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ABSTRACT 

 

Age structure of Strongylocentrotus fragilis was studied from June- August 2011. S. 

fragilis and seawater samples were collected from three depths: 300m, 400m and 

600m, along the Monterey Canyon. In the lab, four methods of age determination 

were investigated to select the best method using rotula, genital plates and 

interambulacral plates. Charring of interambulacral plates in a muffle furnace at 300 

C0 for 3-5 minutes resulted the best visibility of skeletal growth zones on application 

of Xylene to the ground specimen. Thus this technique was used for visualizing 

skeletal growth zones in 64 specimens. The highest and lowest number of growth 

zones (12 and 4, respectively) came from samples collected at 400m. Specimens 

containing six and eight growth zones were observed in all three depths. Six growth 

zones corresponded to mean test diameters of 53.69mm for 300m, 52.68mm for 400m 

and 37.09mm for 600m. Also eight growth zones were observed for mean test 

diameters 53.83mm, 58.59mm and 46.50mm for 300m, 400m and 600m respectively. 

Specimens from 600m overall had markedly smaller sizes and lower weights than 

specimens from 300 and 400m. But, absence of smaller sized individuals from 300m 

and 400m depths indicates need of further sampling. My results suggest deeper-living 
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S. fragilis have lower growth rates than shallower-living populations. Lower growth 

rates are likely due in large part to the inhospitable abiotic conditions of the deep sea; 

low temperature and low dissolved oxygen levels, combined with reduced pH, 

generally result in reduced metabolism and calcification. As ocean acidification and 

hypoxia become more pronounced in the deep seas during future decades and 

centuries, my results suggest S. fragilis will be most successful at the shallow end of 

its current depth range.  

 

INTRODUCTION 

               Age information provides a basis for growth rate calculations. Usually 

diurnal, seasonal and annual growth increments are used to estimate age and growth 

rates. The commonly used method of determining age of an organism is to measure 

these increments in their calcified structures. In temperate latitudes with seasonal 

changes, animals show different growth rates throughout the year exhibiting higher 

growth rates in summer and spring in response to the abundance of food. The same 

phenomenon is exhibited by woody plants in the higher latitudes by presence of clear 

demarcations between summer and spring wood (Keeley, 1993). 

               This method of age determination is commonly used for fish using otoliths, 

scales, bones (Brown and Gruber, 1988) and spines (Zaboukas and Megalofonou, 

2007). Annual aging of fish has been useful for fisheries management and fish 

harvesting processes. Also this has been applied for some invertebrates. Philipp et al 

(2005) used this method to determine the age of mud clam, and Pirker and Schiel 

(1993) determined age of abalone using ring counts. Further, Zug et al (1986) on 

loggerhead turtle, Britayev and Belov (1994) on polychaete jaws and Arkhipkin 

(1997) on squid stressed the importance of using skeletal growth zones as age 

markers. In fact most sea urchin aging experiments are based on counting skeletal 

growth zones (Blicher et al, 2007; Turon et al, 1995). Having a test composed of 

calcium carbonate these organisms provide good elements for aging experiments. But 

validation of growth zones is important for every study. 

             The age of sea urchins is species specific. Red sea urchins 

(Strongylocentrotus franciscanus) have a life span as long as 100years (Ebert and 

Southon, 1993) while paracentrotus lividus lives up to 9 years (Crapp and Willis, 
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1975). The age of sea urchins has been determined by observing the seasonal change 

of pigmented and clear growth rings formed in plate edges in the Aristotle’s lantern, 

rotulae (Russell and Meredith, 2000; Shelton 2006), interambulacral plates (Blicher et 

al, 2007; Turon et al, 1995; Gage, 1991; Sumich 1973;) and genital plates of the 

apical disc (Agatsuma and Nakata, 2004;Gage, 1992;Gage and Tyler, 1985). In most 

of the studies these have been validated as annual bands by labeling with tetracycline 

(Turon et al, 1995; Gage, 1992; Ebert, 1999, 1991, 1992), calcein (Russel and 

Urbaniyak, 2004) or Passive Integrated Transponder Tagging (PIT) methods (Shelton 

et al, 2006). These mainly relied on mark and recapture methods (Rowley 1990; 

Kenner 1992; Ebert and Russell 1992, 1993; Ebert et al. 1999, Pederson and Johnson 

2008). 

           Most of the growth and age determination studies of urchins are based on 

shallow water species probably due to easy access. But deep sea urchin species like 

Strongylocentortus fragilis are lesser studied and restricted to one dated study on their 

growth (Sumich and McCauley, 1973). Fragile Pink deep sea urchin 

Strongylocentrotus fragilis (Jackson, 1912) inhabits waters 200m-1200m. It is 

distributed in the west coast of North America (Mortensen, 1943) and has been 

observed near cold seeps, hydrothermal vents, whale carcasses (Kroh, 2010) and is 

widely distributed in oxygen minimum zone.  

            Usually the test of this urchin is fragile and circular in outline. It has a 

hemicyclic apical disc having posterior ocular plates exsert. Ambulacra are 

polygerminate with 5 pore pairs to a plate. Their spines short, fine and less than 0.25 

of the test diameter. Studies on this species is restricted to few studies on nutrition 

(Boolootian and Giese, 1959) reproductive biology (Giese, 1961;Boolootian and 

Giese, 1959; Moore 1955), embryology (Moore, 1959) and growth (Sumich and 

McCauley, 1973). 

            Deep sea calcareous organisms are highly susceptible to ocean acidification 

(Barry et al 2011). Thus, most of the current research is focused on understanding the 

effects of ocean acidification on deep sea calcareous organisms (Tittensor et al. 2010; 

Roberts et al. 2006). S. fragilis, being one of most common benthic organisms in 

oxygen minimum zone, is currently being studied by the Barry lab at MBARI. Most 

of these experiments focus on the physiology, acid-base balance and the calcium- 

Magnesium ratios of test plates, on exposure to environmental stressors related to 
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climate change. Sea urchin test is composed of high magnesium calcite, a calcite 

(CaCO3) that incorporates up to 15% MgCO3. The skeleton is composed of a three-

dimensional meshwork termed stereom (Smith 1981). Sumich and McCauley (1973) 

documented that the Calcium-Magnesium ratios in test plates of this particular species 

are age dependent. Therefore knowledge on age structure of this species is valuable 

when documenting the Calcium- Magnesium ratios. Literature on the growth and age 

structure of S. fragilis is limited to a single study by Sumich and McCauley (1973). It 

is important to investigate age structure and growth rates of S. fragilis in different 

depths as they live in a quite broad depth range with different water chemistry and 

access to food. I am interested to investigate the correlation between test diameter and 

age; are two individuals of the same diameter from the same depth, in the same age 

class? And, do two individuals from different depths show the same ratio of test 

diameter to age? This study was designed to determine the age of S. fragilis along the 

different depths of Monterey Canyon. 

 

MATERIALS AND METHODS 
	  

Study site:	  Monterey Bay Canyon	  

Duration:	  10 weeks (June-August 2011)	  

Analysis of skeletal Growth Zones 
               S. fragilis samples were collected using ROV Ventana on 14th June 2011. 

Samples from depths of 300m, 400m and 600m of Monterey bay Canyon were 

collected. Water CTD information was recorded (temperature, dissolved oxygen, and 

salinity), and samples were collected for physio-chemical analysis (pH, DIC) from all 

depths. All samples were transferred to the laboratory live and maintained under 

natural temperature conditions (5C0) in flow-through aquaria. Eight samples from 

400m, six samples from 300 m and 20 samples from 600m used for analysis. In 

addition 39 samples from 600m depth collected from previous cruises were also used 

for this analysis. The following measurements were recorded for all samples:  

1. Wet weight  

2. Test diameter 
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3. Test height 

4. Apical disc diameter 

5. Perignathic girdle diameter  

6. Gut weight 

7. Gonad weight  

8. Lantern weight  

9. Lantern pyramid height 

10. Lantern diameter  

11. Rotula length  

               An analytical balance and digital vernier caliper were used for 

measurements and all measurements recorded to 0.001g and 0.00mm respectively. 

The test was cleaned and bleached with 25% household bleach. Initially three 

methods were used to observe skeletal growth zone. 
 

1. Using rotula (sturdy, dog-bone shaped components of the Aristotle’s lantern 

complex that connect the five demi-pyramids of the lantern):  

Five rotulae were separated from the lantern, cleaned and broken in half along 

the short axis of the bone. The two halves were charred over alcohol flame 

(low temperature). Sections were observed under dissecting microscope with 

reflective light (Shelton et al, 2006). 
 

2. Using Genital plates:  

Apical disc was separated from upper parts of test and was heated evenly on 

hot plate until they turned white colour to brown colour. After cooling these 

were mounted on epoxy and allowed to dry. Four non-madreporite genital 

plates were ground with 600 and 400 grade sand papers until dark bands were 

visible. These were observed under dissecting microscope flooded with xylene 

(Gage and Tyler, 1985). 
 

       3.  Using interambulacral plates:  

            i) Interambulacral plates were arranged in order in a flat, aluminum boat with 

the inner side of the test plates up and heated on a hot plate at 85° C for 3 

hours to remove all moisture. After cooling plates were wetted with xylene 
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mounted with epoxy and allowed to dry. Finally observed under dissecting 

microscope in reflective light (Sumich et al 1973).  

 

           ii) Two ambulacral plates close to the medreporite (genital plate 1) were 

separated. All test parts were air-dried. Then plates were charred in a 

muffle furnace in 300C0 for 3-5 min. Upon cooling of plates two rows of 

plates were mounted on a glass slide with epoxy. Finally plates were 

grounded using polishing equipment (with a 30µ sand paper). Finally 

wetted with xylene, plates were observed under dissecting microscope in 

reflective light. Visible dark bands were counted along the interambulacral 

plate row (Gage, 1992; Pearse and Pearse, 1975) 

 

Preliminary results showed clear bands with the method 3 (ii), thus this method was 

carried out for all the samples.  

 

Preliminary marking/ validation of live specimens was also carried out. Two groups 

of urchins were exposed to UV-visible markers Tetracycline (800mg/L) and Calcein 

(800mg/L) baths for 36 hrs and flushed with fresh seawater. After one week samples 

from both groups were dissected and plates prepared for observation. Samples were 

observed under UV light for incorporation of fluorescence into the interambulacral 

region. 

Analysis of Reproductive Status 
Percentage gonado somatic index (%GSI) was calculated for each specimen to assess 

the reproductive status at the collection. 

           %GSI=   Gonad weight X100 

                          Total weight 
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RESULTS 

Morphometric Relationships 

             Test diameter – weight data from all depths are plotted in Fig. 1 and indicate 

individuals collected from 600m are smaller compared with individuals from 300m and 

400m depths; however, depths of 300m and 400m had low sample sizes (6 and 9 

respectively). There were no samples with test diameter less than 45mm from these depths, 

and no larger samples from 600m in the catch. 

 

 
                  Fig. 1 Fluctuations of  wet weight with test diameter samples from 600m,400m and 300m 
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                 Fig. 2 Relationship of Wet weight to Test diameter in 300m depth with fitted regression 

 
                  Fig. 3 Relationship of Wet weight to Test diameter in 400m depth with fitted regression 

 
                 Fig. 4  Relationship of Wet weight to Test diameter in 600m depth with fitted regression 
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                      Fig. 5 Relationships between different morphometric characters (A; test diameter vs test height, 

B; Test diameter vs apical disc diameter, C; test diameter vs perignathic girdle diameter)  
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             Fig. 6 Relationships between different morphometric characters (A;test diameter vs Aristotle’s 

lantern height, B;Aristotle’s lantern height vs rotula length, C;Aristotle’s lantern height vs 

Aristotle’s lantern diameter) 
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                   Fig. 7 Histogram between size class and percentage frequency of sample numbers 

 

The highest percentage of frequency observed in 41-50mm size class of 600m depth 

samples. 300m and 400m samples were restricted only to three size classses while 600m 

samples included in four size classses. It is important to mention the absence of samples 

from smaller size classes for all thre depths. The lowest diameter recorded was a sample 

with 28.81mm from 600m depth. The highest diameter was recorded from 300m depth 

(75.40mm).  

 
Table 1. Water quality measurements in three depths 

 

 

 

 

 

 

 

 

 

 

Depth  Temperature (C0) Salinity 

(ppt) 

pH Dissolved 

Oxygen mL /L 

300m  7.95  34.12  7.69  1.13 

400m  6.76  34.21  7.66  0.62 

600m  5.30  34.33  7.67  0.30 
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Reproduction 

 
                     Fig.7 Relationship between Percentage Gonado Somatic Index (GSI) and Test diameter. 

 

Percentage gonado somatic index was low for most of samples (<2.0). Only few individual 

had mature gonad with higher GSI. One sample contained mature ova. 

 

Growth zone counts 

Total of 73 specimens processed for growth zone counting. 8 samples were used for 

preliminary analysis on best method for growth band visibility. Hence, 6 samples from 

300m depth and 9 samples from 400m depth and 50 samples from 600m were used for 

growth band counting (Total 65). 
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Fig. 8 Interambulacral plate showing growth zones (sample from 300m depth) 

 

Analysis of rotula rings was not successful as growth rings are not visible. Further, genital 

plates analysis failed due to less clarity in growth zones even after grounding. Also method 

3(i) (Sumich et al, 1973) was not successful as growth zones in the middle area of the 

plates are not clearly visible. Finally method 3(ii) was selected as the best method for 

observation of growth zones as they clear and countable (Fig. 8).  

 

Within one interambulacral series, the larger plates corresponding to the zone of the 

ambitus were the most suitable for ring counting, since in the older ones (near the 

peristomial membrane) the distal bands were hardly distinct and resorption phenomena 

were present (Smith 1980). Hence, interambulacral plates close to the ambitus were 

observed. 

 

Lowest number of growth zones and highest number of growth zones were observed in 

400m depth samples, 4 and 12 zones respectively. 
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Table 2. Mean and standard deviations of test diameters with respect to number of growth zone in different 

depths 

Depth Number of growth rings Test diameter 

  Mean SD 

300 6 53.69a - 

 8 53.83a - 

 9 62.11 0.20 

 11 73.97 2.02 

400 4 49.47a - 

 6 52.68a - 

 7 52.41 4.90 

 8 58.59 3.21 

 10 63.07a - 

 12 64.46a - 

600m 5 33.48 3.86 

 6 37.09 5.77 

 7 44.75 5.50 

 8 46.50 3.95 

 9 49.59 1.44 

 10 51.11 3.32 
             a one observation only 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

                 Fig. 9 Relationships betweeen number of growth zones and test diameter in three depths 
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                Fig. 10  Relationship between number of growth zones and test diameter in depth 300m 

 

 

 

 

 

 

 

 

 

 

 
               Fig. 11 Relationship between number of growth zones and test diameter in depth 400m 

 

 

 

 

 

 

 

 

 
                   

                   Fig.12 Relationship between number of growth zones and test diameter in depth 600m 
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Preliminary chemical tagging of sea urchins 

 

 

 

 

 

 

 
 

Fig. 13 Interambulacral plates tagged with Calcein    Fig. 14 Interambulacral plates tagged with  Tetracycline 

 

DISCUSSION	  
 

Reproduction 

Percentage gonado somatic index is commonly used as an indicator of reproductive stage. 

Recorded low %GSI suggests inactive and/or immature periods of the reproductive cycle. 

Sumich et al (1973) recorded occurrence of two spawning periods in late summer and late 

winter. Also some studies have established spawning period for this species between 

January to March (Boolootian et aI., 1959; Giese, 1961; Boolootian, 1966). No autumn 

spawning has been recorded with these studies. For the current study samples have been 

collecting in June (summer), therefore most of the gonads in these samples must be in 

inactive and/or immature stages. But occurrence of a few mature specimens indicates 

possibilities of spawning in late summer as suggested by Sumich et al (1973). It is 

important mention that there are no recent studies on the reproductive biology of S.fragilis. 

This species being an important member of deep sea communities, it is essential to 

understand their life history, considering  suggestions that deep sea calcareous organisms 

are highly sensitive to climate change. Population dynamics and recruitment patterns of 

different depths are also vital. Thus, further studies with time series data and histological 

work on reproductive stages are suggested. 

 

Morphology and age structure 

Test diameter and wet weight correlation in different depths shows highest diameter and 
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weights in shallower specimens (300m, 400m). Most of the morphometric relationships 

follow the same pattern as wet weight and test diameter except gonad and gut weights. 

But absence of lower size classes form these depths should be considered as a caveat 

because some size-selective bias may well have operated during the sample collection. 

Lower wet weights relative to diameter in 600m samples indicate low food availability as 

well as lower deposition of calcium carbonate.  

 

Most of the studies indicate number of dark growth zones as the age of the animal. Thus 

dark bands are formed annually (Gage, 1992;Gage 1991). But Sumich et al (1973) suggests 

that two dark bands form annually for S. fragilis. Further they state that two pigmented 

zones annually resulted from semiannual plankton blooms in the surface waters.  This 

study is the only one to concentrate on growth and age structure of S.fragilis. According to 

this study there is a possibility of life span for this particular species of more than 10 years. 

From the current study a maximum of 12 dark bands was recorded. This suggests their life 

span up to 12 years. But this should be further studied with chemical marking/ validation 

methods such as tetracycline or calcein marking which have been carried out for other 

species (Gage and Tyler,1985). In this study a preliminary study has been carried out for 

marking some urchins with tetracycline and calcein. Results seem to agree with previous 

work as some florescence marking was visible in the interambulacral plate margins. To 

fully validate age determination for S. fragilis, a validation period of 1+ years is required, 

preferably in situ, in order to accurately represent aging under natural conditions and 

feeding regimes.  

 

Oxygen availability and temperature are strong determinants of metabolic rate, and largely 

account for the low metabolic rates of deep-sea animals (Murty Hughes et al. 2011). In the 

present study, dissolved oxygen and temperature were lowest at 600m depth, suggesting 

low metabolic rates of this group relative to animals collected from shallower sites. This 

condition may result in lower growth rates reflected through smaller test diameters and low 

wet weights. Specifically, specimens with 6 and 8 skeletal growth zones from deeper 

depths correspond to lower mean diameters indicating lower growth rates. A detailed 

survey of representatives of all sized individuals from these depths is essential to depict the 

complete picture. Measuring distances between growth zones will also be useful to 
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measure growth rates over urchin life span to develop a model for growth.  

CONCLUSIONS / RECOMMENDATIONS 
 

Best method for studying age structure of Strongylocentrotus fragilis is to charring at 300 

C0 in a muffle furnace, and grind and observe with Xylene. 

 

Exploration of age structure representing all size classes with emphasis on reproduction is 

essential. 

 

Further studies on marking/ validation techniques to implement in-situ are essential. 
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