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ABSTRACT

LIFE HISTORY, DIET AND PRODUCTION OF AN HERBIVOROUS TEMPERATE
MARINE FISH, MEDIALUNA CALIFORNIENSIS (FAM. KYPHOSIDAE)
By
Christiana M. Boerger
Master of Science in Biology
California State University, Northridge

Herbivorous fishes are an important component of the marine reef communities. They
convert primary production directly into fish tissue. Grazing of algae by herbivores can
also alter marine communities by impacting the growth, recruitment, and mortality of
algae. By grazing algae, herbivorous fishes therefore serve as a vital link between
primary producers and secondary consumers in aquatic communities. The halfmoon
(Medialuna californiensis: Kyphosidae), is one of the few herbivorous fishes in the
temperate waters of Southern California. Specimens were taken from various coastal
locations around southern California including three of the southern Channel Islands
(Santa Catalina, San Clemente and Anacapa) from 2005-2007 to examine age and
growth, gut contents, and secondary productivity of this abundant species. The von
Bertalanffy parameters for all the aged halfmoons based on lengths were L∞ = 290.5, K =
0.5581 and to = -0.0091. Most adults examined were two to four years-old, indicative of a
fast growing, short-lived species. Stomachs contained all three macroalgal phyla and also
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animals like shrimp, amphipods, bryozoans, barnacles and mollusks, which may also be
important to their diet. Monthly visual transect data indicated an estimate in productivity
to be 5.3 grams of wet weight per meter squared per year of halfmoons using size classes
at three specific reef sites on Catalina Island. The life history and productivity of this
common herbivore contributes to the understanding of kelp forest communities and the
management of species.
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INTRODUCTION
The halfmoon, Medialuna californiensis, is a common temperate marine fish
found off rocky reef and kelp forest environments. They can be found from Vancouver,
British Columbia down to the Gulf of California but are most common off southern
California, where this study took place. Halfmoons belong to the family Kyphosidae, or
sea chub, and are also commonly referred to as blue perch or Catalina perch. The
Kyphosidae family contains 15 genera and about 42 species in five subfamilies. This
family includes two other representatives along the California coast, the opaleye (Girella
nigricans) and the zebra perch (Hermosilla azurea) (Nelson 1994). Medialuna are
characterized by their halfmoon shaped tail and silvery blue coloration. These fish are
frequently caught on sport fishing boats throughout Southern California and although
they are abundant, much of the life history of the halfmoon is poorly understood. In
particular, their role as one of the few herbivores found in kelp forest communities is
unknown.
Fish that consume phytoplankton, macroalgae or seagrasses as a major part of
their diet are rare in all temperate zones, especially in California waters (Quast 1968,
Choat, 1982, Gaines and Lubchenco 1982, Horn 1989). A higher diversity of herbivorous
fishes occurs in tropical latitudes as opposed to temperate or polar latitudes, despite large
standing stocks of seaweeds in latter regions (Horn and Ojeda 1999). Thus, tropical
species have been better studied. These studies have shown that herbivorous fishes play a
major ecological role by influencing the abundance and distribution of algae in the
tropics (Ogden and Lobel 1977, Carpenter 1986). The contrasting pattern of herbivory
between tropical and temperate marine areas may be related to a shift in the relative
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importance of herbivorous taxa, such that the tropics are dominated by herbivorous
fishes, whereas temperate systems are dominated by sea urchins (Gaines & Lubchenco
1982, Lewis 1986, Andrew 1989). The latitudinal gradients of diversity, abundance and
biomass in marine herbivorous fishes was studied by Floeter et al. (2005) in the Western
Atlantic who suggested that temperature related feeding and digestives processes are
most likely involved in the distribution patterns of herbivorous fishes.
Since herbivores have the capacity to alter the composition and productivity of
their community, they are a very important component of the marine environment (Allen
1982, Carpenter 1986, Andrew and Jones 1990, Huntly 1991, Floeter et al. 2005,
Paddack and Cowen 2006). Halfmoons, along with opaleye and zebra perch, can impact
growth, recruitment, mortality and other life history aspects of the algae. Herbivorous
fishes can also allow for a more productive algal community by decreasing self-shading
of the algae, as well as increase the local nutrient input via herbivore excretions
(Carpenter 1986). Because herbivorous fishes are rare in temperate waters it has been
proposed that these types of fishes are not particularly important ecologically (Quast
1968, Lubchenco & Gaines 1981). However, recent studies indicate that they are, in fact,
important components of littoral fish assemblages in temperate waters (Choat &
Clements 1992, Horn & Ojeda 1999) and have also shown that these fish are highly
selective in their feeding habits, preferring green and red foliose macroalgae over brown,
encrusting and calcareous macroalgae (Horn et al 1982, 1990, Barry & Ehret 1993, Horn
& Ojeda 1999). The ability of these fishes to assimilate ingested macroalgal material has
raised many questions about whether fishes benefit directly from the algae or instead
benefit primarily from the small organisms present on the algal surfaces (Quast 1968).
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Similar to Medialuna, parrotfish on coral reefs play a major role in the transfer of energy
from primary producers to higher trophic levels and have proven to be more productive
than carnivorous fishes on coral reefs (van Rooij et al 1995).
The many unanswered questions regarding herbivory in temperate, kelp bed
fishes provided the overall motivation for this study. The primary objectives of this study
were to gain a better understanding of the life history of a little studied temperate zone
herbivorous fish by determining their age and growth, gonosomatic indices, gut contents,
length and weight relationships and their overall numerical and biomass densities in order
to estimate their productivity to the kelp forest community. By studying these
parameters, a better understanding of the role of Medialuna as a link between primary
producers and secondary consumers in the diverse community of the kelp forest can be
obtained.
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METHODS AND MATERIALS
Collection of Specimens
Halfmoons were collected from February 2005 – May 2007 from numerous sites
along the southern coast of California (from Malibu to Newport Beach) and from three of
the Channel Islands: Santa Catalina, San Clemente and Anacapa (Table 1). The fish were
caught by various means, including hook and line, spearing, and dip nets; as well as
bycatch from gill nets used for the Ocean Research Enhancement and Hatchery Program,
which targeted juvenile white seabass (Atractoscion nobilis). The following life history
metrics were recorded for each fish: standard length (mm), total length (mm), total body
mass (g) and gonad weight (g). Body mass and gonads were weighed to the nearest gram
when the specimens were worked up in the field or weighed to the nearest 0.01 gram
when brought to the laboratory. The sex of each fish was also determined by
macroscopic examination of the gonads. The gonosomatic index (GSI) was calculated
using the following equation: GSI = (gonad weight/body weight) X 100 (Wiebe 1968).

Age and Growth
In order to determine age, the sagittal otoliths were removed from all fish. The
length and the width of the left sagittal otolith were measured to the nearest 0.1 mm and
they were weighed to the nearest 0.001 grams. If the left otolith was missing, broken or
damaged in any way, the right sagitta was used. The otoliths were mounted onto wood
blocks with cyanoacrylate and a 0.5 mm cross-section that included the focus was taken
using a Buehler Isomet low-speed saw. These cross sections were then removed from the
wood block and wet sanded on both sides using 400 grit waterproof sandpaper and then
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polished using 600 grit waterproof sandpaper. The cross sections were then placed in a
water filled watch glass with a black background and annual rings were counted using a
dissecting microscope, along with noting whether the outer edge was translucent or
opaque. All otoliths were read at least two times independently, an additional blind
reading was made if the first two readings were not in agreement. If three readings were
necessary the estimated age was determined as the matching values from two of the three
readings. There were no cases of all three readings with different values.
FISHPARM (AFS) was used in order to construct the growth curve for halfmoons
using the Von Bertalanffy growth equation:

Lt = L∞(1-e -K(t-t0))
where Lt = predicted length at a time t,
L∞ = maximum predicted length by equation,
e = base of the natural log
t = time.

Gut Content Analysis
In order to determine what halfmoons eat and to evaluate any dietary changes
during the life of the fish, entire guts were removed from a total of 76 fish within an hour
of collection. This collection included a wide range of size classes. The guts were fixed
in 10% formalin for 24 hours, rinsed in distilled water for 24 hours and then stored in
90% ethanol.
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Each gut was measured to the nearest mm after fixation. The stomach contents
were taken out and identified as being either algae or animal material and separated on a
foil cooking dish. The contents were then dried for 24 hours in an Isotemp oven at 60° C
and weighed using an analytical balance to the nearest 0.0001 grams. The percentage of
dry weight of the algal and animal material was then determined for each of the samples
to establish any dietary patterns.

Biomass Estimation
In order to estimate standing stock biomass of halfmoons in a well-established
kelp forest environment, monthly SCUBA observations were performed from May 2006
– June 2007 at three different sites on the leeward side of Santa Catalina Island, 41.8
kilometers off the coast of southern California. Three sites were sampled: Lion’s Head,
Rock Quarry and Big Fisherman’s Cove, which is a no-take marine reserve (Figure 1).
Fifty-meter long by one meter wide diver transects were used which were swam at a
constant depth of both 6 m and 12 m isobaths. Fish were counted that swam across
transect line and within 1m squared around it. Transects were replicated three times at
each site, at each depth. Halfmoons were counted and classified into four different size
classes based on standard length as young-of-the-year (YOY; 30-80 mm), juvenile (81130 mm), sub-adult (131-250 mm), or adult (>250 mm). Mean growth in biomass for
each size class of halfmoon per month was estimated using the growth rate determined
from the von Bertalanffy growth equation. Numerical and biomass density estimates of
each size class were then utilized to calculate productivity estimates.
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Production Estimations
Production is the total amount of tissue produced during a time interval including
that of individuals that do not survive to the end of that time interval (Ivelev 1966). In
order to calculate productivity (expressed in grams of wet weight per meter squared per
year), the Ricker-Allen model was used to estimate production (Ricker 1946, Allen
1950). The formula is as follows:
P=GB
where G = (ln w2 – ln w1)/Δt (is the instantaneous coefficient of growth)
B = [B1(eG-Z – 1)]/G – Z is the average biomass over the time interval;
Z = [-(lnN2 – lnN1)]/Δt is the instantaneous coefficient of population change of
the immediate sampling area (station) attributable to mortality and migration;
B is the biomass density of fishes at t1; w1 and w2 are the mean weights of
individuals at a time t1 and t2; N1 and N2 are the numbers of fishes present at t1
and t2. G – Z is the net rate of increase in biomass during Δt. This model
assumes that the data does not have to be corrected for immigration and
emigration if the density and growth by size class are estimated frequently enough
to asses accurately the abundance and growth of fishes in the sampling area
(Chapman 1978). For each size class of the fish, growth rates were estimated
from length frequency data, which would then represent the entire population of
halfmoons in a particular area. The product of the density of fish and the growth
rate of the individual is the production of that particular fish stock.
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RESULTS
Numerical Abundance
A total of 449 halfmoon was collected from February 2005 until May 2007. In
2005, 301 fish were caught, followed by 137 in 2006 and 11 fish in 2007. The greatest
number of fish (110) caught in one month was in October 2005 and the fewest fish (1)
per month was in September 2006. The majority of fish were collected at Santa Catalina
Island (262), 150 fish were collected at San Clemente Island, 17 at San Pedro, six at
Palos Verdes, two at Anacapa Island, and one at Malibu.
Gonosomatic Index
The gonosomatic index was calculated for 97 males and 211 females that were
mature (Figures 2 and 3). For the females, the highest mean average GSI was in May at
2.531 % (SD of 2.787) and the lowest mean GSI was in April at 0.533 % (± 0.000). For
males, the highest mean GSI was in June at 1.500 grams (± 1.167) and the lowest mean
GSI was in May at 0.181 grams (± 0.039). Spawning took place in the late spring and
early summer for this species with males following females in the highest GSI for the
year.

Length-Weight Relationship
The relationship between total length and total wight of fish is expressed by the
equation: W = aLb , where b is the slope and a is the y intercept. The length-weight
function for halfmoons (n = 449) was W = 0.000003L3.454 (r2 = 0.984; Figure 4). This
shows that 99% of the variance in the data was explained by the model, according to the
r2 value and it fits a non linear regression model by least squares.
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Age and Growth
Annual bands were formed in the otoliths of halfmoons. A total of 269 otoliths
were used for the age analysis yielding 7 different age classes. Seventeen fish were aged
0 years, 61 were aged 1 year, 77 were aged 2 years, 44 were aged 3 years, 33 were 4
years, 28 were aged 5 years, 7 were aged 6 years and 2 were aged 8 years. The von
Bertalanffy parameters for all the aged halfmoons based on lengths were L∞ = 290.5, K =
0.5581 and to = -0.0091 (Figure 5). The von Bertalanffy parameters for all the aged
halfmoons based on weights were W∞ = 1067, K = 0.1451 and to = -0.1378 (Figure 6).
Halfmoon grew fastest from age zero to three and the corresponding growth rates for
young halfmoon were 56.1 mm/yr from Age-0 to Age-I individuals followed by 11.7
mm/yr for Age-I to II, and 5.9 mm/yr for Age-II to III.

Gut Content Analysis
Analysis of 67 guts of sub-adult and adult halfmoons showed that their diet
consisted of 88% algae, 11% animal and 2% unidentifiable material (Figure 7). Most of
the algal material was identified to Division, which included Phaeophyta, Rhodophyta
and Chlorophyta. Because the gut contents were well masticated, identification to lower
taxonomic levels was difficult. Most stomach contents were dominated by flat and leafy
brown or green algae and filamentous red algae. Identifiable algae included Calliarthron
sp., Ulva sp., and Plocamium cartilagineum. The animal content mainly consisted of
capprelid and gammarid amphipods, bryozoans, and squid (Loligo opalescens), which
were primarily used for bait when catching the halfmoons. Other animals included
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isopods, barnacle legs, periwinkle snails, copepods, segmented worms, anemone tentacles
and mysid shrimp.
The ratio of gut length to standard length was also calculated for halfmoon. As
the fish grows longer, its gut also grows proportionately longer. The ratio of the 67 guts
analyzed ranged from 1.4 to 2.9 which increased with both the age and size of the fish
(Figure 8).

Biomass and Productivity
The most fish were seen in February 2007 and the fewest fish were seen in May
2007 when combining all three sites (Figure 9). The numerical densities among each of
the three sites, Rock Quarry, Big Fisherman’s Cove and Lion’s Head were compared
over time (Figure 10) along with a comparison of numerical densities between each of the
two transect depths, 6 meters and 12 meters (Figure 11). It seemed that there were more
halfmoons seen at 6 meter depth and at Big Fisherman’s Cove however using a one-way
Analysis of variance (ANOVA), there was no significant difference between the mean
number of fish between sites (P = 0.1076, df = 3) or between depths (P = 0.3934, df=2).
Because numerical densities (Figure 12) were used to calculate the biomass of
halfmoons, there were similar trends for densities and biomass (Figure 13). Adults were
the most abundant life history stage at the three sites. Subadults followed the same basic
trends as the adults. Biomass peaked in September of 2006, February 2007, which was
the greatest, and then again in April 2007, which happens to coincide with the beginning
of spawning.
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In contrast to the numeric density and biomass, the highest production was
exhibited by the subadults (Figure 14), with a total of 0.42 g of wet weight per meter
squared per year coming or about 60% of the total for the species. The adults contributed
0.34 g per year or 36% of the total, whereas juveniles contributed 0.05 g per year or 4%
of the total. The total annual production for halfmoons off Santa Catalina Island was 5.3
g of wet weight per meter squared per year.
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DISCUSSION
Age and Growth
The von Bertalanffy asymptotic shaped growth curve found for the halfmoon is
typical of most temperate nearshore fishes when using the mean length; however, the
curve did not become asymptotic when using the mean weight and instead continued to
increase without leveling off. This finding indicates that halfmoons continue to grow in
weight until they die, and they did so at a relatively constant rate. Growth in length was
fastest in YOY, juvenile and sub-adult size classes. Several studies have been conducted
on tropical herbivorous fishes, however, none of these have been in the family
Kyphosidae. An age and growth study was done comparing tropical acanthurids and
scarids to temperate species (Choat and Robertson 2002). They discovered that the
temperate species had higher maximum ages than the same sized species in tropical
waters. It is possible that halfmoons and their herbivorous relatives off the California
coast can live longer than their tropical chub relatives, thus supplying more energy
transfer in their community.

Gut Content Analysis
Horn (1989) defined herbivores as those fishes whose stomachs contain > 50% algal
material by volume, mass, or frequency of occurrence. Herbivore species richness is
lower than that of either carnivorous or omnivorous species in all aquatic habitats. This
study revealed that halfmoons are indeed herbivores. Quast (1968) found similar percent
occurrences of food items in the guts of halfmoons as found in this study, with algae
being the most abundant. Digestive enzyme secretions and microbial activity in the
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hindgut might be the reason why they are able to assimilate algae (Skea et al 2004),
however this process is poorly understood in comparison to plant material assimilation by
terrestrial vertebrate herbivores (Choat and Clements 1998). Although there was animal
material found in the stomachs of halfmoons examined, more that 50% of the contents
were algal. This finding mirrors those of studies done on diets of Kyphosids where the
halfmoon gut contents consisted mainly Phaeophytes and gammarid and caprellid
amphipods (Clements and Choat 1997, Sturm and Horn 1998).

Biomass and Productivity
In an area like the kelp forest, where there is so much available food, the question
is raised of why herbivorous fishes are so rare in such a highly primary productive area,
where there is so much available food. Several hypotheses have been proposed to try and
explain this enigma. Horn (1989) described possible reasons this happens in the intertidal
as well as the subtidal ecosystems which seem as if they can apply to rocky reef/kelp
forest ecosystems as well.
The first hypothesis is that insufficient time has passed for herbivores to expand
from the tropics into temperate and polar seas. The dramatic radiation of perciform
fishes, most dominant in the tropics, is from the ability by them to consume algal material
(Mead 1970). It seems possible then that another million years will be needed in order
for more herbivorous fishes to occupy temperate waters.The second hypothesis is
temperature can limit digestive physiology in fishes, making an herbivorous diet less
beneficial than a carnivorous one (Gaines and Lubchenco 1982). According to their
abundance, halfmoon and opaleye have no problem with a herbivorous diet. The third
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hypothesis is that their food source is unavailable on a seasonal basis in temperate and
polar latitudes, but this hypothesis does not work in temperate California waters where
there is a huge standing stock of macroalgae throughout the year (Chapman and Lindley
1980). The fourth and final hypothesis is that decreased nutritional quality of algae
restricts herbivory by fishes in temperate and higher latitudes. There seems to be little
evidence to support this hypothesis. This study indicates that the nutritional value of
algae does not restrict halfmoons from feeding on it.
Halfmoon productivity at Catalina Island was 5.3 grams of wet weight per meter
squared per year and in comparisons to other studies done on entire ecosystems (Allen
1982), this single species is rather productive. Table 2 shows how halfmoon productivity
compares to other studies of total fish production in different ecosystems. We see that
this single species is more productive that the pelagic and demersal fishes of the English
Channel (Harvey 1951) and the commercial fishes of Georges Bank (Clarke 1946).
Furthermore, when combined with the productivity of the other most abundant
herbivorous fish, opalyeye (Girella nigricans), in temperate rocky reef and kelp forest
communities their contribution is more than that in a Texas Lagoon (Hellier 1962), and
close to those studies done in Bermuda Coral Reefs (Bardach 1959) and North Carolina
eelgrass beds (Adams 1976) with a combined total of 13.01 gWWt/m2/yr.
This study has shown that in the kelp forest communities off southern California,
halfmoons are very important herbivores. With a diet that is composed of 88% algae,
they not only grow rapidly, but they also are responsible for a large amount of fish
biomass. Halfmoons, along with their close relative, the opaleye, produce more biomass
in one year than the entire assemblage of fishes in some other productive nearshore
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habitats. Therefore, these temperate herbivorous fishes command attention along with
answers to questions such as their a phylogenetic position, distributional patterns, feeding
specializations, dietary choice, digestive mechanisms and ecological impacts on algal
communities. For a species which is incredibly productive off a coast with so few
herbivores, future studies need to be conducted to expand on their important role in kelp
forrest community structures , and possibly offer some protection of this species along
with opaleye and zebraperch.
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Table 1: Locations and numbers of halfmoons collected from February 2005 – May 2007

Date
Feb-05
Aug-05
Aug-05
Oct-05
Oct-05
Nov-05
Nov-05
Feb-06
Mar-06
May-06
Jun-06
Jun-06
Jul-06
Aug-06
Sep-06
Oct-06
Oct-06
Oct-06
Dec-06
Feb-07
Apr-07
May-07

Location
Catalina
Catalina
San Clemente
Catalina
San Clemente
Catalina
San Clemente
Catalina
Catalina
Catalina
Catalina
Palos Verdes
SP Channel
Catalina
Catalina
Catalina
Palos Verdes
Malibu
Catalina
Anacapa
Palos Verdes
Catalina
TOTAL

# of Fish
24
84
15
17
93
16
52
27
35
3
6
1
17
4
1
26
4
1
12
2
2
7
449
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Mo. Total
24
99
110
68
27
35
3
7
17
4
1
31
12
2
2
7

Table 2: Studies of productivity of various ecosystems including current study of
halfmoons and the combined productivity of halfmoons and opaleyes in the same location

Locale and habitat
Newport Bay littoral zone
Mexican coastal lagoon
N. Carolina eelgrass beds
Bermuda Coral Reef
Santa Catalina Island kelp forest
herbivores (G. nigricans & M.
californiensis)
Texas lagoon (Laguna Madre)
Santa Catalina Island (Medialuna
californiensis)
English Channel pelagic and
demersal fishes
Georges Bank commercial fishes

Study
Allen (1982)
Warburton (1979)
Adams (1976)
Bardach (1959)
Combined Studies (C.
Boerger unpubl.)
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Estimated annual P
(g WW/m2)
37.6
34.4
18.4
17.2

Hellier (1962)

13.01
15.2

Current Study

5.3

Harvey (1951)
Clarke (1946)

4
1.6

Figure 1: Study sites on Santa Catalina Island for biomass and productivity estimations
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Figure 2: Gonosomatic Index for female halfmoon from February until April

Figure 3: Gonosomatic Index for male halfmoon from February until April
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Figure 4: Length-Weight relationship of halfmoon based on 449 fish
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Figure 5: Mean length (mm) at age for halfmoons using the Von Bertalanffy growth
equation
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Figure 6: Mean weight (g) at age for halfmoons using the Von Bertalanffy growth
equation
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Figure 7: Index of Relative Importance of algae and invertebrates found in the stomachs
of subadult and adult halfmoons
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Figure 8: Gut length versus standard length of halfmoons used for gut content analysis.
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Figure 9: Mean number of halfmoons counted on transects from May 2006 to May 2007
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Figure 10: Mean Number of fish per transect site
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Figure 11: Mean number of fish per transect depth where 1=6 meters and 2= 12 meters
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Figure 12: Mean numerical densities per meter per month from May 2006 to May 2007
for each size class
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Figure 13: Mean biomass density per m2 of halfmoon per month from May 2006 – May
2007 by size class.
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Figure 14: Total productivity of all halfmoon size classes by month from May 2006 –
May 2007.
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