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Green Sea Urchin Ranching in the Gulf of Alaska: How do Location and Food 
Influence Market Readiness

Brenda Konar*, McKenna Shook and Katrin Iken
College of Fisheries and Ocean Sciences, University of Alaska Fairbanks, United States

ABSTRACT
Sea urchin ranching is advantageous for both coastal health and the human seafood market. In some areas, sea urchins have become 
hyperabundant and have overgrazed kelp forests,turning these forests into barrens devoid of most seaweeds. A solution to reduce these 
hyperabundant sea urchins is to harvest them for consumption; however, this is impractical because their gonads (roe, the marketable 
portion of the urchin) are very small due to a lack of their natural food, seaweeds, in urchin barrens. To be marketable, sea urchins from 
barrensmust be collected and then ranched, i.e., fed supplemental food so that their gonads can grow to a marketable size and quality. Here, 
we determined 1) if sea urchin ranching location influences market-readiness, 2) the time needed to grow market-ready gonads, and 3) 
the success of growing marketable gonads using different foods in the Gulf of Alaska. We collected green sea urchins (Strongylocentrotus 
droebachiensis) and then ranched them at three locations. Urchins were either starved or fed different foods: bull kelp (Nereocystis 
leutkeana), wrack (mixed kelp species or rockweed Fucus distichus), kelp fouling on docks/lines/buoys, and manufactured kelp pellets. It 
was found that ranching location had no effect on gonad marketability. Additionally, any food involving kelp resulted in marketable gonads 
within 6-8 weeks with equal success. Non-kelp food (F. distichus) performed as poorly as the starved controls and wild-caught sea urchins. 
This study demonstrates the feasibility of green sea urchin ranching in a high latitude environment. 
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Introduction
Sea urchins have been wild-harvested for at least 40,000 years 
[1]. Harvesting has been done by hand, using scuba, and by 
trawling [2]. In the last few decades, a rapidly increasing sea 
urchin harvest has raised concerns in some regions because of the 
important role that sea urchins have in coastal ecosystems [3]. In 
other regions, once productive kelp forests have been overgrazed 
by an overabundance of urchins because of a reduction in local 
urchin predators [4-6]. These urchin-rich and now kelp- depleted 
areas are referred to as barrens. They have very little seaweed 
biomass and are generally thought of as impoverished with low 
production and diversity [7,8]. To restore barrens to thriving 
kelp forests, culling is often used for urchinremoval [9-11]. As 
an alternative to culling, harvesting urchins and ranching them 
for the seafood industry is gaining popularity.
 
Sea urchins cannot be directly harvested from barrens for the 
immediate use for the seafood market because urchin abundance 

is negatively correlated with gonad size and growth rate [12,13]. 
Hence, barrens typically have a high abundance of sea urchins 
with very little gonad development. In some areas, sea urchin 
populations are being thinned using Quicklime (CaO), which 
efficiently kills sea urchins with the hopes that the remaining 
urchins will be able to increase their gonad size to commercial 
levels within 1-2 years [14]. Kelp restoration is also being 
attempted by harvesting sea urchins and then ranching them 
so that they can be sold as a premium seafood [15]. While 
this is often accomplished at large commercial enterprises, 
coastal community members, existing aquaculture farmers, or 
tribal entities could ranch sea urchins on a small scale if local 
and reliable food sources could be found that would transform 
starved sea urchins into a marketable product.

It is known that sea urchin feeding rates and gonad indices 
(GI) are highest on a diet of preferred food, which varies with 
urchin species but often includes kelp (Laminariales) [16]. 
Wrack (seaweed that has washed up on beaches) might provide 
similar results as fresh kelp as dried kelp has resulted in fast 
sea urchin gonad development [17]. Other marketable gonad 
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characteristics such as their taste and smell have been found to 
be better in sea urchins collected from the wild or fed natural 
diets than in sea urchins fed animal and vegetable diets [18]. 
Although prepared feed has been developed for sea urchins 
and can result in fast gonad growth, their testing on green sea 
urchins (Strongylocentrotus droebachiensis) is limited; in 
addition, commercial feeds can also be expensive and may not 
be economically feasible [19]. 

In the northern Gulf of Alaska, and across other high latitude 
regions, green sea urchins are the dominant species and form 
urchin barrens. Generally, green sea urchin test sizes and GI 
are smaller in barrens compared to kelp forests [12]. Along 
the Alaska Aleutian coast, sea urchin densities in barrens can 
average 120 urchins per square meter but have very low GI 
[20,12]. In the northern Gulf of Alaska, much less is known 
about the sea urchin populations other than that barrens exist 
(authors, pers obs.).

One characteristic that impacts sea urchin grazing rates, and 
by expansion gonad development, is the relative size of the 
Aristotle lantern (Lantern Index-LI), which is the mouth part 
used for feeding. Urchins with larger lanterns can take larger 
bites out of macroalgae and hence, can consume more [21]. 
In addition, the size of the lantern can vary (either increase or 
decrease in size) depending on food source [22-24]. The most 
important characteristic that determines market-readiness is the 
relative weight ofgonads to body weight (Gonad Index-GI). A 
GI over 15% is considered market-ready, with food availability 
being the key factor regulating the relative size of gonads 
[25,26]. A morphological characteristic that has had variable 
results in relation to feeding is the gut index [30]. This index 
can vary by diet but can also not differ between fed and starved 
urchins [27-30]. Lastly, gonad color and firmness are important 
characteristics for market readiness with firm, yellow to orange-
colored gonads preferred over soft brown to grey gonads [31-34]. 
Gonad firmness, in particular, has been found to be influenced 
by food [35]. While the collection site of sea urchins has been 
shown to have no impact on sea urchin ranching results ranching 
location has not been explored [36]. 

Here, we examine how sea urchin gonad characteristics are 
influenced by the type of food theyare fed and also if gonad 
development differs by the specific location where they are being 
ranched. As ranching locations for small-scale farmers would 
be most accessible through existing surface structures, such as 
docks or mariculture structures, we aimed to assess if location 
would have a strong impact on sea urchin gonad development. 
We also focused on the effects of naturally available foods 
(macroalgae) in comparison to a manufactured urchin food. The 
purpose of this study is to provide a case study for sea urchin 
ranching in a high-latitude environment.

Methods
Study Sites
Sea urchin ranching was conducted in Kachemak Bay, northern 
Gulf of Alaska (Figure 1). This is a large estuary with existing 
mariculture interests and oyster and seaweed farm presence 
in its smaller bays and coves. Along with local subsistence, 
recreational, and commercial fishing, this region also has the 
highest density of oyster farms in Alaska. Sea urchins were 

ranched at two oyster farms in Kachemak Bay (Moss Island Farm 
in Peterson Bay and Oyster Bay Farm in Bootleggers Cove) in 
summer 2024 and off the dock at the Kasitsna Bay Laboratory in 
summer 2024 and 2025. While kelp forests dominate most rocky 
subtidal substrates in Kachemak Bay, a large and persistent 
barren exists adjacent to Homer Spit, which was our sea urchin 
collection site (Figure 1). This barren is largely dominated by 
the green sea urchin, S. droebachiensis and has little to no kelp 
or other foliose seaweeds. Sea urchins were hand-collected by 
divers on scuba and then transported in less than one hour to the 
Kasitsna Bay Laboratory in large tubs of seawater. Here, they 
were held in running seawater without food until placement at 
the farming locations, which was within one week. There was no 
mortality of urchins during the transportation or holding periods.

Figure 1: Locations where ranching occurred and Homer Spit, 
the barren where sea urchins were collected. Inset shows the 
Gulf of Alaska with the location of Kachemak Bay in the black 
box.

8-12 Week Ranching Trial in 2024
In an initial trial, we wanted to determine if ranching location 
and different types of kelp-basedfood influenced sea urchin 
gonad development. For this, in May 2024, the largest green sea 
urchins at the barren were collected. These sea urchins ranged 
in size from 30-50 mm, averaging 41.8±4.6 mm. From these sea 
urchins, twelve randomly selected sea urchins were immediately 
dissected and morphometrics and gonad characteristics were 
quantified as an initial baseline. All sea urchins were measured 
for test diameter (mm), total wet weight (g), Aristotle lantern 
weight (g), gonad weight (g), and gut weight (g). From these 
measurements, various indices were calculated as a ratio between 
total weight and the variable of interest, i.e., lantern index, gonad 
index, and gut index. In addition to these morphological and 
reproductive measures, we also graded gonad color and firmness 
to assess market readiness [34]. For this, gonads were separated 
into two color categories: (1) yellow to orange, and (2) black, 
brown or grey. Finally, gonads were rated for firmness based on 
their ability to maintain consistency when placed under different 
weights: 20, 50, 100, and 200 g [34].

Remaining sea urchins from this initial collection were 
randomly separated into three groups of 135 for placement at 
three different ranching sites (Figure 1; Moss Island Farm in 
Peterson Bay, Oyster Cove Farm in Bootleggers Cove, and the 
dock at the Kasitsna Bay Laboratory). At each of these sites, 
the 135 sea urchins were further divided into 15 groups of nine, 
which were placed into minnow traps (nine sea urchins per trap, 
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15 traps total). Traps were randomly arranged at each site with 
three traps attached to one line to be suspended from a dock 
surface structure. Traps were placed from a depth of about 0.5 to 
3.0 m below the surface, and lines were at least 2 m apart from 
one another. Field experiments using in situ cages for gonad 
enhancement have been successfully used before [38]. 

Sea urchins in suspended traps were haphazardly assigned to a 
feeding treatment where they were either not fed or fed different 
types of kelp ad libitum. This type of feeding has resulted in high 
rates of growth and reproduction in green sea urchins [37-39,28]. 
At each site, three traps (with nine sea urchins each) were fed 
either 1) fresh kelp wrack that was available from local beaches, 
which was a mix of different kelp species, 2) manufactured 
kelp pellets designed and donated to this project by The Nature 
Conservancy (TNC), 3) fresh bull kelp (Nereocystis leutkeana), 
or 4) a mix of different kelp species that was found fouling local 
farm gear and docks. The TNC pellets were developed as a sea 
urchin feed solution that is consistent and not dependent upon 
the availability of local kelp products. While this feed has not 
yet been tested on green sea urchins, it has resulted in premium 
gonad product for urchin ranchers in California. The other 
feeding treatments were selected as they were deemed easily 
accessible to anyone who would want to ranch sea urchins in the 
study area. In addition to fed sea urchins, three traps with nine 
sea urchins each were not fed (i.e., starved controls).
 
To assess ranching success, three sea urchins from each trap 
were randomly selected at weeks 8, 10, and 12 after the start 
of the feeding trial, and sea urchin morphometrics and gonad 
characteristics were determined (as discussed above). This 
resulted in nine sea urchins from each feeding treatment and site 
per sampling event. In another study, green sea urchins more 
than doubled their GI in an eight-week lab experiment when 
fed ad libitum [40]. At each sampling event, we also collected 
nine sea urchins from the barren to compare gonads of ranched 
urchins to those of the wild population. 

Consumption Rates in 2024 Ranching Trial
To help guide farmers on the amount of food that is needed 
to feed urchins ad libitum and to determine if consumption 
rates differed among the feed types in 2024, the amount (wet 
weight in grams) of bull kelp, kelp wrack, and fouling kelp was 
determined each time the sea urchins were fed for the first 11 
weeks of the trial. At each sampling period, left-over food was 
removed and weighed and replaced with a pre-weighed amount 
of new food. At no time, did sea urchins consume all the food 
in their trap. This included pellets, which were not included in 
this analysis because once saturated, the pellets dissolve quickly 
upon touch and weight loss over time simply due to grazing 
could not be quantitatively assessed. Consumption rate was 
calculated per sea urchin in weeks 8 and 10 by dividing the total 
amount consumed by the total number of sea urchins in a trap 
(typically either 12 or 9, depending on week). 

2-8 Week Ranching Trial in 2025
Based on the quick gonad development observed in 2024, we 
examined sea urchin ranching on a shorter time scale in 2025. 
Sea urchins were again collected from the barren and the 
ranching trial was conducted at the Kasitsna Bay dock only with 
the following feeding treatments: starved control-no food, wrack 

that mostly consisted of Fucus distichus, which is very common 
in the wrack, TNC pellets (as described above), and kelp found 
fouling on the dock. Sea urchins were fed similar amounts as 
during the first trial in 2024 with no feeding treatment ever 
running out of food between sampling periods. These urchins 
were assessed for the same morphometric measurements 
(except for LI) at weeks 2, 4, 6, and 8 to better resolve the early 
development of the sea urchin gonads. During each assessment, 
nine sea urchins were collected from the barren as a wild control. 

Analyses
PERMANOVA was used to determine if morphological measures 
and gonad characteristics differed significantly among feeding 
treatments (starved controls and different feeds) and over time 
(initial and then every two weeks; 2024 examined weeks 8-12 
and 2025 examined weeks 2-8) [41]. In 2024, ranching location 
was included as a random factor in the PERMANOVA (three 
sites). nMDS and univariate bar graphs were used to visualize 
differences in gonad structure based on feeding treatments (and 
location) over time. One-way ANOVAs were used to determine 
differences across treatments for each univariate measure for 
each time interval [42]. Post-hoc comparisons using Tukey’s 
HSD test was used to determine which specific treatment 
difference contributed to the overall significant effect. A one-
way ANOVA and Tukey’s HSD test were also used to determine 
if there were differences in consumption rates among various 
feed types. 

Assimilation of Food
In 2025, a small portion of the gonad of one randomly chosen 
sea urchin from each feeding treatment and trap (three sea 
urchins total per treatment and sampling event) were kept frozen 
for later stable carbon and nitrogen isotope analysis to assist 
in the assessment of diet assimilation. Frozen gonad samples 
were died at 60 °C to dryness, at least for 48 h. Stable isotope 
composition was determined at the Alaska Stable Isotope 
Facility (ASIF) at the University of Alaska Fairbanks using 
continuous-flow isotope ratio mass spectrometry on a Thermo 
Scientific Flash 2000 elemental analyzer and Thermo Scientific 
Conflo IV interfaced with a Thermo Scientific DeltaVPlus mass 
spectrometer. Approximately 0.3−0.5 mg gonad material were 
used for the analyses. Results are expressed as conventional δ 
notation in parts per thousand (‰) according to the following 
equation: δX (‰) = ([Rsample/Rstandard] − 1) ×1000, where X 
is 13C or 15N of the sample and R is the corresponding 13C:12C 
or 15N:14N ratio. Pee Dee Belemnite and atmospheric N2 served 
as standards for carbon and nitrogen, respectively. Instrument 
error at ASIF for either isotope was <0.2 ‰. Here, we mainly 
used the carbon stable isotope values of gonads during the 2025 
trial to assess the assimilation of the provided foods for gonad 
production.

Results
8-12 Week Ranching Trial in 2024
No sea urchin mortality occurred during the 8–12-week 
ranching trial. Sea urchins collected initially and subsequently 
from the barrens and starved control urchins that were ranched 
at the various locations had similar morphometric characteristics 
regardless of ranching location (Figure 2, Table 1). Overall, 
ranching location and time (8-12 weeks) had no effect on results 
(Table 1). Sea urchins that were fed kelp wrack, pellets, bull kelp, 
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or fouling kelp during week 8-12 also shared similar morphometric characteristics regardless of food type although the sea urchins 
fed TNC pellets grouped separately from the other fed sea urchins. Sea urchins fed bull kelp and fouling kelp were most similar 
in morphometrics (PERMANOVA, t=0.945, p(perm)=0.447), followed by fouling kelp and kelp wrack (PERMANOVA, t=2.014, 
p(perm)=0.017). Urchin morphometric measures were different between urchins fed bull kelp and kelp wrack (PERMANOVA, 
t=2.388, p(perm)=0.004). Overall, there was more variability in the sea urchins collected from the barrens or the sea urchins that 
were not fed (see wider spread of points in Figure 2) compared to any of the fed sea urchins. 

Figure 2: nMDS of 2024 sea urchin ranching results. Each point represents the average characteristics of barren and ranched urchins 
with various feeding treatments for each sampling interval. Characteristics include: Aristotle lantern index, gonad index, gut index, 
gonad color, and firmness. The numbers above each point correspond to the sampling week.

Table 1: Permutational Multivariate Analysis of Variance (PERMANOVA) examining the effects of different feeding 
treatments on sea urchin morphological characteristics from the 2024 trial. The analysis was performed using a Bray-Curtis 
dissimilarity matrix on square-root transformed data. 9999 permutations were used to calculate the p-values. p-values (P < 
0.05) indicate significant differences in characteristics between the specified feeding groups

Unique
Source df SS MS Pseudo-F P(perm) perms

Location 2 422.01 211 0.25 0.907 998
Week 2 723.46 361.73 1.468 0.209 999
Feed(Location) 12 10141 845.09 17.741 0.001 998
Location x Week 6 1957.9 326.31 3.724 0.001 998
Feed(Location) x Week 24 2104.7 87.694 1.841 0.001 997
Res 397 18911 47.634
Total 445 41711

Lantern index was similar across time and feeding treatment (Figure 3A) except for an unexplained peak in the sea urchins from 
the barren at week 8, when the LI was significantly higher (one-way ANOVA, F(5,138) = 27.673, p<0.001) in sea urchins from the 
barren than all other sea urchins. The LI in barren urchins was also larger in the starved control sea urchins than the pellet-fed sea 
urchins (p<0.05 for both comparisons). At week 10, significant differences in LI were still apparent (one-way ANOVA, F(5,138) 
= 2.455, p = 0.036); however, LI were only significantly larger in the barren sea urchins compared to the pellet-fed sea urchins 
(p<0.05). At 12 weeks, some significant differences remained (one-way ANOVA, F(5,140) = 8.754, p =p<0.001), with the LI still 
being larger for the barren sea urchins than any other sea urchins andthe lantern indices of the starved control sea urchins also being 
larger than in sea urchins fed pellets or bull kelp (p<0.05 for both).

Gonad index did differ based on the feeding treatments with the largest GI associated with urchins that were fed the pellets and 
the smallest associated with wild sea urchins from the barren and the starved control sea urchins (Figure 3B). At the first-time 
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interval at week 8, the differences in GI were significant (one-
way ANOVA, F(5,138) = 65.270, p<0.001) for all treatments, 
except for urchins fed kelp wrack and both bull kelp and fouling 
kelp. Significant differences in GI were still found at week 10 
(one-way ANOVA, F(5,138) = 129.857, p<0.001) and 12 (one-
way ANOVA, F(5,140) = 132.143, p<0.001), with smaller GI in 
barren and starved control sea urchins compared to all others, 
and larger GI in the pellet-fed sea urchins compared to all others 
(p<0.05). In general, starting at the first sampling interval at 8 
weeks, GI resulting from all feeding treatments exceeded the 
15% threshold associated with marketable sea urchins.

Gut indices were generally higher in the wild and starved 
control sea urchins compared to other treatments (Figure 3C). 
Sea urchins that were fed generally had the least amount of food 
in their guts. At week 8, there were significant differences in 
gut indices (one-way ANOVA, F(5,138) =24.984, p = 0). Barren 
sea urchins had significantly larger gut indices than urchins in 
any othertreatment, the starved control sea urchins had similar 
gut indices to kelp wrack-fed urchins, and the kelp wrack-fed 
urchins had similar gut indices to the fouling kelp-fed urchins 
(Figure 3C). The urchins fed pellets and bull kelp had the 
significantly smallest gut indices at 8 weeks (p<0.05).

Significant gut index differences continued through week 10 
(ANOVA, F(5,138) = 36.037, p = 0) and 12 (one-way ANOVA, 
F(5,140) = 34.218, p<0.001). In week 10, the barren sea urchins 
had significantly larger gut indices than any other urchins. In 
addition, the control and kelp wrack-fed sea urchins had similar 
gut indices and the bull kelp and fouling kelp-fed urchins were 

similar (p<0.05). Also, at week 10, the pellet-fed sea urchins had 
significantly smaller gut indices than any other urchins (p<0.05). 
The 12-week measurements were similar to week 10, except that 
the pellet-fed sea urchins were now similar in their gut index to 
the bull kelp and fouling kelp fed sea urchins.

Gonad color was similarly yellow-orange (aligned with category 
1) in all ranched sea urchins that were fed (Fig. 3D). Barren and 
starved control sea urchins generally had brown-grey colored 
gonads (aligned with category 2). Significant differences in 
gonad color were already observed by week 8 (one-way ANOVA, 
F(5,138) = 12.777, p<0.001), with the barren and starved control 
urchins having darker coloration than any of the fed urchins 
(p<0.05). This trend continued through week 10 (one-way 
ANOVA, F(5,138) = 12.758, p<0.001) and week 12 (one- way 
ANOVA, F(5,140) = 15.331, p<0.001).

Gonad firmness was variable across treatments and time (Fig. 3E). 
At 8 weeks, there was no significant difference in gonad firmness 
among treatments (one-way ANOVA, F(5,138) = 1.0501, p = 
0.391). By week 10, significant differences in firmness arose (one-
way ANOVA, F(5,138) = 3.5554, p = 0.005), with the gonads in 
starved control sea urchins being significantly firmer than in the 
barren or pellet-fed sea urchins (p <0.05). In week 12, differences 
were more pronounced (one-way ANOVA, F(5,138) = 9.1602, 
p<0.001), where all fed sea urchins had firmer gonads than either 
the barren or starved sea urchins (p<0.05), although there was 
no difference in gonad firmness between barren and control sea 
urchins and no differences among the fed urchins.

Figure 3: Mean (±S.D) of various morphometric characteristics from 2024 sea urchins that were initially sampled and then ranched 
for 12 weeks (sea urchins were either starved or fed various types of kelp). A) lantern index, B) gonad index, C) gut index, D) gonad 
color – values close to 1 are yellow/orange and values close to 2 are brown/grey, and E) gonad firmness. Similar letters above bars 
represent non-significant differences among feeding types within one sampling period.
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Consumption Rates in 2024
During each sampling event, there always was food left in 
each replicate. Fouling kelp was consumed significantly slower 
than either bull kelp or kelp wrack in the 12-week trial (one-
way ANOVA, F(2,186) = 41.9589, p = 8.882e-16). On average, 
fouling kelp was consumed at a rate of 1.67±0.89 g/day/urchin 
compared to 3.76±2.1 g/day/urchin for bull kelp and 4.37±1.96 
g/day/urchin for kelp wrack. 

2-8 Week Ranching Trial in 2025
No sea urchin mortality occurred during the 2–8-week ranching 
trial. This trial was only done at one site (Kasitsna Bay Laboratory 
dock) because no site differences were seen in the longer 8–12-
week trial (Table 1). At this one site, differences in sea urchin 
characteristics were found among the feeding treatments and 
across time (Table 2). Based on all morphological measurements 
combined, the initial collection of wild sea urchins from the barren 

grouped with all the ranched sea urchins that were sampled after 
2 weeks, regardless of feeding treatment (Figure 4). It appears 
that 2 weeks was not enough time to bring about difference in 
the sea urchin characteristics among any of the treatments. At 4 
weeks, sea urchin characteristics changedenough that they no 
longer grouped with the initial and 2-week urchins. That said, 
the 4, 6, and 8-week urchins from the barren and the starved 
control sea urchins grouped apart from the sea urchins that 
were fed ad libitum. It should be noted that the wrack-fed sea 
urchins in this trial were fed Fucus rather than kelp-based wrack 
used in the 2024 trials. The characteristics of the 4-week Fucus 
wrack-fed sea urchins were still similar to the barren and starved 
control sea urchins and did not obtain characteristics similar to 
the other fed urchins until week 6. Similar to the 8–12-week 
trial, the sea urchins fed pellets grouped the furthest away from 
the other feeding treatments (Figure 4).

Figure 4: nMDS of sea urchin ranching results from 2025. Each point represents the average characteristics of barren and ranched 
urchins with various feeding treatments for each sampling interval. Characteristics include gonad index, gut index, gonad color, and 
firmness. The numbers above each point correspond to the sampling week.

Table 2: Permutational Multivariate Analysis of Variance (PERMANOVA) examining the effects of different feeding 
treatments on sea urchin morphological characteristics from the 2025 trial. The analysis was performed using a Bray-Curtis 
dissimilarity matrix on square-root transformed data. 9999 permutations were used to calculate the p-values. p-values (P < 
0.05) indicate significant differences in characteristics between the specified feeding groups

Unique
Source df SS MS Pseudo-F P(perm) perms

Feed 4 2038.9 509.73 24.527 0.001 999
Week 3 2549.6 849.88 40.894 0.001 999
Feed x Week 12 1165.7 97.141 4.674 0.001 998
Res 166 3449.9 20.782
Total 186 9515.2

Gonad indices were similar among all treatments and urchins from the barren at week 2 (one- way ANOVA, F(4,40) = 0.757, p = 
0.559) but diverged depending on feeding treatment at week 4 (Fig 5A; one-way ANOVA, F(4,40) = 38.155, p = 3.748e-13). At 
4 weeks, GI were significantly different between either barren sea urchins, starved sea urchins, or Fucus wrack-fed sea urchins 
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and those fed pellets or fouling kelp (p<0.05). Significant GI 
differences among treatments continued at week 6 (one-way 
ANOVA, F(4,40) = 41.911, p<0.001) and week 8(one-way 
ANOVA, F(4,38) = 71.143, p = 0). At week 6, barren and starved 
control sea urchins had significantly smaller GI than any of the 
fed sea urchins (p<0.05). Among those, the pellet and fouling 
kelp fed sea urchins had the largest GI (p<0.05). Fucus wrack 
fed sea urchins produced intermediate sized gonads at week 
6. Trends were similar at week 8, with the barren and starved 
control sea urchins having significantly smaller GI and pellet-
fed sea urchins having significantly larger gonads. Fouling kelp-
fed sea urchins did not perform as well as pellet-fed sea urchins 
but they still had significantly larger gonads than Fucus wrack-
fed sea urchins (p<0.05). Similar to the longer, 12-week trial, 
feeding with pellets produced the largest overall GI (Figures 4 
and 5). Additionally, the Fucus wrack treatment in this trial did 
not perform as well as kelp wrack did in the longer trial.

Gut indices showed no pattern and were highly variable for the 
first 6 weeks of this trial (Figure 5B). Gut indices were similar 
among treatments at week 2 (one-way ANOVA, F(4,40) = 2.549, 
p= 0.054), week 4 (one-way ANOVA, F(4,40) = 0.717, p = 0.585), 
and week 6 (one-way ANOVA, F(4,40) = 1.992, p = 0.114). 
This changed in week 8 (one-way ANOVA, F(4,38) = 6.523, 
p =0.0004), when the pellet-fed sea urchins had significantly 
smaller gut indices than all other sea urchins except for the starved 
control sea urchins (p<0.05). Also in week 8, the fouling kelp-
fed sea urchins had significantly larger gut indices than pellet-fed 
sea urchins but smaller gut indices than the Fucus wrack-fed sea 
urchins (p<0.05). In week 8, the low pellet-fed gut index was 
similar to what was seen for that treatment in the 8–12-week trial. 

Gonad color was variable after the first 2 weeks of this trial with 
no significant differences among treatments (Fig 5C, one-way 
ANOVA, F(4,40) = 0.703, p = 0.595) but by week 4, color had 
similar patterns as in the longer trial (Fig. 5C and 4D). At week 
4, there was no significant difference in the color of sea urchin 

gonads from the barren and the starved control sea urchins 
(p<0.05). There was also no difference in the gonad color of sea 
urchins fed any type of food (p<0.05). These fed sea urchins 
generally had gonads with more marketable coloration (yellow 
to orange; closer to category 1) than did barren or control sea 
urchins. By week 6, gonad color differences among some 
treatments continued (one-way ANOVA, F(4,40) = 0.689, p =
0.0005584), with the control sea urchins having significantly 
more brown/grey color than sea urchins that were fed any type 
of food (p<0.05). By week 8, there were no longer significant 
differences in gonad color among any of the treatments (one-
way ANOVA, F(4,40) = 1.578, p = 0.200), with sea urchins from 
all treatments having more yellow-orange coloration. In general, 
however, sea urchins that were fed some sort of food typically 
had a more yellow-orange color than the ones that were starved 
or collected from the wild, although the differences were not 
always significant This was consistent with the findings from the 
12-week trial (Figures 4 and 5). 

Similar to the 12-week trial, gonad firmness was variable across 
time and feeding treatment (Fig. 5D). At week 2, firmness was 
similar among treatments (one-way ANOVA, F(4,40) = 1.4884, 
p = 0.2239). At week 4, significant differences arose (one-way 
ANOVA, F(4,40) = 6.5559, p = 0.0003727), with the barren sea 
urchins having significantly firmer gonads than the starved control, 
the pellet, or fouling kelp-fed sea urchins (p<0.05). Additionally, 
Fucus wrack- fed sea urchins had significantly firmer gonads 
than the pellet -fed sea urchins (p<0.05) by week 4. By week 
6, significant differences continued (one-way ANOVA, F(4,40) 
= 3.9931, p = 0.008096) with the Fucus wrack-fed sea urchins 
having firmer gonads than the control and pellet-fed sea urchins 
(p<0.05). By week 8, gonad firmness continued to be significantly 
different (one-way ANOVA, F(4,38) = 3.261, p = 0.022), with 
the control sea urchins having firmer gonads than the pellet-fed 
sea urchins (p<0.05). The lack of consistent results with gonad 
firmness over time was similar to the 12-week trial (Figures 4E 
and 5D). 

Figure 5: Mean (±S.D) of various morphometric characteristics from 2025 sea urchins that were initially sampled and then ranched 
for 8 weeks (sea urchins were either starved or fed various types of kelp). A) gonad index, B) gut index, C) gonad color – values 
close to 1 are yellow/orange and values close to 2 are brown/grey, and D) gonad firmness. Similar letters above bars represent non-
significant differences among feeding types within one sampling period.
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Assimilation of food
The three food sources fed to sea urchins (Fucus wrack, pellets, 
and fouling kelp) had different carbon stable isotope values, with 
the most 13C-enriched source being fouling kelp with -14.1 ‰, 
followed by Fucus wrack of -16.0 ‰, and pellets being the most 
13C-depleted source with -23.6 ‰ (Figure 6). The gonads of 
sea urchins from the barren had consistent carbon stable isotope 
values during the initial and week 2 sampling (about -18.5 
‰), but then dropped by 2-3 ‰ in weeks 4 and 6. In contrast, 
the δ13C values of starved control sea urchin gonads stayed 
relatively consistent, and similar to barren urchins in the first 2 
weeks, over the duration of the trial. At week 2, the δ13C values 
of gonads of sea urchins in most feeding treatments were similar 
to those of barren sea urchins, except those being fed pellets. The 
gonads of pellet-fed sea urchins were already close to the source 
carbon isotope value at week 2 and approached this source value 
even more closely in weeks 4 and 6. The δ13C values of gonads 
of sea urchins feeding on fouling kelp approached the isotope 
value of their source more slowly, and the δ13C values of gonads 
were still about 1.5 ‰ lower than the source by week 6. Gonads 
of Fucus wrack-fed sea urchins did not change over the first 6 
weeks of the trial and did not approach the δ13C values of their 
source. 

Figure 6: Mean carbon isotope values for urchins sampled in 
2025 initially and that were starved or fed various types of kelp 
over the 8-week trial. The carbon isotope values of sources 
(Fucus wrack, TNC pellets, kelp fouling) are presented as well, 
indicated by black borders around the symbol.

Discussion
This study has shown that high latitude green sea urchins 
collected from barrens with little to no macroalgal food can 
obtain marketable gonads when fed, especially kelp-based foods, 
while being held in suspended traps. These results are similar 
to other studies that obtained marketable gonads after ranching 
[26,43]. Based primarily on their gonad index (over 15%) and 
color (orange-yellow), urchins that were ranched in this study 
were market-ready at 6 weeks in the shorter-term trial and at 8 
weeks (first sampling) during the longer trial. Gonad firmness 
was found to be variable over among treatments and over time 
so this was deemed not to be a good measure for marketability 
in this study. These results are promising for potential green sea 
urchin ranchers in high-latitude estuarine systems.

All ranched sea urchins were marketable in this study at the end of 
both trials, but results differed among feeding treatments. In both 
trials, sea urchins fed pellets were morphologically different from 
sea urchins that were fed other diets or starved (Figures 2 and 3). 
These pellet-fed sea urchins had larger gonad indices and smaller 
gut indices when compared to other sea urchins (Figs. 4 and 5). A 
similar study found better gonad growth with prepared feed [44]. 

Although not significant, the pellet-fed urchins in our study had 
softer gonads but they still held together, so would be appropriate 
for market. The pellet food was quickly assimilated by the sea 
urchins and invested into gonad production, based on the carbon 
stable isotope data, because sea urchin gonads respond quickly 
to the δ13C values of their algal-based diet [45]. This mirrored 
the fast development of gonads once sea urchins were fed pellets, 
as seen in the quick increase of the GI in this feeding treatment. 
The fast approximation of gonad δ13C values to the diet makes 
sense because gonads in these sea urchins were newly produced, 
instead of turned over tissue, which typically takes a longer time 
[46]. In addition, prepared feeds such as the pellets in this study, 
are known to enhance gonad growth over natural foods, typically 
based on water content of the feed, with prepared feeds (pellets) 
being more nutritionally concentrated [47]. This was consistent 
with the fast approximation of gonad tissue δ13C values in the 
pellet-fed sea urchins in our study, compared to fouling kelp-fed 
sea urchins. Given these results, prepared pellets may be a good 
option as an urchin feed, particularly in areas where wild kelp are 
not available. We do caution, however, that we did not conduct 
any human sensory evaluations on the gonads and this should be 
considered before large-scale ranching begins as specific food 
types can influence smell, taste, and aftertaste [35,48]. 

Kelp in its various forms (wrack, fouling, and wild) produced 
similar morphological results, but the gonads of the Fucus 
wrack-fed sea urchins in the shorter trial were more similar 
to barren collected sea urchins and starvation control sea 
urchins. When sea urchins were fed Fucus wrack, their gonads 
were small (not marketable) and their guts were relatively full 
(Figure 5). This indicates that they were feeding but were not 
converting the food they had in their guts into gonad production. 
Sea urchins fed Fucus wrack did not seem to absorb nutrition 
from the feed for gonad production, as evidenced by the lack 
of assimilation of the food source (no approximation of gonad 
δ13C values to the source and low GI over time). Despite that 
Fucus wrack remains reproductively viable over the summer 
in the study region, and it is consumed by sea urchins in the 
trial (see increased gut index), it does not seem to be invested 
into gonad production [49]. Possibly, this is related to the 
occasionally low lipid and other nutritional content of Fucus in 
the study region [50]. This result was unsurprising as sea urchins 
prefer a kelp to non-kelp diet and tend to grow larger gonads 
on preferred food [51]. The assimilation of kelp food (fouling 
kelp) was documented in the steady approximation of the gonad 
δ13C values to those of the fouling kelp. In one study, green 
sea urchins were found to prefer fresh bull kelp (Nereocystis 
leutkeana), which we used successfully in our first 12-week trial. 
The kelp wrack and fouling kelp used in this study were a mix of 
N [52]. leutkeana, Cymethaera triplicata, Saccharina latissima, 
Alaria marginata, and Costaria costata. Unlike another study, 
when a mix of kelp species was used, no significant differences 
in sea urchin gonad and morphological characteristics were 
found compared to urchins fed a single species (N. leutkeana) 
[51]. One morphological characteristic that did not correlate 
with food was the LI. Lantern indices have sometimes shown 
a relationship with food but results have not been consistent 
[22,53,54]. The lack of a strong relationship between food and 
LI suggests that most sea urchins, except for barren and, to a 
lesser degree, starved control sea urchins, were feeding at a 
similar rate and were ingesting a similar amount of food [21].
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Both the pellet and the fouling kelp food sources were quickly 
assimilated by sea urchins and invested into gonad production, 
based on the carbon stable isotope data, as sea urchin gonads 
are a newly produced tissue and respond quickly to the δ13C 
values of their algal-based diet [45]. This mirrored the fast 
development of gonads once sea urchins were fed these diets, as 
seen in the quick increase of the GI in these feeding treatments. 
The fast approximation of gonad δ13C values to the diet makes 
sense because gonads in these sea urchins were newly produced, 
instead of turned over tissue, which typically takes a longer 
time [46]. In addition, prepared feeds such as the pellets in this 
study, are known to enhance gonad growth over natural foods, 
typically based on water content of the feed, with prepared feeds 
(pellets) being more nutritionally concentrated [47]. This was 
consistent with the fast approximation of gonad tissue δ13C 
values in the pellet-fed sea urchins in our study, compared to 
fouling kelp-fed sea urchins. Sea urchins fed Fucus wrack did 
not seem to absorb nutrition from the feed for gonad production, 
as evidenced by the lack of assimilation of the food source (no 
approximation of gonad δ13C values to the source and low GI 
over time). Despite that Fucus in wrack remains reproductively 
viable over the summer in the study region, and it is consumed by 
sea urchins in the trial (see increased gut index), it does not seem 
to be invested into gonad production. Possibly, this is related to 
the occasionally low lipid and other nutritional content of Fucus 
in the study region [50]. Notably, the δ13C values of sea urchins 
from the barren changed dramatically between weeks 2 and 4, 
while the starved control sea urchins did not. Coincidentally, 
there was an increase in gut index, gonad color, and gonad 
firmness in week 4 in gonads of the barren sea urchins, even 
though there was no discernable response in GI. It is possible 
that sea urchins in the barren were able to start feeding on a 
seasonally available food source in late May (week 4), such as 
the development of benthic diatom films (authors, pers. obs.). 
Benthic microalgae are important in the development of newly 
metamorphosed sea urchins but it is possible they also serve as a 
food source for adult sea urchins in the absence of foliose algae 
[55,56]. The distinct drop in δ13C values could indicate that sea 
urchins in the barren went from starvation (often characterized 
by higher δ13C values) to feeding on a seasonal food source, 
which was not observed in the experimentally starved urchins 
[57]. This study found that ranching location had no impact 
on gonad development in ranched sea urchins. This is similar 
to another study that found that sea urchin collection location 
had no impact on ranching results [36]. Our sites consisted of 
two oyster farms in two different bays and a dock in a third 
bay. This lack of location differences is unsurprising as some 
environmental characteristics that are expected to vary with sites, 
such as light, have been found to have little influence on gonad 
growth, especially when compared to food quality and quantity 
[58]. Environmental site characteristics were not quantified in 
this study, but all sites are located in larger Kachemak Bay, which 
is known for having oceanic conditions and many successful 
oyster farms [59]. While no site effects on gonad development 
were found, further study of environmental conditions may be 
worthwhile. One environmental characteristic that might be 
worth further examination is temperature [60]. It has been shown 
that capturing sea urchins in cooler water and ranching them at 
a site with relatively warmer water increases gonad production 
[61]. Additionally, increased gonad growth has been achieved 
at higher temperatures in summer compared to winter [62]. In 

contrast to gonad growth, gonad color, texture, and firmness 
were found to not be significantly affected by temperature, diet, 
or the interaction of these two factors [44]. 

We recommend that future green sea urchin ranching start with 
a sensory evaluation to examine smell, taste, and aftertaste. 
Different foods can produce different sea urchin flavors and smells, 
and preferred taste can depend on the market [48,63]. We also 
recommend that the ranching site be one where other invertebrate 
thrive as an indicator of generally amenable conditions. For this 
study, we used oyster farms and a dock with little boat traffic. 
We found farms and docks to be desirable because traps could 
easily be brought to the surface for feeding and harvesting. A kelp 
product (wild, fouling, wrack, or pelletized) should be used with 
sea urchins being fed approximately 6 g of kelp per day per green 
sea urchin. Initial sampling of the sea urchins for market-readiness 
could start at 6 weeks in a location as described (productive region, 
locations with diverse other marine communities). We used sea 
urchins with 30-50 mm test size in this study because that was the 
available size in the barren. If larger sea urchins are used, more 
food and a longer time may be needed. It should also be noted that 
overall results may vary if differently sized green sea urchins or 
different species of sea urchins are used [64-66]. 
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