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ABSTRACT

Fish lengths are important for resource assessment and management,
particularly when methods to obtain age or weight are impractical or
harmful to the resource.  Underwater videos are commonly used to monitor
fisheries because they are less invasive than other sampling methods.
However, because of a fish’s continuous lateral flexion while swimming
and angle to the viewer, its length is often difficult to estimate from videos.
In many cases, vertical morphometric parameters may be measured more
accurately than horizontal parameters.  To evaluate vertical parameters
as predictors of length, regression equations were developed for species
observed in underwater videos along the California coast, including kelp
greenling, Hexagrammos decagrammus, lingcod, Ophiodon elongatus,
black rockfish, Sebastes melanops, and blue rockfish, S. mystinus.  A
separate regression was calculated for combined rockfish, Sebastes spp.,
to serve as a monitoring tool until sufficient samples are collected for
more specific regressions.  Species combined were gopher rockfish, S.
carnatus, copper rockfish, S. caurinus, black and yellow rockfish, S.
chrysomelas, yellowtail rockfish, S. flavidus, quillback rockfish, S. maliger,
black rockfish, S. melanops, vermilion rockfish, S. miniatus, blue rockfish,
S. mystinus, China rockfish, S. nebulosus, canary rockfish, S. pinniger,
and olive rockfish, S. serranoides.  Vertical parameters were depth at mid-
orbit, depth at pelvic fin origin, depth at anal fin origin, and least depth at
caudal peduncle.  Relationships between each vertical parameter and fork
length were strongly correlated for individual species (r  > 0.973) and
combined rockfish species (r > 0.947).
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INTRODUCTION

Fish length measurements are important for resource assessment and management
(Petrell et al. 1997; Harvey et al. 2001a, 2002b; Cadiou et al. 2004), including evaluation of
population age structure and biomass for harvest regulations and habitat protection.  Fish
lengths are particularly useful when methods to obtain age or weight are impractical as part
of a sampling program (Karpov et al. 1995).  Less invasive monitoring tools have been
identified as priorities for collecting length or age data (Naiberg et al. 1993; Robins et al.
2000; Harvey et al. 2003).  Researchers have used various techniques, including underwater
video and still images (Klimley and Brown 1983; Naiberg et al. 1993; Harvey and Shortis
1996; Petrell et al. 1997; Love et al. 2000, 2006; Yoklavich et al. 2000, 2002; Harvey et al. 2001a,
b, 2002a, b, 2003; Cadiou et al. 2004; Rochet et al. 2006).  However, length is often difficult to
estimate from videos because of continuous lateral flexion and variable orientation of
swimming fishes toward the camera (Klimley and Brown 1983; Naiberg et al. 1993; Harvey et
al. 2002a, 2003; Rochet et al. 2006).

Measurements of live fish (Naiberg et al. 1993; Harvey et al. 2002b, 2003), artificial
models (Harvey et al. 2002b; Rochet et al. 2006), dorsal views of swimming fish (Klimley and
Brown 1983), and allometric relationships of squid (Zeidberg 2004), dolphins (Bräger and
Chong 1999), and whales (Ratnaswamy and Winn 1993; Dawson et al. 1995) have been
evaluated for length estimation in photographs or videos.  Accuracy and precision of
length measurements decline substantially when fish models are oriented 60 degrees or
more away from the camera (Harvey et al. 2002b).  Techniques that provide depth perception
such as visual estimates by divers and stereoscopic cameras (e.g., Harvey et al. 2002a, b;
Yoklavich et al. 2000, 2002) still do not correct for angle of incidence.  Current methods are
also limited to simultaneous views of the head and tail (Harvey et al. 2002b), suggesting the
need to evaluate whether vertical morphometric parameters at various points along the
lateral axis may be used to estimate length.

The vertical axis of a fish is typically oriented perpendicular to the bottom either because
of swim bladder position (e.g., scorpaenids) or behavioral orientation to the substrate (e.g.,
hexagrammids).  Assuming perpendicular orientation, and given the camera angle relative
to the bottom and distance to a fish, actual height can be measured with a trigonometric
function.  If equations can be developed from vertical parameters to predict length, then
these parameters may be used as surrogates for length in video analysis.  In any given
video image, the clearest view of a fish may include only the anterior, middle, or posterior
body region.  Therefore, vertical parameters should be evaluated at various locations along
the lateral axis.  Given improvements in video and photographic quality, even relatively
small features such as caudal peduncle depth may become a practical proxy for body
length.  The impetus for this research was the need to estimate biomass by species in
addition to fish counts obtained from underwater video surveys.  The objective of this
study was to publish fish lengths and vertical parameters for a subset of nearshore species
observed in video surveys along the coasts of California and Oregon.  Reported here are
results for kelp greenling, Hexagrammos decagrammus, lingcod, Ophiodon elongatus,
black rockfish, Sebastes melanops, and blue rockfish, S. mystinus.  Results are also reported
for 11 combined rockfish, Sebastes spp., to serve as a monitoring tool until sufficient
samples are collected for more specific regressions.  Combined species include gopher
rockfish, S. carnatus, copper rockfish, S. caurinus, black and yellow rockfish, S. chrysomelas,
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yellowtail rockfish, S. flavidus, quillback rockfish, S. maliger, black rockfish, S. melanops,
vermilion rockfish, S. miniatus, blue rockfish, S. mystinus, China rockfish, S. nebulosus,
canary rockfish, S. pinniger, and olive rockfish, S. serranoides.  These results, once
published, will then be applied in situ to further evaluate their utility in estimating length.

METHODS

Measurements

All parameters were measured to the nearest millimeter with calipers for vertical
parameters and measuring boards for length.  Vertical parameters were measured at four
locations:  depth at mid-orbit; depth at pelvic fin origin; depth at anal fin origin; and least
depth at caudal peduncle (Fig. 1).  Fork length was measured from the most anterior part of
the closed mouth to the center of the fork (e.g., Holt 1959; Laevastu 1965; Miller and Lea
1972; Anderson and Gutreuter 1983), or to the median caudal rays for fish without forked
tails.

Figure 1.  Vertical parameters measured on fish species observed in underwater videos along the
California coast. (MO = depth at mid-orbit; PV = depth at pelvic fin origin; AN = depth at anal fin origin;
CP = least depth at caudal peduncle)

Samples

Attempts were made to cover a wide range of sizes greater than or equal to 110 mm
(Chen 1971).  Fresh and preserved samples and sexes were combined (Chen 1971; Karpov
and Kwiecien1 1988a).  Preserved specimens were measured from the California Academy of
Sciences collection on 23 and 24 June 2008.  Fresh specimens were measured from sport and
commercial catch in Crescent City (29 May 2008), Eureka (11 Jun 2008), Santa Cruz (28 Jun
2008), and Fort Bragg (10 Aug 2008), California.

Analyses

Following database entry and verification by two individuals, original measurements
were plotted for exploratory analysis and detection of possible errors.  Dependent and
independent variables, fork length and vertical measurements, respectively, were transformed

1Karpov, K. and G. Kwiecien.  1988a.  Conversions between total, fork, and standard lengths for 41
species in 15 families of fish from California using fresh and preserved specimens. California
Department of Fish and Game, Marine Resources Administrative Report No. 88-9.  14 pp.
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using natural logarithms to reduce heteroskedasticity of variance around the dependent
variable (Snedecor and Cochran 1989, p. 290).  For each species, four regressions were
calculated, one for each vertical variable against fork length.

RESULTS

Initial plots (Figs. 2-6) indicated no outliers in our data.  For single species, each vertical
parameter correlated highly with fork length (Table 1; r > 0.973).  The lowest correlation with
fork length was depth at mid-orbit for black rockfish, and the highest was depth at pelvic fin
origin for lingcod (Table 1; r  = 0.997).  Vertical parameters and fork length were also highly
correlated for combined rockfish (Table 1; r > 0.946), with depth at mid-orbit having the
lowest correlation and depth at anal fin origin having the highest (Table 1; r  = 0.975).

Figure 2.  Scatter plots of non-transformed fork lengths and vertical parameters for kelp greenling.
(MO = depth at mid-orbit; PV = depth at pelvic fin origin; AN = depth at anal fin origin; CP = least depth
at caudal peduncle)
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Figure 3.  Scatter plots of non-transformed fork lengths and vertical parameters for lingcod. (MO =
depth at mid-orbit; PV = depth at pelvic fin origin; AN = depth at anal fin origin; CP = least depth at
caudal peduncle)
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Figure 4.  Scatter plots of non-transformed fork lengths and vertical parameters for black rockfish.
(MO = depth at mid-orbit; PV = depth at pelvic fin origin; AN = depth at anal fin origin; CP = least depth
at caudal peduncle)
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Figure 5.  Scatter plots of non-transformed fork lengths and vertical parameters for blue rockfish.
(MO = depth at mid-orbit; PV = depth at pelvic fin origin; AN = depth at anal fin origin; CP = least depth
at caudal peduncle)
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Figure 6.  Scatter plots of non-transformed fork lengths and vertical parameters for combined
rockfish (gopher rockfish, copper rockfish, black and yellow rockfish, yellowtail rockfish, quillback
rockfish, black rockfish, vermilion rockfish, blue rockfish, China rockfish, canary rockfish, and olive
rockfish). (MO = depth at mid-orbit; PV = depth at pelvic fin origin; AN = depth at anal fin origin; CP =
least depth at caudal peduncle)
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Table 1.  Sample number, vertical size range, and regression equation values for predicting
fork length from vertical parameters of kelp greenling, lingcod, black rockfish, blue rockfish,
and combined rockfish (gopher rockfish, copper rockfish, black and yellow rockfish,
yellowtail rockfish, quillback rockfish, black rockfish, vermilion rockfish, blue rockfish, China
rockfish, canary rockfish, and olive rockfish).  (MO = depth at mid-orbit; PV = depth at pelvic
fin origin; AN = depth at anal fin origin; CP = least depth at caudal peduncle)
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DISCUSSION

We selected four vertical parameters based on their previous use by researchers,
feasibility of obtaining precise measurements, and practicality of measuring these parameters
from video data in the future.  For example, in sample videos of live fish in their natural
habitat, pelvic fin origin was easier to determine than was the posterior gill margin or the
dorsal fin origin.  Morphometrics widely used for a variety of taxa are depth at pelvic fin
origin (e.g., Phillips 1957; Miller 1988; Chen and Shao 1996), depth at anal fin origin (e.g.,
Phillips 1957; Holt 1959; Laevastu 1965; Miller 1988; Chen and Shao 1996), and least depth
at caudal peduncle (e.g., Phillips 1957; Holt 1959; Laevastu 1965; Miller 1988; Kottelat 1990;
Chen and Shao 1996; Compagno 2001; Coelho and Erzini 2008).  Systematists have measured
body depth at the anterior margin of the orbit (Kottelat 1990) and from the orbital crest
down through the center of the pupil (Holt 1959; Laevastu 1965); however, mid-orbit depth
from the top of the head (North et al. 2002) was seen more easily in sample videos.  Depth
at mid-orbit was not measured when branchiostegal rays were locked in a flared position,
obstructing measurement.  We therefore had the fewest samples for this parameter (Table
1).  This factor may also limit the utility of depth at mid-orbit as a predictor of length from
videos of the anterior body region.  Depth at mid-orbit and least depth at caudal peduncle
lack defined reference marks, which may also increase the likelihood of error in measurements
(Harvey et al. 2003).  Another possible limitation is that these measurements are small
relative to length.  Nevertheless, the two parameters were observed in videos of the anterior
and posterior body regions and were measured in anticipation of technological advancements
improving video resolution or for applications using still photography.

We chose fork length because it is consistent with other protocols for monitoring
marine fish species (e.g., Holliday et al.2 1987) and is practical for visual data.  Extreme or
maximum total length, measured to the end of the pinched tail (Holt 1959; Laevastu 1965;
Anderson and Gutreuter 1983), has also been used as a standard (e.g., Holt 1959; Hubbs
and Lagler 1959; Miller and Lea 1972; Karpov and Kwiecien3 1988b; Karpov et al. 1995) but
was not practical for our study which included preserved specimens.  Measurements for
species in our study can be compared to standard length or extreme total length with
conversion equations provided by Echeverria and Lenarz (1984) and Karpov and Kwiecien1

(1988a).  Natural total length is a useful alternative to fork length for video analysis.
Conversions between standard length, fork length, and natural total length are available for
many marine and fresh water fish species (Gaygusuz et al. 2006), but not for species reported
here.  The conversions are important for estimates of biomass because weight-length
relationships for various species have been developed from different body length
measurements.  However, because many species in this study have lobed or squared tails,
natural total length and fork length are identical.  For species with variably forked tails,
differences between fork length and natural or extreme total length may be negligible
concerning the level of accuracy for biomass estimates.  Lengths estimated using visual

2Holliday, M., Deuel, D., and W. Scogen.  1987.  Marine Recreational Fisheries Statistics Survey,
Pacific Coast 1986. U.S. Department of Commerce, NOAA/NMFS Current Fisheries Statistics.
No. 8393. 114 pp.

3Karpov, K. and G. Kwiecien.  1988b.  Marine Recreational Fisheries Statistics Survey for Northern
and Central California. Quarterly Report No. 19, January-March 1984. California Department
of Fish and Game, Marine Resources Administrative Report No. 88-19. 281 pp.
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survey by divers and submersible (Yoklavich et al. 2000, 2002; Love et al. 2000, 2006) most
closely approximate fork length or natural total length but not extreme total length.  Depending
on the study comparison, fork lengths estimated using our methods can be converted to
either standard length or extreme total length (Echeverria and Lenarz 1984; Karpov and
Kwiecien1 1988a) or used as a proxy for natural total length.

Error terms of fork lengths tend to be proportional to the fork length.  For this reason we
used natural logarithm transformations (Snedecor and Cochran 1989).  Variances in the
transformed space are homogeneous, thereby meeting a basic assumption for linear
regression.  However, it should be noted that when anti-logged, transformations can result
in a slightly negative bias in predicted values (fork lengths).  Our lower size limit was likely
to have avoided ranges exhibiting departure from linearity, which has been observed for
some morphometrics in rockfish smaller than 110 mm in length (Chen 1971).  If allometry
existed, the data transformations also allowed for description of those relationships in
linear terms (Huxley 1932; Martin 1949; Chen 1971; Ratnaswamy and Winn 1993; Bräger and
Chong 1999; Zeidberg 2004).  The variation we observed may be explained by geography,
season, sex, measuring precision, or preservation method—factors that were assumed to
have little or no effect on the regressions.  Preservation can shrink fish variably depending
on the solution, duration in solution, and morphometric parameter (Holt 1959).  In a study
on mackerel, body depth shrank more than body length in some solutions (Holt 1959).  If
preservation affected morphometric parameters similarly in our study, the predicted value
(fork length) would be positively biased.  Ideally, the regressions should be calculated from
fresh fish only.  However, we were unable to collect sufficient sample numbers and sizes
from recreational and commercial catch alone, requiring an additional 45% preserved
specimens.  Fresh and preserved specimens have been combined for other morphometric
analyses of rockfish (Chen 1971).  The high correlations (Table 1) we observed indicate that
any biases were minimal.

We had sufficient samples to analyze kelp greenling, lingcod, black rockfish, and blue
rockfish (Table 1).  For other species, either our sample number or the length range was
inadequate to calculate regressions.  However, for our work, lengths by species are still
needed to estimate biomass from videos.  We therefore combined data from several rockfish
species to calculate relationships to be used until more specific regressions are available.
Although the combined regressions include variable rockfish body shapes, from fusiform
(e.g., olive rockfish) to more deep-bodied species (e.g., gopher rockfish), they are useful for
estimation of overall biomass in our study areas.  Biomass estimates may then be updated
by species as more regressions are calculated.

Use of these regressions for estimating length and weight is supported by high
correlations (Table 1).  When possible, predicted fork lengths may also be averaged from
more than one vertical parameter regression.  While absolute accuracy may decrease with
larger fish, the level of discrimination should be appropriate for age structure and biomass
estimates from videos when lengths are corrected for camera distance and tilt angle (Figure
7).  These regressions may also be used to update existing analyses of underwater videos,
in which the most ideal views may be of anterior, middle, or posterior body regions.

Future research should evaluate accuracy and precision of the regressions for estimating
lengths from videos of live, swimming fish with known body measurements.  Evaluations
should also include estimates by experienced divers trained to estimate size by eye, a
technique widely used for visual sampling (e.g., Harvey et al. 2002a, b; Yoklavich et al. 2000,
2002).  True mean length is likely to be underestimated in such surveys because of sinusoidal
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fish movement (Naiberg et al. 1993; Harvey et al. 2002a, 2003; Rochet et al. 2006) and the
unknown angle relative to the viewer (Naiberg et al. 1993).  However, accuracy of vertical
parameters depends on video clarity, regression error, and accurate estimation of camera
angle.
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