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The Gulf of Mexico Scientific and Environmental ROV Partnership using Existing iNdustrial Technology (Gulf SERPENT)
Project utilizes industrial work-class ROVs based at oceanic oil and gas facilities for scientific research and exploration.
During Gulf SERPENT operations, an ROV documented the first in situ observations of Gigantura chuni at a depth of
approximately 900 m in the northern Gulf of Mexico. The fish were identified to genus by the length of the caudal fin
ventral lobe relative to standard length, reflectance from crystalline guanine, and relative mouth size to the head
length. The width-length ratios suggest G. chuni as the species (approximately 1:5 for adult G. chuni vs. 1:10 for adult G.
indica). The videos provided the second known in situ observation of giganturids and the first of G. chuni. The first video
clearly shows two individuals in close proximity, with both oriented vertically in the water column; a second video clip
shows a single individual at a slightly shallower depth, and also oriented vertically in the water column. An odds ratio
comparison for collections of G. chuni and G. indica from the DEEPEND program to fitted theoretical distributions was
used to preliminarily analyze the probability of encountering various numbers of individuals in a single-sample effort.
Groups of two individuals, and in particular even number groupings, were encountered during the DEEPEND program
sampling more often than would be expected based on theoretical distributions for both G. chuni and G. indica,
suggesting pair-bonding may be a likely reproductive strategy complementing synchronous hermaphroditism in
giganturids.

W
HILE the mesopelagic and bathypelagic regions
of the ocean are known to harbor an enormous
reservoir of biodiversity (Robison, 2004; Rex and

Etter, 2010), our ability to study and document resident
organisms is limited by the availability of appropriate
sampling and observational systems, and by the sheer
volume of water that needs to be sampled. The ichthyofauna
below 200 m occurs in relatively low densities, is patchily
distributed (Ross et al., 2010), and may exhibit strong
avoidance behaviors (Kaartvedt et al., 2012). Nets have
continually expanded the knowledge of biodiversity from
the surface to the benthos beginning with the HMS
Challenger. Nets and trawls can provide physical samples of
fishes, but they cannot provide behavioral context nor a
means of inferring spatio-temporal associations. Recent
advances in digital video technology and robotics have
added a secondary, non-invasive method of sampling the
mesopelagic and bathypelagic regions (Robison, 2009), and
remotely operated vehicles (ROVs) equipped with camera
systems provide observations of living organisms that
complement the physical samples provided by nets.

The Giganturidae (Aulopiformes: Teleostei), commonly
known as telescopefishes, is a family of mesopelagic and
bathypelagic (deep-pelagic, hereafter) fishes comprising two
congeneric species. Gigantura indica Brauer, 1901 is typically
longer (x̄¼ 20.3 cm SL) than the shorter, more robust G. chuni
Brauer, 1901 (x̄ ¼ 15.6 cm SL; Walters, 1961; Johnson and
Bertelsen, 1991). Both species have cylindrical bodies with
moderately large heads that can exceed 12% of the standard
length (SL) of the fish (Tomiyama et al., 2008). The common
name for the family derives from the forward-pointing,
‘‘telescopic’’ eyes with large lenses. Eye lengths for G. indica
have been measured to be as much as 3.3% of the SL of the
individual (Tomiyama et al., 2008). The large mouth has a

dentary that is forked posteriorly with two rows of sharp, fang-
like recurved teeth (Fig. 1A) that are larger in the medial row
than the lateral row, and the toothed upper-bone of the jaw is
described as a dermopalatine and not a premaxilla or maxilla
(Konstantinidis and Johnson, 2016). As in all aulopiforms,
giganturids lack a swim bladder and have a distensible
stomach (Johnson, 1984; Baldwin and Johnson, 1996). The
ventral lobe of the caudal fin is longer than the SL of the fish
as an adult (Chun, 1900; Johnson and Bertelsen, 1991).

Both Gigantura chuni and Gigantura indica are distributed
throughout the tropical and warm-temperate oceans, from
208N to 108S for G. chuni and from 308N to 308S for G. indica,
within the deep-pelagic zone (200 to .1000 m depth),
including the western Atlantic and Gulf of Mexico (Johnson
and Bertelsen, 1991; McEachran and Fechhelm, 1998; Nunoo
et al., 2015). Giganturids have been documented primarily
from net sampling. Prior to the observation in this
manuscript, a single video observation of two G. indica was
observed at a depth of 1214 m in the Pacific Ocean off Hawaii
(Monterey Bay Aquarium Research Institute [MBARI], https://
youtu.be/rDJD-VaZ4A8). In the video the two individuals are
in close proximity and oriented vertically with their heads
upwards in the water column. The vertical orientation is
thought to take advantage of the large tubular eyes to
silhouette prey against light penetration at depth (Konstan-
tinidis and Johnson, 2016). In this paper we describe the first
in situ observations of G. chuni, comprising two video
observations: the first video is of two G. chuni, and the
second is a solitary individual from the northern Gulf of
Mexico.

MATERIALS AND METHODS

The Gulf of Mexico Scientific and Environmental ROV
Partnership using Existing iNdustrial Technology (Gulf
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SERPENT) Project is a regional component of the global
SERPENT Project. On the morning of 30 January 2015, an
industrial ROV, operated by Oceaneering and working under
contract for Petrobras-America, was conducting routine work
at the site of a well being drilled in the Walker Ridge 469 lease
block (26.528N, 90.538W). The ROV was deployed from a
drillship (M/V Titanium Explorer operated by Vantage Dril-
ling). At 0822 hrs (local time GMTþ6), the ROV encountered
two fish at a depth of 897.6 m. The ROV approached the fish
and recorded video (240i) of the fish for a period of 2 min.
After losing visual observation of the targets, the ROV
continued with its industrial tasking. Two minutes forty
seconds after losing sight of the initial two fish, and at a
depth of 894.6 m, the ROV encountered a single giganturid,
and again recorded video (240i) of the animal for a period of
1.75 min.

Although the ROV was equipped with a standard defini-
tion (480i) camera, the recorded videos were down-sampled
to a low resolution when archived. We attempted to enhance
the quality of the captured still images by isolating video
frames using MPEG Streamclip software. These frames were
then deinterlaced in Adobe Photoshop and then the

resolution was increased using PhotoZoom Pro software.
Although the ROV did not have laser scalers nor an alternate
means of estimating the sizes of the fish, measurements were
made on pixel length using Image J software to compare
relative sizes of body parts for the identified fish. The original
video files are provided and available at: Video 1: https://
youtu.be/pU-dQdg4I5c; Video 2: https://youtu.be/
V8f5jsq3feo.

In order to evaluate whether either species of Gigantura
occurred in higher frequencies in groups of two, or multiples
of two rather than as solitary individuals, we used a statistical
approach that involved fitting observed numbers to a
theoretical distribution. Observed-number data were ob-
tained from the biotic database of the DEEPEND program
(www.deependconsortium.org), a large-scale sampling and
analysis program with a primary goal of censusing the deep-
pelagic assemblages of the northern Gulf of Mexico, from the
surface to bathypelagic depths. Sampling was conducted
with a 10 m2 mouth area MOCNESS trawl (Wiebe and
Benfield, 2003), with discrete-depth, volume-metered sam-
ples collected between 0–200 m, 200–600 m, 600–1000 m,
1000–1200 m, and 1200–1500 m depths. A detailed descrip-

Fig. 1. Images from still shots and video of Gigantura chuni. (A) Image of the mouth showing recurved teeth and tubular eyes of Gigantura chuni
collected by the DEEPEND project in the Gulf of Mexico. Copyright: 2016 DEEPEND/Dante Fenolio. (B) A set of two Gigantura chuni observed during
Gulf SERPENT operations on 30 January 2015 at a depth of 897.6 m in the Gulf of Mexico. (C) A single Gigantura chuni encountered during Gulf
SERPENT operations on 30 January 2015 at a depth of 894.6 m. (D) The Gigantura chuni from Gulf SERPENT at a depth of 894.6 m that shows the
head and mouth length.
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tion of the sampling methodology is provided in Burdett et
al. (2017). The data were truncated to reflect the adult
population of giganturids, which included all individuals
greater than or equal to 100 mm SL. The number of G. indica
and G. chuni collected in each sample from the DEEPEND
program were fit to discrete distributions using the geometric
and negative binomial with the fitdistrplus package (v. 1.0-9;
Delignette-Muller and Dutang, 2015) for R (v. 3.4.3; R Core
Team, 2017). The fit of the two distributions to the data were
compared using Akaike’s Information Criteria (AIC; Akaike,
1981; Posada and Buckley, 2004). The odds ratio was
calculated as the odds of collecting the number of G. indica
or G. chuni found in the sampling program, compared to the
odds expected from the determined discrete distributions fit
from the data. The upper and lower 95% confidence intervals
for the parameters of the geometric and negative binomial
distributions were estimated (Park and Lord, 2008) and odds
ratio upper and lower bounds calculated, with odds ratio
confidence intervals that include the value of one having no
significant difference in probability of occurrence than the
fitted distributions.

RESULTS

Video observations.—The first video encounter with two
Gigantura chuni occurred at 897.6 m, when their silvery
bodies reflected the lights from the ROV. The two fish were in
extremely close proximity to each other and oriented
vertically, with their heads pointing almost directly upwards
(Fig. 1B). The ventral lobes of the caudal fins of both fish
were longer than their SL in the video. Relative measure-
ments of caudal fin length to SL were approximately 176%
for the fish to viewer’s left and 183% for the fish to viewer’s
right (Fig. 1B). The encounter ended when the thrusters of
the ROV disturbed the fish and they swam up vertically and
out of the field of view of the camera.

The second observation was of a single Gigantura chuni,
and it afforded a clearer overall image (Fig. 1C). This fish was
observed at a slightly shallower depth of 894.6 m, compared
to the original two (897.6 m), and was also detected due to
the high reflectivity of the ROV’s lights on its body. It was
also oriented vertically in the water column, with the head
facing nearly directly toward the surface. When the ROV’s
lights shifted so that it was illuminated obliquely, the body
appeared dark gray to dark brown (Fig. 1D). The fish was
undulating its pectoral fins in a labriform swimming motion
to maintain posture or position in the water column. The
relative measurement of the lower lobe of the caudal fin
compared to SL was approximately 190% for the sole target
in the video (Fig. 1C). Other relative measurements show
relationships compared to SL of 18.4% for jaw length and
17.2% for largest body depth. The encounter ended when the
thrusters of the ROV disturbed the fish and it swam shallower
in the water column and out of the field of view.

Pair-bonding in a deep-pelagic fish.—The structure of the
DEEPEND sampling data (Table 1) was distinctly non-normal
for counts of Gigantura indica and Gigantura chuni. For G.
indica, the negative binomial (AIC: 380.24) distribution
showed a better fit to the data than the geometric (AIC:
424.84) distribution; however, both fits were relatively well
fit to the catch data. The data for G. chuni showed the same
relationship, with the negative binomial (AIC: 322.55)
distribution having a better fit than the geometric (AIC:
366.10) distribution, and both had strong fits to the data.

There was no monthly or seasonal pattern of encountering
more than one giganutird during the DEEPEND sampling
program.

Generally, the odds ratio for the geometric distribution for
Gigantura indica showed even numbers to occur more
frequently than expected, and the odds ratio for the negative
binomial distribution showed patches to be more likely. The
odds ratio for counts of G. indica compared to the geometric
distribution show that single animals, groups of two, and
counts of four, six, and seven have occurred significantly
more often than expected. Counts for G. indica of three, five,
and eight occurred significantly less than expected (Fig. 2A).
With the negative binomial distribution, singles, twos, and
counts of six and seven occurred significantly more often
than expected, and counts of eight individuals occurred as
expected. Counts of three, four, and five individuals in a
single sample occurred less often than would be expected
(Fig. 2A).

For Gigantura chuni, the odds ratio for the geometric and
negative binomial distributions generally had the same
pattern. The odds ratio comparing counts to the geometric
expectations showed singles, groups of two, and counts of
eight to have been collected significantly more often than
would be expected (Fig. 2B). Counts of three, four, and six
were encountered as expected, and counts of five and seven
occurred less often than expected. The odds ratio for counts
of G. chuni compared to the negative binomial distribution
showed single animals, sets of two, and counts of eight
occurring significantly more than expected. Collections of
six and seven showed no difference to the expected number
of times encountered, and counts of three, four, and five
occurred significantly less often than expected (Fig. 2B).

DISCUSSION

The morphology of the initial grouping of two and the
solitary fish in the videos are consistent with that of
Gigantura, and the length-width ratios strongly suggest G.
chuni. Width versus length ratios of the observed fish were
near 1:5, whereas ratios for G. indica would be expected to be
near 1:10 (McEachran and Fechhelm, 1998). All three
individuals had a caudal fin with a ventral lobe that was
longer than the SL for each individual (Chun, 1900; Johnson
and Bertelsen, 1991). Their bodies were highly reflective of
the ROV lights, as would be expected from the silvery,
crystalline guanine layer known to characterize giganturid
skin (Johnson and Bertelsen, 1991).

The depths of the two video encounters are consistent with
previous records for Gigantura, but the use of non-stratified
sampling gear makes it impossible to assign a specific
collection depth for many historical records. The two video
records reported here from Gulf SERPENT operations were at
depths of approximately 900 m, and the observation of G.
indica near Hawaii by MBARI was recorded within the Video

Table 1. Counts for number of fish caught, with a SL greater than or
equal to 100 mm, for individual sampling efforts during the DEEPEND
program in the Gulf of Mexico for both Gigantura chuni and Gigantura
indica.

Taxon

Number of fish caught

1 2 3 4 5 6 7 8

Gigantura chuni 33 27 12 11 1 3 1 2
Gigantura indica 38 21 7 12 4 6 3 1
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Annotation Reference System (VARS; Schlining and Stout,
2006) at a depth of approximately 1200 m.

In both videos the fish were oriented vertically with their
heads upwards with the caudal fins stationary until dis-
turbed. The only other in situ observation, a set of two
Gigantura indica observed off Hawaii, also showed the fish
oriented vertically with heads pointed upwards (Schlining
and Stout, 2006). We speculate, as have others (e.g., Johnson
and Beterlsen, 1991; Konstantinidis and Johnson, 2016), that
this is the usual posture for these fishes in order to silhouette
prey against dim, down-welling light while minimizing their
own silhouette to potential predators below. This behavior of
orienting vertically in the water column and development of
tubular, vertical pointing eyes is a unique character suite of
deep-pelagic taxa (Barham, 1970; Land, 2003; Warrant et al.,
2003; Cronin et al., 2014).

Giganturids are reported to be synchronous hermaphro-
dites (Johnson and Bertelsen, 1991), and it is notable that
one of our observations and the only other in situ
observation by MBARI show two fish in close proximity.
Although little is known about their particular reproductive
behavior, similar hermaphroditism is seen in other fishes
(Shapiro, 1979). In particular, synchronous hermaphroditism
allows for each individual to provide both male and female
gametes to the other. This reproductive method allows for
genetic exchange across both individuals, and doubles the
number of potential larvae versus dioecious reproduction
(Smith, 1975; Sadovy and Shapiro, 1987). In an environment
where encountering another individual of the same species
may have a low probability, this reproductive strategy would
be important for maximizing the encounters that do occur;
however, the duration of pairing would need to be addressed
using genetic markers and comparative analyses for adults
and larvae. Gulf SERPENT also documented a similar
observation of two fish that appeared to be members of the
family Paralepididae in close proximity, and similar observa-
tions of higher frequencies of sets of two were noted with
dragonfishes during the DEEPEND program (unpubl. data).
For the analyzed Gulf of Mexico data on both Gigantura
indica and Gigantura chuni, the odds ratio of encounter for
even numbers, suggesting pairing, was generally significantly

higher than the expected distribution. Moreover, except for
individual animals, odd numbers occurred generally with no
difference from the expected distribution, or at odds ratios
suggesting they were sampled less often than would be
expected. Future work to determine the exact underlying
distributional relationship in expectation of encounter for
deep-pelagic fishes should be further conducted.

The regional Gulf SERPENT, and the larger global SERPENT
Project, represent an opportunity for in situ observations of
rare taxa that otherwise would be difficult or impossible to
image due to the paucity of submersible assets available to
academia. Moreover, the ability to observe the fauna, in the
environment, allows some information about behavior to be
obtained along with precise depth information. While the
video resolution used to record the present observations was
lower than desired, many new systems participating in Gulf
SERPENT utilize HD video systems that provide much clearer
images of the animals that inhabit this underexplored part of
the deep sea. Analysis of the DEEPEND program data suggest
that pair-bonding may be an important reproductive strategy
for giganturids. More work on determining the statistical
spatial distribution and probability of encounter should be
done to further determine potential groupings of giganturids
and other deep-pelagic taxa with similar life history strate-
gies.

DATA ACCESSIBILITY

The dataset supporting the conclusions of this article is
available through the Gulf of Mexico Research Initiative
Information and Data Cooperative (GRIIDC) at https://data.
gulfresearchinitiative.org (doi: 10.7266/N7VX0DK2, 10.
7266/N7R49NTN, 10.7266/N70P0X3T, 10.7266/N7XP7385,
and 10.7266/N7902234). Supplemental videos 1 and 2 are
available at https://www.copeiajournal.org/ce-18-034, as well
as on YouTube as listed in the Materials and Methods above.
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