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Abstract 
The red sea urchin, Mesocentrotus franciscanus, is an ecologically and economically 

important species.  Although there has been extensive work on the life of the adults, little work 
has been done on the larval stage of its life history, namely the settlement cues of competent 
larvae. This study tested 6 treatments, with 24 hour exposure, to test which factor induced the 
most efficient larval settlement. At the conclusion of this study, Calliarthron tuberculosum, 
showed significantly higher settlement results for larvae, with an average of 12 ± 0.632 out of 
15. Biofilms from purple urchins and urchin free environments also seemed to have an effect on 
settlement, but this was not as significant of a difference as the coralline algae. Red urchin 
biofilm, kelp detritus, and sea water did not have a significant effect on the settlement of the 
larvae. 
Introduction

Red sea urchins are ecologically important due to their grazing capabilities and 
subsequent impact on the food web (Rodgers-Bennett 1995). In the absence of predators, 
urchins are known to make urchin barrens, which decimate kelp forests that would otherwise 
normally support a productive ecosystem (Filbee-Dexter and Scheibling 2014). In addition to 
their large ecological impact, sea urchins are also farmed commercially for consumption (Solan 
1986). With ecological and economical importance, it is critical to understand the drivers behind 
the shift between urchins’ planktonic, larval stage and their benthic, adult stage. This 
metamorphic shift has been well studied and described as a vital turning point in the life history 
of many organisms (Hodin et al. 2019). 

Although urchins are found in virtually every benthic oceanic habitat, a given urchin 
species occupies very specific sub-habitats. How is it their larvae, which spend the entire phase 
of their life cycle floating in the water and riding currents, decided where and when to settle? 
Environmental cues are vital to the larvae, as they are signals on when to settle and continue in 
their life cycle. 

Species-specific settlement cues are seen in organisms across multiple phyla. Past 
studies show, for example, unique cues for corals (Morse et al. 1988), chitons (Barnes and 
Gonor 1973), limpets (Steneck 1982), tubeworms (de Silva 1962), sea stars (Henderson and 
Lucas 1971), and urchins (Rowley 1989). Although each species has its own cue, there are 
several that appear frequently for more than one organism. Coralline algae, crustose or upright, 
has been shown to induce settlement in a variety of organisms (e.g., Daume et al. 1999; Morse 
et al. 1988; Johnson 1991). Biofilms, the collection of microbes on a surface, have been proven 
to be effective settlement cues for marine invertebrates (see Hadfield 2011 for review). Although
there is a breadth of understanding on the settlement of larvae, there are still organisms to 
which the cues are unknown. In the case of the red urchin, Mesocentrotus franciscanus, little 
research has been done on specific cues. This study’s aim is to narrow down possible cues for 
the settlement of M. franciscanus, by investigating the responses of urchin larvae to coralline 
algae, multiple biofilms, and kelp. 

Methods
Culturing larvae 

On 4/15/2019, two males and two females were spawned and eggs were fertilized and 
cultured according to standard methods (Strathmann 1987; Hodin et al. 2019). Adults spawned 
were collected by SCUBA divers on various dates throughout 2017-2018. The adults were kept 
in large aquaria in Friday Harbor Laboratories or in subtidal cages off the Friday Harbor 
Laboratories floating dock, and periodically fed drift kelp, mostly Nereocystis luetkeana. Larvae 
were placed in a 3-liter glass jar with 10.5 ℃, ~5µm bag filtered sea water (referred to as 
CFSW) at an initial density of approximately 1 larva per 2 mL water. The jars with larvae were 
labelled and submerged into a sea table with flowing water, as to keep the jars at constant 
temperature. A plexiglass paddle was placed into each jar and attached to a stirring apparatus 
to keep water moving inside the jar (Strathmann 1987). Every two days, the water was changed 
and the larvae were fed Rhodomonas sp. and Dunaliella sp. at a concentration of 2500 and 
3000 cells/mL respectively (Hodin 2019). After about 20 days, the larvae were split into two jars,
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to reduce the density of larvae to an approximate concentration of 1 larva per 5 mL to allow for 
optimal growth.
Determining Competency

Before settlement treatments can start, the competency of the larvae must be tested. It 
has been shown that an excess of KCl in seawater can induce settlement to test competency 
(e.g, Carpizo-Ituarte et al. 2002; Hodin et al. 2019). Larvae will undergo settlement when they 
are competent or close to being so. The exposure of KCl induces settlement in competent 
larvae, thus a baseline for the competence of a stock can be determined. For Mesocentrotus 
franciscanus, competency was reached in just over 30 days. To check if the larvae were 
competent, 10 larvae were placed in an 8 mL of 100 mM KCl. After 1-hour exposure, the larvae 
were counted and then transferred to clean sea water before being released.Collection and 
preparation of settlement substrates

In total, 5 exposure treatments and 1 control were tested. Plastic well plates were used 
in which the tissue culture treated surface had been thoroughly washed off and thus removed . 
36 hours prior to the settlement experiments, three well plates were put into different enclosures
to begin building a biofilm. 

One plate was placed in the touch tank in the basement of Fernald Labs. This tank was 
home to several adult M. franciscanus and this plate became the “Red Urchin Biofilm.” This tank
also held many other organisms including cucumbers, anemones, worms, and gunnels.  A 
second plate was placed into a tank that held several adult Strongylocentrotus purpuratus as 
well as several adult Strongylocentrotus droebachiensis  as well as other invertebrates, 
including mussels, anemones, sea stars, sand dollars, scallops, and snails. This was called the 
"Purple Urchin" biofilm treatment. A third plate was placed into a tank that held several crabs 
and snails, but no urchins. This was to grow an “Urchin absent” biofilm. However, at some 
unknown time, four S. purpuratus were placed in this tank, despite its designation as “urchin-
free.” It is speculated that said urchins were placed in the last 4-8 hours of the biofilm growth so 
the impact on the biofilm is unknown. 

Calliarthron tuberculosum was collected from Cattle Point, San Juan Island (48.450229, 
-122.962236) during low tide on April 23. This alga was broken into 2.5 cm segments one 
segment was placed into each well. A section of Nereocystis luetkeana stipe and fronds was 
broken up in a blender to create kelp detritus. The detritus was filtered at 75 µm, left to break 
down for 6 days and finally frozen for storage (Hodin, Jason. Personal communication. 2019). 
Kelp detritus was placed in wells at a concentration of 6000 cells/mL. Finally, the control plate of
filtered sea water was prepared. 

Settlement trials
The larval culture jars were reverse filtered into volume of 500 mL to make selection 

easier. Using a dissecting scope, larvae were individually selected into the appropriate well. For 
each of the 6 treatments (including the control), 6 replicates of 15 larvae each were set up.
 Each well plate had one exposure type as explained above and contained 10 mL of CFSW in 
addition to the potential settlement inducers in the well, and were prepared before the larval 
selection began. 

Larvae were selected only if they were not already settled, not deformed, and did not 
appear malnourished. Start time order for replicates of each treatment were randomized. This 
was done to reduce bias and increase randomness of when the trials began. After the larvae 
were placed into the well plate, a second count was done to ensure 15 larvae were in each well.
During the process of selecting larvae, intervals of about 3 minutes were utilized, to allow 
adequate time for counting. During counting, if the count did not use the full time of that interval, 
a short break was taken. When scoring each larva after the exposure, it takes longer to score 
than it does to select larvae out, therefore planning the trials in intervals is necessary so that 24 
hours is achieved with all larvae and there is not a time difference for trials. For example, if the 
selection took 1 minute each, but the counts afterwards took 3 minutes, the last count would 
have 1.2 hours longer exposure than the first. After selection and the exposure began, the well 
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investigate the effects of presence of predators on the settlement of the larvae and the growth of
the juveniles. 

Another possible discrepancy is the age of the biofilms used in this study were fairly 
young, at 36 hours, compared to other studies, which used biofilms as old as 21 days 
(Wieczorek and Todd 1998). The maturity and outright variability in microbiomes can be 
inconsistent and are not always uniform across a sample (Wieczorek and Todd 1998). Although 
the results of biofilms inducing settlement is supported by these studies, Cameron and 
Schroeter (1980), show red and purple urchins actually do show settlement preferences with 
adults in the wild, which contradicts the results of this study. Therefore, it would be valuable to 
revisit the biofilm exposures by creating a biofilm with a single, isolated species and with more 
mature biofilm to further investigate influences of adults and that of other invertebrates.

Exposure of kelp detritus was not shown to be an effective inducer of settlement as its 
average settlement of 1 ± 0.632 was not significantly different from the control, according to the 
Tukey test (Figure 2). The average of the number swimming went up from 8.1 ± 0.341 to 11.16 
± 0.632 between the 3 hour and 24 hour exposure. This suggests the larvae did not find the 
cues sufficient for settlement and returned to the water column in order to find new cues. A 
recent study done shows how kelp detritus is an effective food for larvae and produces optimal 
growth to competency (Feehan et al. 2018). Although this kelp detritus, which is produced in the
wild through thallus erosion, is a beneficial source of food, it is not shown to be an effective 
settlement cue in this study. A possible reason for this is that once the larvae are fertilized, they 
are able to feed on the detritus in the water column while they grow and they do not receive this 
as a cue to settle since they feed on it though their larval stages. When they reach competency 
while feeding on detritus, they receive a new cue to induce settlement. However, more research
would be needed to prove this concept.  
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