Europe and Pacific/Asian countries [8,9]. This commercial
demand has placed pressure on wild sea urchin populations worldwide
and has led to an increased need for aquaculture and hatcheries. In
2010, marine aquaculture produced an estimated 384,300 tons of
echinoderms for consumption [10,11] necessitating the establishment
of more hatcheries. Individual tagging or identification of sea urchins is
difficult due to the presence of spines and the structure of the skeletal-
like test. Previous studies have focused on external markings to the
spines and test [12-14], drilling holes in the test [15-18], fingernail
polish plus dental adhesive [14] internal markings, such as tetracycline
injections [19-22] and passive integrated transponders (PITs) [6,23-

26]. However, these techniques are often invasive and result in altered
behavior and high mortality rates [27,28].

The invasiveness of the tags challenges the individual and could
lead to a compromised immune system and possible mortality. Factors
affecting the immune system include diseases, condition, and diet [29].
Any factor that challenges an individual can elicit a host response. A
tag, whether attached to the spine or test, or inserted into the coelomic
cavity, may be treated by the sea urchins immune system as potential
invaders. The sea urchins immune system is defined by its immune
effectors 35 which have the capacity to respond to injuries, host invasion,
and cytotoxic agents [29]. Using immune parameters, there are two
means of evaluating host response: 1) humoral components such as
nitric oxide and lysozyme activity assays and 2) cellular components
such cell differentiation counts and cell viability assay. The humoral
responses use antimicrobial compounds as a first response to invaders.
Nitric oxide, a nitrogen radical produced from L-arginine during
phagocytosis, serves as a mechanism of fighting off invasive pathogens
[30]. Additionally, lysozyme levels demonstrate defense capabilities
through the enzymatic break down of pathogenic cell membranes [31].
Cellular responses directly involve coelomocytes, circulating immune
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cells, Located within the coelomic cavity. Therefore, cell viability and
immune cell differentiation are important immune parameters which
allow insight into the effects of tagging on P. lividus.

In this study, two laboratory trials looked at internal implanted
passive integrated transponder (PIT) tags and two external methods
(fingernail polish and beads glued to the spines) when tested on P.
lividus individuals over a two or four month time period (February-May
2013) in order to assess individual tagging viability and host response.
Additionally, PIT tagged individuals were released and detected in the
field in West Cork, Ireland using a portable universal microchip reader
(RealTrace® RT100) in a water proof scuba bag. The overall aim of the
study was to identify a tag that was the most suitable for identifying an
individual based on (a) tag retention, (b) host response to tags, and (c)
survival of P.lividus in the laboratory and in the field.

Materials and Methods

In this study, three trials were conducted on sea urchins. The first
trial (Trial 1) looked at tag retention and survival for 8 weeks in the
laboratory. The second trial (Trial 2) looked at tag retention and host
response for 4 weeks in the laboratory. The final trial (Trial 3) assessed
PIT tag viability in the field.

All P. lividus individuals were sourced from Dunmannus 68 Sea
foods sea urchin hatchery in West Cork, Ireland. Both laboratory trials
were carried out at ambient temperature (14.0 + 1.0°C; maintained
with PSA Aquaclim 10 reversible heatpump/chiller) with continuous
water circulation (1000 L sump filled with fresh sea water every 3 days)
in four 400 L black plastic circular tanks. pH and oxygen saturation
(DO) was monitored throughout the experiment to ensure water
quality (pH: 8.0 + 0.05 and DO: 8.0 mg/L + 0.4 mg/L). Each tank
(both trials) contained 4-5 plastic mesh baskets which each held 10 P.
lividus individuals and underwent a different tag treatment. In order
to acclimate the sea urchins, they were held for 7 days prior to trial
commencement. No sea urchin mortalities were recorded during the
acclimation period. Animals were fed ablibitum with Laminariasp.

Trial 1: Assessment of different tag options in sea urchins

General set-up: In each of the tanks, 1 basket held controls, 1 held
sea urchins tagged with fingernail polish (40 + 5 mm individuals), 1
basket held specimens tagged with beads (40 + 5 mm individuals), and
2 baskets each held a different specimen size class (20 + 5 mm or 40 + 5
mm individuals) tagged with PIT tags. The control consisted of 10 un-
tagged sea urchins (40 + 5 mm).

External tagging: Two external tags were used (Figure 1b-1c). The
first tag type was fingernail polish (Boot’s Natural Collection®) applied
to the top of an individual sea urchin’s spines (approx. 20 spines) after
drying spines with cotton. The second tag type was 2mm craft beads
glued to 5 spines per sea urchin with a BISON non-toxic, non-drip
formula super glue gel.

Internal tagging: 1.4 mmx8 mm PIT tags (Trovan®) (Chips4Fish,
Zoo Chip, UK) programmed with a unique 12-digit identification
number [32] were inserted through the peristome membrane via
syringe application [33] (Figure la).

Monitoring: Animals were monitored daily for 8 weeks (119
days). External tags (fingernail polish and beads) on each individual
sea urchin were counted. Internal tags (PIT Tags) were scanned using
a portable universal microchip reader (RealTrace® RT100). Any Dead
Sea urchins or sea urchins that had lost their tags (expelled PIT tag or

Figure 1: Physical representation of different tagging methodologies.

lost all beads/fingernail polish) were removed from the experimental
system.

Trial 2: Host response from tagging of sea urchins in the
laboratory

Tagging: Please refer to Trial 1 for general set-up, tagging, and
monitoring with the exception that only smaller individuals (20 mm +
5 mm) were used for this trial.

Host response measurements:

Coelomic fluid collection: Due to the small size of each individual
urchin (20 £ 5 mm), samples were pooled from the 10 individuals
per treatment per tank. An initial baseline sample was taken from 10
individuals prior to tagging. Sampling took place at 2 hrs (T2), 24 hrs
(T48), 48 hrs (T48), and then occurred once a week for 4 weeks after
tagging to allow for coelomic fluid levels to return to normal and for
animals to de-stress between sampling episodes. Each week, 30 ul of
coelomic fluid was taken from each individual and placed into a 2
ml eppendorf tube for pooling. Host response was monitored using
lysozyme activity, nitric oxide measurements, and cell viability assays.
In total, 40 individuals were analyzed per treatment.

Lysozyme activity assay: 200 pl of coelomic fluid, pooled from 10
sea urchins per treatment was immediately placed in a 2 ml eppendorf
and placed on ice to prevent degradation of the samples. The samples
were centrifuged at 3,000 rpm for 10 min to separate the cells from
the serum. The supernatant was removed without disturbing the pellet
formed at the bottom of the tube, placed into a clean 2ml eppendorf
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and stored at -20°C until analysis. The corresponding Pellet was
also frozen at -20°C. The lysozyme activity assay was carried out as
described by Cronin et al. [31], according to Caraballal et al. [34], a
modification of Shugar [35]. Lysozyme activity was measured using a
96 well plate reader at a wavelength (A) of 450 nm which calculated
the mean decrease in absorbance at T0, 1 min, 2 min, 3 min and 4
min. Duplicate lysozyme standard solutions (30 pl) made from hen
egg white lysozyme (SIGMA) were serially diluted, were included on
each plate and consisted of seven concentrations 5.0 ug/ml, 2.5 pg/ml,
1.25 pg/ml, 0.625 pg/ml, 0.3125 pg/ml etc. A corresponding number
of blank wells, consisting of 200 pl phosphate buffer (0.1M; pH 7.5),
were included on each plate. 30 pl of the supernatant of each sea urchin
sample (in triplicate) was added to the wells of each plate. 170 pl of M.
lysodeikticussuspension (pH 6.4) was added to the wells containing the
standard solutions and the sample solutions on each plate to make up
to a total volume of 200 pl per well.

Nitric Oxide production, Griess reaction: 100 pl of coelomic
fluid, pooled from 10 sea urchins per treatment, was incubated in a
96 well-plate for 30 min at room temperature (in triplicate). The same
volume of filtered sea water (FSW) was added to the controls and left to
incubate for 2 hours. 50 pl of supernatant was removed and transferred
to a new plate. 50 pl of each of the Sodium Nitrite standards: 0.1, 0.5,
1, 5, 10, 50, 100 uM, was added to new wells. 100 ul of Solution A (1%
sulphanil amide in 2.5% phosphoric acid) then 100 pl of Solution B
(0.1% N157 naphthyl-ethylenediamine in 2.5% phosphoric acid) was
then added to all wells (samples, standards and blank) and incubated
for 5 min at room temperature. The 96 well plates were placed in a
spectrophotometer reader (E1x808 Ultra Microplate Reader, BIO-TEK
instruments, INC.) and read at 540 nm.

Cell viability: 100 pl of coelomic fluid, pooled from 10 sea
urchins per treatment, was incubated in a 96 well-plate for 30 min at
room temperature (in triplicate). The supernatant was removed by
overturning the plate. 100 ul of working neutral red solution (1/50 of
stock solution: 0.02 g in 5 ml of filtered sea water (FSW), filter and
maintain in dark) was added to each well and incubated for 2 hours.
The supernant was discarded by overturning. Samples were washed
with FSW and discarded again. 100 pl Lysis169 Solution (1% Acetic
acid and 50% Ethanol in distilled H,0) was then added to each well.
The 96 well plates were placed in a spectrophotometer reader (540 nm)
after being shaken for 1 min.

Trial 3: Individual tagging of sea urchins in the field

The remaining 44 PIT tagged sea urchins from Trial 1 and 2 (sizes
ranging from 20 = 5 mm to 40 + 5 mm) were ranched in shallow rocky
tide pools near the Dunmannus Sea foods sea urchin hatchery in West
Cork, Ireland from August to October 2013 for a total of 6 weeks.
The urchins were simply released into the rock pool and monitored
fortnightly at spring tides using a portable universal microchip reader
(Real Trace® RT100).

Data analysis

For both laboratory experiments (Trial 1 and 2), a chi-squared (x?)
183 test was used to indicate the significance of a particular chosen
tag type on sea urchin mortality. In Trial 2, post hoc analyses were
conducted given the statistically significant ANOVA (p<0.05) for the
cell viability and nitric oxide assay results on day 14 (last day where
all treatments were still measured). Specifically, Tukey HSD tests
were conducted on all possible pair wise contrasts. For the lysozyme
activity assay results, individual Kruskal Wallis tests were used to test

for significance on day 14 due to the missing data from later sampling
points (Table 1).

Results

Trial 1: Assessment of different tag options in sea urchins

The controls (urchin size: 40 mm + 5 mm) had a 25% mortality rate
over the four month study period. Within 24hrs, the individuals with
fingernail polish painted on their spines (urchin size: 40 mm + 5 mm)
started to lift the entire epidermal layer off their tests and drop their
spines. By day 29, 100% mortality was observed in this group. Although
the bead methodology had 100% survival, it was only successful in the
short-term as sea urchins survived with the beads up to 29 days before
all the beads fell off or the sea urchins dropped the spines holding the
beads. Lastly, two size classes of sea urchins contained the PIT tags;
small (20 + 5 mm) and large (40 + 5 mm). The large sea 203 urchins
showed a 52.5% mortality rate and the small urchins had a 22.5%
mortality rate over the 8 week study period. All PIT tags remained
operational throughout the experiment. A chi-square test indicated
that the Choice of a particular tag type was associated with the survival
of the sea urchin (x2206; p<6x10 -5207).

Trial 2: Host response from tagging of sea urchins in the
laboratory

For Trial 2, only 20 mm (+ 5 mm) individuals were used. The
controls showed a 20% mortality rate. Within the first week, the
individuals with fingernail polish started to lift the entire epidermal
layer oft their tests and dropped their spines with 90% mortality. By day
21,100% mortality was observed. As in Trial 1, the bead methodology
was more successful, but still observed a 90% loss of tags by the end of
the 28 day experiment. Lastly, urchins that

Contained the PIT tags had 60% mortality. The individuals that
retained their tags survived and were healthy until the end of the
experiment. A chi-square test indicated that there was a significant
difference between the tag retention by the sea urchins based on the
tagging option employed (x% p<5.2x10-3219). Cell viability, nitric
oxide levels, and lysozyme activity were measured to evaluate host
response to tagging. The tag types were statistically compared on day
14 as it was the last sampling point when all tag types were still viable.

The cell viability measurements (Figure 2) indicated an overall
decrease for all treatments and the control. Two hours after tagging,
0.36 OD540 and stabilized at 0.12 OD540 throughout the remainder of
the trial. The different tags types followed a similar pattern. PIT tagged
individuals after hours measured 0.36 OD540 and stabilized at 0.12
OD540, while beaded individuals, after two hours, were 0.58 OD540
and stabilized at 0.10 OD540. Fingernail polished individuals after
two hours was measured at 0.32 OD540 and stabilized at 0.11 OD540.
The fingernail polish tag type was significantly different (p<0.05)
from other tag types on day 14. There was not enough sea urchin
coelomocyte left over to sample until day 28 due to mortality. Nitric oxide

Tag Option Trial 1.1 Trial 1.2
Mortality Tag Loss (Mortality)

Control 25% 20%
Bead 100% 90%
PIT Tag

20 mm Individuals 22.5% 60%

40 mm Individuals 52.5%
Nail Polish 100% 100%

Table 1: Tag retention and survival in P, lividus.
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Figure 2: Cell viability, measured in optical density, for pooled P. lividus
individuals tagged with different tagging options over a 28 day period.
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Figure 3: Nitric oxide levels for pooled P. lividus individuals tagged with
different tagging options over a 28 day period.
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Figure 4: Lysozyme activity data pooled P. lividus individuals tagged with
different tagging options over a 28 day period.

levels (Figure 3) showed an initial 48hr decrease after tagging followed
by general increases in all tag types and controls until the end of the
experiment. The controls at T2 measured 80.04 pM which decreased
to 43.3 uM237 at T48 and then increased to 117.78 uM on day 21. The
different tag types followed a similar pattern. PIT tagged individuals at
T2 measured 63.8 uM which decreased to 55.01 uM at T48 and then
increased to 107.28 uM on day 21. Beaded individuals at T2 were 62.35
uM which decreased to 52.7 pM at T48 and then increased to 107.28
uM at T21. Fingernail polished individuals at T2 were 63.26 uM which
decreased to 54 uM at T48 and then increased until they died off on day

14. The bead tag type was significantly different (p<0.001) from other
tag types on day 14. There was not enough sea urchin coelomocyte
left over to sample until day 28 due to mortality. Lysozyme activity
(Figure 4) showed a general increase in all tag types and the control
until day 7. The controls at T2 measured 1.79 pug/ml, peaked at 12.42
pg/ml and measured 10.41 pg/ml at TDay28. The different tags types
followed a similar pattern. PIT tagged individuals at T2 measured 1.37
pg/ml, peaked at 11.51 pg/ml and measured 7.89 pug/ml at TDay28,
beaded individuals at T2 were 1.63 pg/ml peaked at 11.92 ug/ml and
wasn’t viable at TDay28, and fingernail polished individuals at T2
were 1.52 ug/ml, peaked at 10.77 pg/ml and wasn’t viable at TDay28.
The fingernail polish tag type was significantly different (p<0.05) from
other tag types on day 14 [36].

Trial 3: Field detection of PIT tags

In the field, individuals (n=44; 20 + 5 mm and 40 + 5 mm)
were monitored four times over a two month period (Table 2). Tag
identification numbers were recorded in order to observe individual
occurrences and tag feasibility. One week after releasing the PIT tagged
individuals into the rock pool, 2.3% of individuals were recaptured and
identified. However, 3 weeks after the animals were replaced, 13.6% of
individuals were recaptured. 11.4%, 20.5%, and 4.5% individuals were
caught and recaptured on weeks 4, 5, and 6, respectively. Altogether 12
individuals (27%) were identified and captured over the 6 week period
[37,38].

Discussion

Previous studies using PIT tagged aquatic invertebrates claim that
PIT tagging does not adversely affect survival [6,39-42]. Therefore,
the higher mortality from this study could be due to sensitivity of P.
lividus, condition of the individuals at the time of the experiment or the
host response to the tags. Three tag types were used 271 in this study:
glued craft beads, nail polish and PIT tags. The glued crafts beads could
be viable for short term experiments that last less than two weeks and
don’t involve host response measurements. It was observed that the
sea urchins dropped the spines with the beads, possibly as a defense
mechanism. The fingernail polish resulted in 100% mortality. This was
could be due to the fact that a) the epithelial layer with the fingernail
polish became detached within 24 hrs of application layer making the
urchin susceptible to infection and b) some urchins were observed to
have a swollen peristomal membrane possibly indicating the fingernail
polish, when applied, covered the anus preventing waste expulsion
(personal observation). The specific PIT tag used in this study was 4
mm smaller than tags used in previous studies [6,36-39]. In our initial
tag retention trial, the mortality rate observed was lower in the smaller
individuals than in the larger individuals possibly due to the life history
and previous holding conditions of the urchins. The most successful
marker in this study was the PIT tag with applications in denoting
ownership and tracking individuals.

Trial 1 showed that survival in the smaller sized urchins with PIT
tags was the same as in the control group. The poorer survival in the
larger PIT tagged individuals may have been due to their previous life
history in the hatchery. Upon dissection of PIT tagged individuals, it
was observed that the tag was lodged in the membrane covering the
inside of the test (personal observation). In a study by Parker and
Ranken [39] on PIT tagging in Black Rockfish, it was suggested that the
movement of tags could be the cause of observed mortalities. Christy
[26] observed PIT tags lodged in the outer peritoneum of two frogs
(Limnodynastesperonii). This may have contributed to the mortalities
observed in PIT tagged urchins in this study as the PIT tag was inserted
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Weeks post releasing to the field (n=44)
Individual PIT Codes Week 1 Week 3 Week 4 Week 5 Week 6
Aug. 23 2013 Sept. 04 2013 Sept. 12 2013 Sept. 17 2013 Oct. 21 2013
3458321 v
(15.4 g)
3480739 v v v
(41.29)
3440163 v v
(12.1 g)
3483893 v v
(6.6 g)
3474164 v v v
(8.4 9)
3483706 v v
(38.6 9)
3475231 v v v
(26.5 g)
3466602 v v
(25.8 g)
3467376 v
(30.29)
3447800 v
(12.6 g)
3476882 v
(33.59)
3784860 v
(10.4 g)
% of individuals recaptured 23 13.6 11.4 20.5 4.5

Table 2: Recapture rate for PIT tagged urchins in the rock pool over a 6 week period.

into the coelomic cavity whereitcould move around, conceivably causing
internal damage. Additionally, upon the completion of the experiment,
eight of the surviving PIT tagged animals were dissected in order to
locate the PIT tag. It was observed that the tag was starting to be encased
in the tissue lining of the test. This observation has not been reported
before and warrants further investigation. Although individual tagging
has been used for many years in different species (mainly vertebrates)
[43], other studies using nPIT tags on aquatic invertebrates include
prawns, Macrobrachiumrosenbergii [44], freshwater signal crawfish,
Pacifastacusleniusculus [38], pot-bellied seahorses, Hippocampus
abdominalis [41], green sea urchins, Strongylocentrotusdroebachiensis
[6,45], the kina sea urchin, Evechinuschloroticus, sea cucumbers,
Holothuriawhitmaeiand Actinopygamiliaris [4], and freshwater
pearl mussels, Margaritiferamargaritifera [46], easternlampmussels,
Lampsilisradiataradiata [42] 305 with varying success as viable
markers. Other studies using similar tagging techniques to this
study, such as Agatsuma et al. [47] reported successful tagging of
Strongylocentrotusnuduss pines with different colors of fingernail
polish and covering the polish with a quick drying dental adhesive but
only for trials lasting for shorter than three days. No studies to our
knowledge have used craft beads glued to the spines.

There have been few studies on the effects of tagging on the host,
especially in invertebrates [46]. This is the first study looking at host
response to tagging in P. lividus using immune parameters as indicators
of host response. Trial 1 was designed to assess tagging viability and
mortality, while Trial 2 was designed to test immune parameters of the
tagged host. All animals in Trial 2 showed host response, and higher
mortality when compared to Trial 1, including the controls, due to
handling and sampling of the coelomic fluid via insertion of a syringe
into the peristomal membrane. The overall decrease in cell viability
within the treatment groups, as well as the controls, may be due to tag
effects. With less viable cells, phagocytosis decreases as well; therefore
decreasing capability of an immune response. Upon introduction of a

stressor, the host will liberate oxygen and free radicals, such as nitric
oxide which is a potent bactericidal [48-51]. Our nitric oxide (NO)
measurements indicate that the sea urchin coelomocytes produced
NO with increased production at 48hrs; however, whether it was
due to the tags or to the sampling is unclear and would need further
verification. Lysozyme is an enzyme that can hydrolyse components
of bacterial walls; therefore, aiding in immune defense and digestion
[52]. Lysozyme results from this study indicate an increase in host
response until day seven followed by a decrease in lysozyme activity
in all treatments excluding the controls. Again, the initiation of
the host response, whether it was due to the tags or to the sampling
methodology, is unclear and would need further verification. Behavior
studies should be developed to determine a less invasive ways of
measuring stress and host response because the methodology used in
this study challenged all individuals including the controls. Therefore,
it is necessary to develop an alternative way of measuring host response
(i.e. the activity of the podia and the configuration of the spines). In
the capture, monitor, and release study, surviving tagged individuals
from the tag retention experiment were ranched in natural rock pools
on the west coast of Ireland. The recaptured urchins had retained
their PIT tags for at least five months (laboratory and field) and were
easily scanned with a portable universal microchip reader (RealTrace®
RT100) (standard in veterinary practices); however, there are two
limitations 339 to using PIT tags in the field: 1) sea urchins preferably
hide in the crevasses between rocks which limits accessibility and 2) the
relatively short distance from which tags can be detected (also reported
in Bubb et al. [38]). One way to address these limitations is to apply a
technique suggested by Bubb et al. [38] and Roussel et al. [53], which
calls for the use of a coil antenna or and ‘open coil” antenna mounted
on a pole to facilitate searching for tagged individuals in aquatic
environments full of rocky crevasses. PIT tagging permits repeated
non-destructive sampling of individuals. The claim that this technique
has a theoretically indefinite life span, negligible tagging mortality, high
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tag retention, and no apparent long term effects on growth and survival
of tagged individuals [38], needs further verification in P. lividus. The
PIT tags used in this study was a useful mechanism for individual sea
urchin identification in the laboratory and in the subsequent field
study. Additionally, this method, provided tagged individuals are
held in captivity for three months to test for tag retention, allows for a
large number of animals to be marked and has the potential to address
numerous questions relating to the behaviour, mobility, habitat use,
brood stock management, and denotes ownership within the laboratory
and in the field.

Fingernail polish was the least successful tagging technique and
caused 100% mortality. The bead technique is a temporary tagging
solution but is highly stressful when compared to the control and PIT
tagged individuals. Urchins released into rock pools were detected up
to 6 weeks after release indicating that the use of these smaller PIT tags
are a viable option in sea urchin culture.
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