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ABSTRACT ARTICLE HISTORY
Egg masses of ommastrephid squids are rarely found and not well ~ Received 30 March 2016
studied. For the Humboldt squid, Dosidicus gigas, only a single egg ~ Accepted 30 June 2016
mass has been scientifically documented in the wild. Little is Online 8 August 2016
known about the size and spatial or temporal distribution of egg KEYWORDS

masses, or the number of eggs they contain. In this study, we Reproduction; embryo;
report observations of six egg masses laid in the Gulf of California ommastrephid; scaling;
in May 2015. Egg mass diameters were two to four times smaller in fecundity

this study compared with the previously observed mass reported

in 2008, consistent with the small and large sizes, respectively, of

mature female squid captured during each study. Each egg mass

contained 17,000-90,000 embryos, one to two orders of magni-

tude lower than that estimated for the large egg mass previously

observed. Egg masses were observed at 9-14 m depth on or near

a thermocline. Developmental stages of embryos and paralarvae

differed between egg masses. No egg masses were observed in

the 13 dives before or the four dives after these masses were

found, suggesting that female spawning activity is probably spa-

tially, or perhaps temporally, patchy. Developmental heterochro-

nies in chromatophore development between D. gigas and other

ommastrephid squids are discussed. Amphipods and ciliates

infested the majority of masses, which is the first documented

case of biota associated with wild ommastrephid egg masses.

Introduction

The jumbo squid, Dosidicus gigas (d'Orbigny, 1835), is among the largest squids, reach-
ing 1.2 m in mantle length and 50 kg in mass (Jereb and Roper 2010). Female squids
store mature eggs in the oviducts until spawning. When spawning a given egg mass, the
eggs are mixed with nidamental gland jelly, fertilized and released as a gelatinous mass
(Arkhipkin 1992).

The eggs of ommastrephid squids, such as D. gigas, have rarely been documented
because they are found in oceanic environments where search effort by humans is
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exceedingly sparse. Captive-spawned egg masses have been documented from Todarodes
pacificus (Hamabe 1963; Bower and Sakurai 1996; Puneeta et al. 2015), lllex illecebrosus
(Durward et al. 1980; O'Dor et al. 1982; O’'Dor and Balch 1985), lllex coindetii (von Boletzky
et al. 1973), Sthenoteuthis oualaniensis (Chesalin and Giragosov 1993) and Dosidicus gigas
(Staaf et al. 2008). Observations of egg masses in the wild are more limited. Naef (1928)
and Laptikhovsky and Murzov (1990) observed single egg masses for I coindetii and
Sthenoteuthis pteropus, respectively. O'Shea et al. (2004) observed nine egg masses from
Nototodarus gouldi, while Staaf et al. (2008) observed a single egg mass from D. gigas. Due
to the scarcity of these observations, the spatial and temporal distribution of ommastre-
phid female spawning events in the wild is poorly known.

The single egg mass of D. gigas observed to date as a free-floating jelly blob reached
3-4 m in diameter (Staaf et al. 2008) and was estimated to contain as many as 4 million
eggs (Staaf et al. 2016). However, most ommastrephid squids are much smaller and,
from limited observations, produce much smaller egg masses containing far fewer eggs
(O’'Dor and Balch 1985). Larger squids take longer to reach maturity than smaller squids,
and therefore have a greater predation risk; but typically if they survive to maturation,
they have a higher fecundity (Nigmatullin and Markaida 2009).

Interestingly, the size and age at maturity is plastic for D. gigas. Depending on the
temperature regimen early in ontogeny, D. gigas either matures after just 1 year at a
modal dorsal mantle length (DML) of 14-34 cm or after 1.5-2 years at a much larger size
of 55-120 cm (Arkhipkin et al. 2015). This provides an opportunity to observe the effects
of body size and age at maturity on reproductive output.

We present observations of six D. gigas egg masses found in situ in 2015, when squid
were found to be sexually mature at a small size in contrast to the larger squid reported
in 2006 when the large egg mass was observed. We discuss the influence of female size
at maturity on egg mass size and examine spatial and temporal variability and biota
associated with these egg masses.

Methods
Egg mass collection

Egg masses were observed during three blue water SCUBA dives conducted on 28-30
May 2015 in Guaymas Basin, Gulf of California, Mexico (27.25° N, 111.5° W, bottom depth
= 2000 m) (Supplemental material 1) according to the practices of Haddock and Heine
(2005). In total, 21 dives were conducted from 18 May to 1 June 2015 with an average
duration of 40 minutes and a maximum depth of 20 m. Eight of those dives were
conducted at night around 20:00 to 21:00.

Photos of three egg masses, with a diver immediately behind for scale, were analysed for
size using ImageJ (v.1.490, Abramoff et al. 2004). In addition, egg density was estimated for
one egg mass using two methods. First, eggs were counted from 352 cm? of an image to
provide an estimate of egg density (Supplemental material 2). To convert from two-dimen-
sional image area to three-dimensional egg mass volume, the depth of view in the image
through the egg mass was assumed to be the average depth of a sphere with the egg mass's
diameter. This technique was similar to that used by Bower and Sakurai (1996) for captively
spawned T. pacificus egg masses. Second, for comparison to the density measurement
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technique used by Staaf et al. (2008) for a D. gigas egg mass, eggs were counted from four
samples taken with collecting jars (2.84 | total).

Egg masses were sampled with 0.5-1 and 1-| collecting jars, and eggs were subsequently
examined under a Nikon SMZ1500 dissecting microscope aboard the ship within a few
hours of collection. Eggs were staged according to Watanabe et al. (1996). The number of
samples, and hence the number of eggs, collected from each egg mass varied. When
hatched paralarvae were found, their mantle contraction rates were recorded under the
microscope. Living amphipods and ciliates were also observed inside the egg mass samples.
Some eggs and their associated biota were preserved in ethanol for later genetic analyses. In
addition, adult female squid were captured using 11 cm hand jigs every night from 17 May
to 1 June 2015. Maturity was assessed according to Nigmatullin and Markaida (2009).

Assuming the developmental rate in D. gigas is similar to another ommastrephid,
T. pacificus, the spawning times of each egg mass were inferred as follows: the modal
embryonic stage of each egg mass was identified. From these modes, the age of the egg
mass was estimated according to the embryonic ages as identified by Watanabe et al.
(1996) for T. pacificus developing at 20-23°C. Two hours were subtracted from each
estimate to account for the time between in situ sampling and embryonic stage
identification. In support of the assumption that the two species have similar develop-
mental rates, Watanabe et al. (1996) reported Stage 12 T. pacificus embryos 19.0 hours
after fertilization (17°C), which is within the time range described by Staaf et al. (2011)
for D. gigas to reach the same stage (18°C).

Although embryonic age estimates have been made for D. gigas by two previous
studies (Yatsu et al. 1999; Staaf et al. 2011) ages for the embryos in the present study are
very difficult to infer from either study. Neither paper reports developmental timing for
any incubation temperature over 18°C, much cooler than our embryos (24-25°C).
Additionally, Staaf et al. (2011) used large developmental stage categories (e.g. ‘clea-
vage’ and ‘organogenesis’) rather than the higher resolution stage 1-26 categories used
by Watanabe et al. (1996). Yatsu et al. (1999) only reported ages for four stages that are
late in embryogenesis (Stage 20-27) past all but one of the egg masses in our study.

A CTD cast (conductivity, temperature, depth; SeaBird) was conducted on the morn-
ing when the first egg mass was observed (28 May 2015; Figure 1). Daily sea surface
temperature (SST) data were also collected from the Multi-scale Ultrahigh-Resolution SST
data set (Chin et al. 2013) (Supplemental material 3).

DNA extraction and polymerase chain reaction

Samples were preserved in 100% ethanol. Samples were decanted and allowed to dry
for 5 min. 500 pl of 3% CTAB solution (cetyltrimethyl ammonium bromide), 10 pl of
Proteinase K, and 1 ul of B-mercaptoethanol were added to the samples. Samples were
ground with a pestle and placed on a rotator for 1.5 hours at room temperature. DNA
was phenol/chloroform extracted. Polymerase chain reaction (PCR) master mix was as
follows: 17.4 ul PCR grade water, 2.5 ul buffer, 2 pl dNTP, 1 ul forward primer, 1 pl
reverse primer, 0.125 yl Tag polymerase, 1 ul DNA (Appendix; Clontech Laboratories, Inc.,
Mountain View, CA, USA). Samples were sequenced for COX1 in the squid eggs and 185
in the amphipods and ciliates at the URI Sequencing Center. Sequences were identified
using the NCBI web BLAST service (http://www.ncbi.nlm.nih.gov/).
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Figure 1. Conductivity, temperature, depth profile in the Gulf of California (27.25° N, 111.5° W) on 28
May 2015. Horizontal dashed lines represent depth of egg masses.

Results
Egg masses

In total, six Dosidicus gigas egg masses were observed in situ on three dives over 3 days
(Table 1). All egg masses were genetically confirmed to be D. gigas (COX1, 100%
sequence match). The first egg mass was observed at night on 28 May 2015 at
approximately 14 m depth. Five other egg masses were observed during the daytime
on 29 and 30 May 2015, between 9 and 14 m depth. These depths were on or between
notable thermoclines and pycnoclines at 8 m and 16 m depth (Figure 1) such that the
eggs were just below the 25°C isotherm.

The egg masses were spherical or oblong in shape. Photographs were available for three
of the six egg masses. Estimated diameters from photographic analysis ranged from 69 to
141 cm (Table 2, Figure 2). Other masses were visually estimated by divers to be 30-100 cm
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Table 1. Characteristics of egg masses observed in this study.

Egg mass ID Time observed Location Depth (m) Diameter (cm) Age (hr) Amphipods Eggs with ciliates (%) Ciliates
28 May #1 2015-05-28 22:00 27.249° N, 111.513° W 14 44 10 Hyperiidae 91.5
29 May #1 2015-05-29 12:00 27.243° N, 111.495° W 1 50° 17 4 Hyperiidae 0
29 May #2 2015-05-29 12:00 27.243° N, 111.495° W 11-14 103-141° 48 none 15.4 Mesanophrys carcini
29 May #3 2015-05-29 12:00 27.243° N, 111.495° W 12-14 30° 90 1 Hyperiidae Present Metanophrys sinensis
30 May #1 2015-05-30 11:00 27.246° N, 111.544° W 9 79-82° 17 9 Hyperiidae 76.9
2 Parascelus sp.
30 May #2 2015-05-30 11:00 27.246° N, 111.544° W 12 69-73° 48 none 66.7 Paralembidae

2 Diver estimate. ® Photographic estimate.

Table 2. Comparison of the 2006 egg mass (Staaf et al. 2008) to the photographed egg masses observed in this study.

Reference Diameter (m) Egg density (eggs/I) Volume (1) No. of eggs Mean female DML (cm) Mean female mass (g)
Staaf et al. 2008 2-3 X 3-4 192-650 6280° 1.2-4.1 million? 57 £ 14 7300 £+ 5700
Present study 0.92 + 0.28 92° 478 + 432 17,000-90,000° 216+ 1.6 245 + 87

27¢ 5000-26,000°

2 Volume estimate for Staaf et al. (2008) is made using the dimensions reported by Staaf et al. (2008), which appear consistent with the supplemental video presented. The correct volume is

6280 | and the correct number of eggs is 1.2-4.1 million eggs, not 3130 | and 0.6-2 million eggs as reported (Staaf et al. 2016).
b Estimate using the image density analysis technique.
¢ Estimate using the collecting jar analysis technique.
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Figure 2. (a) Distribution of ommastrephid egg mass diameters. Dosidicus gigas (small) are from the
present study. Dosidicus gigas (large) is from Staaf et al. (2008). /llex illecebrosus are from Durward
et al. (1980) and O’Dor and Balch (1985). Nototodarus gouldi are from O’Shea et al. (2004). Todarodes
pacificus are from Bower and Sakurai (1996) and Puneeta et al. (2015). (b) 80-cm egg mass (30 May
#1). () 122-cm egg mass (29 May #2).

in diameter. The density of eggs was estimated to be 92 eggs/I jelly matrix using the image
technique and 27 eggs/I using the collecting jar technique (Table 2). Assuming egg density
is uniform within the egg mass (Staaf et al. 2008) and representative of all egg masses, the
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photographed egg masses contained 17,000-90,000 eggs each using the image technique,
and 5000-26,000 eggs using the jar technique (Table 2).

The average size of females caught (n = 27) was 21.6 + 1.6 cm DML (Table 2).
Although the maturity of all these females was not assessed, two Stage V females
were caught that measured 17.6 and 22.5 cm DML each, and a 23.2 cm DML female
spawned an egg mass in captivity.

Embryos and paralarvae

Embryos within a single mass were at similar developmental stages and were in a head-
down position. Among the egg masses, however, embryos were at notably different
stages ranging from Stage 5 to young rhynchoteuthion paralarvae (Figure 3(a)). On 29
May, three egg masses were found on the same dive (41-minute duration) within tens of
metres. The modal developmental stages of these three masses were Stage 13, Stage 17
and paralarvae. All six egg masses were found within 5 km of each other over the course
of <39 hours. The mass with paralarvae had an opaque region along the bottom
described by one diver as appearing ‘torn’.

a 30 -
27
524
251 May 30 #2
818- May 30 #1
3
o 151 B Vay 29 #3
D124 B may 20 #2
(0]
= 91 B vay 20 #1
* 6 B vay 28 #1
3_
ot
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Stage
b
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—9 : e O — 0O @ : (©)
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Spawn time

Figure 3. (a) Distribution of Dosidicus gigas embryo and paralarval stages found in six egg masses.
The variability in the number of eggs from each mass was due to sampling variability. (b) Estimated
age (duration since spawning event) of egg masses based on modal stage. Stages and correspond-
ing ages are based on Watanabe et al. (1996). Note that the May 29 #2 and May 30 #2 masses are
slightly older than May 28 #1 even though they have less developed embryos because the Stage 17
age estimate is from 20 rather than 23°C incubation and thus a slower developmental rate. (c)
Estimated time the egg masses were spawned based on age.
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Figure 4. (a) Dosidicus gigas embryos. (b) Stage 17 embryo on a T mm-spaced ruler. (c) Stage 21
embryo. (d) Punctate chromatophores on a paralarva. (e) Hatched paralarva. Note the very short
proboscis.

Most hatched paralarvae (that were still within the egg mass) had a mantle contrac-
tion rate of 0.1-0.4 Hz. They had two or three transverse rows of mantle chromato-
phores: the posterior row had three chromatophores on the ventral side, the middle row
(when present) had one chromatophore on the ventral side, and the anterior row had six
or more chromatophores around the entire mantle of the animal (Figure 4(e)). Some
chromatophores were not uniformly pigmented, but rather were punctate, with a gap in
the middle of the bright orange pigment granules of the sacculus (Cloney and Florey
1968) (Figure 4(d)).

Based on embryonic age estimates, the egg masses were 19-92 hours post-
fertilization and were spawned in a 5-day period between 25 May and 29 May
2015 (Figure 3(b,c)).

Associated biota

Five of the six egg masses contained ciliates that were concentrated around the
embryos. Ciliate density around embryos ranged from one to hundreds per embryo.
The extent of ciliate infestation varied greatly between the egg masses, from 15 to 92%
of embryos examined. Embryos that had ciliates often had an opaque wrinkly white
chorion, were missing the outer jelly layer, and were amorphous in shape (Figure 5(b)).
Ciliates were often observed moving within ‘tunnels’ inside the embryonic tissue. One
live paralarva was observed to have a single eye being ‘swarmed’ by ciliates (Figure 5(a)).
Three species of scuticociliates were identified from three egg masses: Mesanophrys
carcini (18S, 99% match), Metanophrys sinensis (100% match), and an unknown taxon
(93% match for Paralembidae).

Live hyperiid amphipods (Suborder Hyperiidea) were also observed in collecting jar
samples of four of the six egg masses. At least three species were found, but genetic
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Figure 5. (a) Scuticociliates (Metanophrys sinensis) around the eye of a live Dosidicus gigas paralarva.
(b) Scuticociliates around a dead embryo. (c) Parascelus sp. found in a D. gigas egg mass sample. (d)
An amphipod (Hyperiidae) found in a D. gigas egg mass sample.

analyses were only conducted on one for which a specimen was preserved: Parascelus
sp. (78S, 96% match for Parascelus edwardsi), which occurred twice on one egg mass
(Figure 5(c)). At least two species from the family Hyperiidae were identified from
photographs. Twenty-four individuals from this family were found on four egg masses
(Figure 5(d)).

Discussion
Egg masses

All the egg masses in this study were found at 9-14 m depth, between two thermoclines
at 24 and 25°C (Figure 1). This is similar to the egg mass found by Staaf et al. (2008) and
corroborates the experimental evidence that ommastrephid egg masses settle at pyc-
noclines (Puneeta et al. 2015). According to Staaf et al. (2011), D. gigas embryos
successfully hatch at 25°C but not 30°C with developmental rate increasing with increas-
ing temperature up to this maximum. Hence, the local temperature environment of the
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egg masses found here facilitated the fastest developmental rate within their thermal
window.

The egg masses documented in this study (69-141 cm diameter) were smaller
than that reported by Staaf et al. (2008) in June 2006. This resulted in egg number
estimates one to two orders of magnitude lower. Our photographic estimate of egg
density probably provided a more accurate measurement than our collecting jar
estimate due to the challenge of filling a collecting jar with a representative sample
of an egg mass. Hence, the difference in egg number estimates between this study
and Staaf et al. (2008), which used the collecting jar technique, may be an under-
estimate. Even if the egg density were the same between the two studies, the
smaller egg masses in this study were 13 times less fecund due to the size difference
alone.

This difference in egg mass size is likely because the squid from the present study
were small-sized, whereas squid from the 2006 study were large-sized (Arkhipkin et al.
2015). Egg mass size and egg number appear proportional to body size in D. gigas. Since
egg masses are composed primarily of jelly from the nidamental glands (Kimura et al.
2004), it is to be expected that egg mass size scales with body size. Large-sized
individuals have larger nidamental glands and probably more eggs in their oviducts
than small-sized individuals, and so are able to produce more jelly (Markaida and Sosa-
Nishizaki 2001; Markaida 2006; Nigmatullin and Markaida 2009).

The scaling of potential fecundity (number of oocytes in ovaries) with body size has
been well examined for D. gigas (Nigmatullin et al. 2001; Nigmatullin and Markaida
2009). The scaling of actual fecundity (number of eggs spawned over an individual’s
lifetime), however, requires knowledge of both the number of eggs in each mass (this
study) and number of spawned masses by an individual female in her lifetime.
Observations of spent females or comprehensive observations of a female’s spawning
history are still required to empirically estimate actual fecundity.

The egg masses documented here were similar in size to captively spawned I
illecebrosus, T. pacificus and wild N. gouldi and S. pteropus egg masses (Figure 2(a);
O’Dor and Balch 1985; Laptikhovsky and Murzov 1990; O'Shea et al. 2004; Puneeta
et al. 2015). The high variability in egg mass size in this study (69-141 cm) can be due
to a number of factors, in addition to the variation in female size, including number of
eggs in the oviducts, quantity of nidamental gland jelly, or interrupted spawning
(Puneeta et al. 2015, 2016).

The El Niflo Southern Oscillation is an important driver of interannual SST variability in
the Gulf of California (Robles and Marinone 1987) and modulator of the population
distribution of Dosidicus gigas size-at-maturity (Arkhipkin et al. 2015). The higher propor-
tion of small-sized females maturing during an El Nifio event will produce egg mass
batches with fewer young.

Embryos and paralarvae

This study provides the first indication of the spatial and temporal variability of
ommastrephid egg mass spawning activity in the wild. Egg masses were not
observed during the first 8 days (13 dives) nor during the last 2 days (four dives)
of on-site surveying. All six egg masses were observed during a 3-day window (on
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three of four dives). By comparing the embryo stages to the known developmental
rate in T. pacificus (Watanabe et al. 1996), we estimated that the egg masses were
spawned within a 5-day period (Figure 3(c)). This period may be shorter since the
incubation temperature for these eggs was 4-5°C higher than the incubation tem-
perature used by Watanabe et al. (1996). However, the time to hatching for D. gigas
at 18°C is nearly twice as long as T. pacificus at 20°C (Staaf et al. 2011), so the ages
estimated here may also be conservative. Most of the spawning time estimates were
during the day, which contradicts observations in captivity that indicate ommastre-
phid squids tend to spawn at night or the early morning (von Boletzky et al. 1973;
Chesalin and Giragosov 1993; Staaf et al. 2008). Furthermore, D. gigas are diel vertical
migrators, typically inhabiting surface waters, where these egg masses were
observed, only at night (Gilly et al. 2006; Seibel 2015). Regardless, it is very likely
that these spawning events occurred within a few days.

The narrow observation window (3 days) within the broader search window (14 days)
suggests that egg mass spawning activity is temporally and/or spatially patchy. The Gulf
of California is a highly dynamic environment with constantly moving water masses
(Robles and Marinone 1987; Kahru et al. 2004). Hence, the patchiness of our stationary
observations may have been dominated by spatial rather than temporal variation in egg
mass spawning events. Females may have spawned egg masses close to existing egg
masses, a behaviour well documented in loliginid (Arnold 1962; Larcombe and Russell
1971) and sepiolid (Deickert and Bello 2005; Laptikhovsky et al. 2008) squids and
cuttlefish (Hall and Hanlon 2002). Alternatively, as mature females were caught consis-
tently throughout the 14-day search window but egg masses were only found on 3 days,
there may be temporal patchiness to spawning activity as well.

All sampling in this study was done at one spatial location (< 5 km range) within
Guaymas Basin in the Gulf of California. Further studies examining egg masses at other
locations within the Gulf of California and the Eastern Tropical Pacific would be helpful
for determining how representative the spatial and temporal variability of egg masses
observed here is for the entire D. gigas population. One egg mass contained hatched
paralarvae, and it was the only mass that had an opaque region along the bottom of the
mass, described by one diver as appearing ‘torn’. This may be similar to the ‘whitish
strands’ described by Staaf et al. (2008) in an egg mass that contained Stage 25 embryos.
Both of these egg masses were near the end of their lifespan. Hence, the white opaque
regions may be areas of disintegration (Pandey Puneeta, pers. comm.).

Although the absolute age of the paralarvae found on 29 May is unknown, they had a
notably shorter proboscis (fused tentacles) than the 3- to 6-day-old paralarvae observed
by Staaf et al. (2008) or the 1- to 4-day-old paralarvae raised by Yatsu et al. (1999) at
cooler temperatures. As proboscis length increases with age, this suggests that the
present paralarvae were younger, perhaps less than 1 day post hatching. Todarodes
pacificus paralarvae hatching from captively spawned egg masses only spent about
2 hours in the egg mass before swimming out towards the surface (Puneeta et al.
2015). The paralarvae in the present study, however, may not have been healthy, as
indicated by their very low mantle contraction rates (0.1-0.4 Hz versus 2.2-4.2 Hz in
healthy newly hatched paralarvae; Staaf et al. 2008). It is possible that other healthy
paralarvae hatched and had left the egg mass before we found it.
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The timing of chromatophore pattern development in embryos and paralarvae
observed here differed from the patterns on other ommastrephid squids. For example,
in T. pacificus, two rows of chromatophores first develop on the anterior mantle at Stage
21 (Watanabe et al. 1996), but chromatophores were not yet developed in Stage 21
D. gigas (Figure 4(c)). Furthermore, the hatched D. gigas paralarvae in this study had two
to three rows of chromatophores, a pattern intermediate between the patterning of
embryonic T. pacificus stages 21 and 22, which are still 1-2 days from hatching. This
relatively delayed chromatophore development has been documented previously. Far
fewer chromatophores were present on 6-day old D. gigas paralarvae than on 5-day-old
I illecebrosus paralarvae that were incubated in 5°C cooler seawater (Durward et al. 1980;
Yatsu et al. 1999).

Associated biota

The nidamental jelly that composes ommastrephid egg masses has typically been
considered an effective guard against predators and parasites ranging from bacteria,
protozoans and fungi to crustaceans and fishes (Bower and Sakurai 1996; O’Shea et al.
2004; Staaf et al. 2008). Our finding of both ciliate and amphipod taxa casts doubt on the
effectiveness of the jelly for deterring all biota.

Ciliate contamination has been reported before for /llex illecebrosus egg masses held
in captivity (Durward et al. 1980). Ciliates were observed living on non-viable embryos in
‘high concentrations’. Our study demonstrates that ciliate contamination is not an
artefact of captivity, but a naturally occurring phenomenon in ommastrephid squid
egg masses. Upon hatching, paralarvae may consume ciliates as a food source by
aggregating ciliates and other microbes in the mucus coating their body surface (Vidal
and Haimovici 1998). For newly hatched paralarvae who are not yet able to actively
capture prey, ciliates may be an important food source. Hence ciliate infestation in the
egg mass may be an early food source for hatchlings.

However, the scuticociliate clade found on these egg masses is different from
most bacteriophagous ciliates (Sherr and Sherr 1987) in that some species are
histophagous, or tissue eating. Mesanophrys, one of the genera found in this study,
are known parasites of crustaceans (Messick and Small 1996; Morado et al. 1999).
Scuticociliates are only facultative parasites, so we are unable to distinguish whether
they had a pre-mortality negative impact on embryos or if they were feeding on
bacterial growth around decomposing embryonic tissue. Manipulative experiments
examining the effect of ciliate presence on embryonic mortality would be helpful for
clarifying this interaction. It is unknown whether the ciliate source is from the
seawater used in forming the egg mass, the female’s reproductive tract, or ambient
seawater during embryonic incubation.

One of the three amphipod taxa found on egg masses in this study, Parascelus sp.,
are known parasites of siphonophores in the Gulf of California (Gasca and Haddock
2004). Hyperiid amphipods, including members of the family Hyperiidae that were
found on the majority of egg masses, are frequent parasites of gelatinous zooplank-
ton (Dahl 1959; Boonstra et al. 2015), which could include squid egg masses in this
region.
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To our knowledge, this is the first documentation of biota associated with wild
ommastrephid egg masses. Parasites can affect population dynamics of cephalopods
(Pascual et al. 2007) and have been shown to lead to economic losses for ommastrephid
fisheries (Pascual et al. 1998).
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Appendix
Primers used for DNA amplification

Squid COX1 primers (Folmer et al. 1994)

LCO_1490
GGTCAACAAATCATAAAGATATTGG
HCO_2198
TAAACTTCAGGGTGACCAAAAAATCA

Amphipod 18S primers (Ito et al. 2008)

Amphipod 18F
CCTACCTGGTTGATCCTGCCAGT
Amphipod 18R
TAATGATCCTTCCGCAGGTT

Ciliate 18S primers (Lara et al. 2007)

Cil-f
TGGTAGTGTATTGGACWACCA
cil-r
TCTGATCGTCTTTGATCCCTTA
1391F

GTACACACCGCCCGTC

EukB
TGATCCTTCTGCAGGTTCACCTAC
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