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EXECUTIVE SUMMARY

Collections of the Gila robusta complex from the Gila River drainage, New Mexico, were acquired in
an effort to determine the historical distribution of the three taxa that currently comprise this
taxonomic guild (Gila Chub, Headwater Chub, and Roundtail Chub). Study material from the 1930s to
1960s was acquired from the Museum of Southwestern Biology (MSB), University of New Mexico (n =
187), and the University of Michigan Museum of Zoology (UMMZ, n = 96). Supplemental Turkey
Creek Gila sp. collections from 1983, 1984, and 2001 (all MSB) were also examined (n = 102). The
1983-1984 Turkey Creek collections (n = 97) represented the oldest museum curated samples of
Gila sp. from that system. These two sets of samples (1930s—1960s and Turkey Creek) comprise the
study material (n = 385) for this project. Specimens <50 mm SL (n = 112) were excluded from the
Discriminant Function Analysis (DFA) portion of the study to minimize allometric similarities of young
individuals. In addition, 10 specimens were excluded from the study as accurate measures could not
be acquired from those damaged individuals.

The suite of five morphologic measures and meristic values recorded from specimens were those
Minckley and DeMarais (2000) reported as the most valuable for separating the three Gila River
forms of Gila sp. In this study, specimens were classified (Gila Chub, Headwater Chub, or Roundtail
Chub) based on meeting criteria of morphologic (n = 2) and meristic (n = 3) variables. Conversely,
specimens that did not achieve the combined suite of five counts and ratios were instead classified as
the species to which they shared the greatest number of those characters.

About 81% (n = 213) of specimens presented all five characters. Of those individuals, 54.9% (n =
117) were Roundtail Chub, 26.8% (n = 61) were Headwater Chub, and 16.4% (n = 35) were Gila
Chub. Fifty specimens (19.0%) exhibited a mix of species characters and were classified based on
the best fit of characters. The majority of those 50 individuals were classified as Roundtail Chub
(68%, n = 34), followed by Headwater Chub 20% (n = 10), and Gila Chub 12% (n = 6).

Discriminant Function Analysis was also used to classify individual specimens (to species) and those
scores computed to determine the relative classification success of identifications based on
morphology and meristic data. The DFA indicated correct morphometric classification 236 of the 263
(89.7%) Gila specimens. The DFA classified the majority of specimens as Roundtail Chub (n= 140,
53.2%) and the fewest specimens as Gila Chub (n =42, 16.0%). The former taxon was present in all
five Gila Basin River systems while the latter species was in three of the five systems (Gila River
mainstem, East Fork Gila River, and Turkey Creek). Headwater Chub was 30.7% (n=81) of
specimens analyzed and was present in all systems except West Fork Gila River.

Of the five morphological and meristic values recorded, lateral line scale count and the ratio of head
length (HL) to caudal peduncle length (CPL) were the most predictive variables for determining
species. The ratio of caudal peduncle length (CPL) to caudal peduncle depth (CPD) was not
particularly useful in separating species. Dorsal and anal fin ray counts were the least predictive
characters with anal fin ray counts explaining negligible variation. The morphological similarity of the
three species is evident in the DFA as numerous individuals exhibited intermediate characters along
the species gradient. This overlap was compounded by the relatively small size of many specimens.

This study showed, in contrast to Rinne (1969), DeMarais (1986), and Minckley and DeMarais (2000),
the three Gila species are not allopatric in the New Mexico portion of the Gila River drainage. There is
overlap in several morphologic and meristic values used to distinguish species, and even those
species-specific characters that do not overlap are separated by very small margins. The narrow
delineation in morphologic and meristic characters currently used to distinguish these three taxa
presumes little intraspecific variation in populations both within and between systems. The strong
evidence of hybridization in this suite of fishes further complicates species-specific determination.
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INTRODUCTION

The Gila robusta species complex is comprised of seven endemic Colorado River Basin cyprinid
species (Humpback Chub, Gila cypha, Bonytail, G. elegans, Gila Chub, G. intermedia, Pahranagat
Roundtail Chub, G. jordani, Headwater Chub, G. nigra, Roundtail Chub, G. robusta, and Virgin River
Chub, G. seminuda). Each species in this taxonomic complex exhibits a gradation of genotypic and
phenotypic variation (DeMarais 1992). The high degree of variation is a product of evolution, natural
hybridization, and population fragmentation in unique aquatic environments (Gerber et al. 2001,
Schwemm 2006).

Roundtail Chub is the most widespread species in the complex occurring from Wyoming south to
northern Mexico. Bonytail and Humpback Chub were, historically, present throughout the Colorado
River Basin and exhibit extremes in body morphology in the robusta complex. The allopatric
Pahranagat Roundtail Chub and Virgin River Chub occur in the southwestern drainages of the
Colorado River Basin and the Pluvial White and Virgin Rivers, respectively. Headwater Chub and Gila
Chub inhabit the Lower Colorado River Basin, Gila River Basin, of Arizona and New Mexico.

In the Gila River Basin, the distribution pattern of Gila Chub, Headwater Chub, and Roundtail Chub
has been referred to as a mosaic (Dowling et al. 2008). Gila Chub occupies spring and cienega
habitats and has a more widespread distribution in southern Arizona than the other two species
(DeMarais 1992). Conversely, Roundtail Chub mostly occupies mainstem habitats and is broadly
distributed in the Colorado River Basin (Bestgen and Propst 1989). Headwater Chub appears to be
an intermediate (phenotypic and genotypic) between Gila Chub and Roundtail Chub and is thought to
have resulted from natural hybridization between those two species (Minckley and DeMarais 2000).
Its distribution is associated with small, headwater streams and tributaries of the Gila River.

In New Mexico, distribution and abundance of members of the Gila robusta complex have declined.
Historical collections of Gila sp. (1935-1965) include samples from the San Francisco River and the
Gila River system in New Mexico. During the 1980s and 1990s, Gila sp. were absent from San
Francisco River collections and apparently restricted to the middle and upper portions of the Gila
River and its tributaries. Paroz and Propst (2007) documented a further reduction in distribution of
Gila sp. from 2000-2007 with populations being restricted to upper portions of the Gila River Basin
(Turkey Creek, and the East, West, and Middle forks of the Gila River). Significant reductions in Gila
sp. distribution and abundance have also been recorded in portions of the Gila River Basin in Arizona
(Arizona Game and Fish Department 2006).

The decline of this complex lead to the listing of Gila Chub as federally endangered (U.S. Department
of the Interior, 2002) and Headwater Chub and Roundtail Chub as a candidate species for listing
(U.S. Department of the Interior 2011). Roundtail Chub, while more broadly distributed than other
chub in the G. robusta complex, is declining in range and abundance. This decline has led to
Roundtail Chub being protected under state endangered and threatened species statutes and
creation of multi-state agreements to monitor populations (i.e., Range-wide Conservation Agreement
and Strategy For Roundtail Chub, Bluehead Sucker, and Flannelmouth Sucker). In addition, a
Colorado River Basin Chubs Recovery Plan for New Mexico was developed (Carman 2006) under
the authority of the New Mexico Wildlife Conservation Act amendments of 1995 (New Mexico
Department of Game and Fish 2006). This recovery plan was developed to guide efforts to restore
and maintain viable Gila Chub, Headwater Chub, and Roundtail Chub populations in New Mexico so
that these species could be delisted.

The distribution of members of the G. robusta complex in the Gila River Basin is not fully understood.
Numerous phylogenetic investigations have indicated a long history of fragmentation and periodic
admixture of these closely related taxa. Morphometric studies found populations were allopatric
despite a closely allied range of characters and combination of morphometric, meristic, and
phenotypic traits that distinguish taxa (Rinne 1969, DeMarais 1986, Minckley and DeMarais 2000).
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In the Gila River Basin, Roundtail Chub and Gila Chub are at opposite ends of the morphological
spectrum. Roundtail Chub is a large fish with a streamlined body, narrow caudal peduncle, and head
length greater than the other two taxa. Roundtail chub also has more lateral line scales and medial fin
rays (dorsal and anal fins) than the other two species in the complex. Body shape ratios of head
length (HL)/caudal peduncle depth (CPD) and caudal peduncle depth/caudal peduncle length (CPL)
further separate this species from Headwater Chub and Gila Chub.

Gila Chub occupies small spring systems and cienegas, has a small, thick body shape. Head
morphology and caudal peduncle depth (HD/CPD) can be used to separate this species from
Roundtail Chub and Headwater Chub. In addition, the number of lateral line scales and dorsal and
anal fin rays of Gila Chub are lower than Roundtail Chub.

The intermediate body morphology of Headwater Chub led to it being considered a subspecies, Gila
robusta grahami, of Roundtail Chub (Rinne 1969). Minckley and DeMarais (2000) elevated
Headwater Chub to full species status and assigned the specific epithet nigra as grahami was
unavailable. Headwater Chub was likely the product of multiple discrete hybridization events between
Roundtail Chub and Gila Chub (Minckley and DeMarais 2000). Morphologically, Headwater Chub
supports this hypothesis as it is defined as possessing intermediate characters between Gila Chub
and Roundtail Chub. Despite overlap in some morphometric characters and in meristic values this
form was definable using the identification key of Minckley and DeMarais (2000).

Insight into species-specific differentiation among the three Gila River Basin chub has been enhanced
by genetic investigations of these forms. Analysis of allozyme loci indicated an array of variation in
the G. robusta complex, however, the variation was not attributable to species morphology or
drainage but rather locality (DeMarais 1992). Further analysis using morphometric, molecular, and
distributional data concluded that the three taxa warranted full species status in part because of the
lack of overlapping distributions (Minckley and DeMarais 2000). More recent investigations using
mitochondrial and nuclear DNA sequences indicated patterns of sequence variation were not
associated with morphology or hydrographic connection, but were best explained by fragmentation
and independent evolution of many subpopulations (Schwemm 2006). Additional analysis of
microsatellites in the G. robusta complex support the importance of distinct independent evolving
populations in which geography plays an important role (Dowling et al. 2008).

These morphological and phylogenetic studies have been useful for understanding the complex
relationships and evolutionary history of these fishes. Despite the work that has been recently
accomplished, the status and distribution of Gila River Basin Gila species in New Mexico is still
uncertain and particularly important due to the rapid decline in their distribution and abundance.
Current threats include competition and predation from invasive fish and habitat loss from water
development (Propst 1999). Projections of a warming, dryer climate in the southwestern United
States of America predict further alterations to the hydrologic cycle due to decreased annual snow
accumulations and habitat degradation from the effects of drought induced wildfires (Comte et al.
2013). Furthermore, proposal for a major diversion structure on the mainstem Gila River by the New
Mexico Interstate Stream Commission (NMISC) could result in river fragmentation, aquatic habitat
degradation, and further alterations to the hydrologic cycle.

Of the numerous Gila River tributaries in New Mexico, Turkey Creek has been identified as an
important stronghold for Gila chub populations. Paroz et al. (2006) and Paroz and Propst (2007)
identified this creek as having the highest densities and downstream most populations of Gila sp.
remaining in New Mexico. Recent phylogenetic analysis of the Gila sp. population in Turkey Creek
indicated this population is unique in relation to other Gila sp. populations in New Mexico (Dowling et
al. 2008) and that further examination of this population is important.
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The morphological and genetic similarity of the Gila River Basin Gila sp. complex not only adds to
confusion regarding species identification but also impedes determination of species-specific
distributions and conservation status (Carman 2006, Paroz and Propst, 2007). The morphometric
examination of historical chub collections from the lower Colorado River Basin, initially analyzed by
John N. Rinne (1969), was the first intensive analysis of the G. robusta complex in the Gila River
Basin in Arizona and New Mexico. Rinne (1969) examined a number of historical (1940-1950) Gila
River Basin Gila sp. collections from New Mexico (Appendix I). Understandably, not all available fish
collections were analyzed and many specimens from studied collections were not measured.

While a basin-wide investigation of the historical and current distribution and conservation status of
the three taxa is needed, the modest scope of our study was tailored to fit the provincial objectives of
the funding agency. New Mexico Department of Game and Fish’s Share with Wildlife Program (SwW)
provides small (financial compensation) one-year grants primarily to study New Mexico species that
do not receive funding from other sources. One of the stated purposes of SwW funds are “to provide
for conservation and management efforts in New Mexico that would otherwise be lacking in support.”
Research funds of SwWW are administered by the New Mexico Department of Game and Fish
acquired exclusively by citizen donations.

In June 2012, the project proposal “Determining the historical distribution of Colorado River chubs of
the Gila robusta complex (Gila intermedia, Gila Chub, Gila nigra, Headwater Chub, and Gila robusta,
Roundtail Chub) in the Gila River Basin, New Mexico” was submitted to SwW in response to their call
for potential 2013 projects. As per the scope of the proposal, the study area was limited to New
Mexico and historical distributions of the study taxa were to be determined using museum specimens
collected prior to the 1970s. Historical specimens were to be analyzed and identifications verified or
re-assigned using published morphometric and meristic keys describing these species. In addition to
compiling the morphological analysis of historical collections in New Mexico, a preliminary
morphometric investigation the Turkey Creek Gila sp. chub population was to be undertaken using
recent material (1983-2001).

In the study reported herein, the earliest museum collections of chub specimens from Turkey Creek
(1983) were analyzed together with historical collections from throughout the Gila River Basin (1935—
1966). Species-specific morphologic and meristic characters presented in Minckley and DeMarais
(2000) were the primary identification tool employed in this study.

STUDY AREA

The Gila River Basin in southwestern New Mexico drains Catron, Grant, Hidalgo, and Sierra counties.
The San Francisco River is the largest drainage in the New Mexico portion of the basin followed by
the mainstem Gila River (Figure 1). Numerous small headwater streams feed the Gila and San
Francisco rivers. Headwater tributaries originate at high elevations in the Mogollon Mountains and the
Black Range. These tributaries are high gradient creeks with cobble and bedrock substrates. Under
some low flow scenarios, natural barriers develop in some of these headwater tributaries and function
to fragment and isolate fish populations. Several small man-made reservoirs are also present in the
Gila River Basin including Snow, Roberts, Wall, and Bill Evans.
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METHODS

Collections of the Gila robusta complex from the 1930s to the 1960s were acquired from the Division
of Fishes at the Museum of Southwestern Biology (MSB), University of New Mexico (n = 187), and
the University of Michigan Museum of Zoology (UMMZ, n = 96). For this study, those collections
constitute the “historical material” and are deemed to indicate the native, non-transplanted taxa. In
addition to the aforementioned collections, seven Turkey Creek, New Mexico, collections of Gila sp.
from 1983, 1984, and 2001 (all MSB) were also examined and included in this study. The 1983-1984
Turkey Creek collections (n = 102) are the oldest museum curated samples of Gila sp. from that
system. A list of material examined (Appendix IlI) and photographs (Appendix IV) are provided.

For analytical purposes, specimens examined in this study were separated by lotic system.
Collections from the San Francisco River, Turkey Creek, West Fork Gila River, and East Fork Gila
River were each individually grouped. (East Fork Gila River included Beaver Creek and Taylor
Creek). The mainstem Gila River sample was comprised of collections from the New Mexico/Arizona
border upstream to Cliff, New Mexico.

Specimens acquired for this study were housed at the MSB, Division of Fishes, and maintained
following museum protocols and best practice methodology. Each specimen examined received a
paper gill tag (right side of fish) to allow tracking of individual specimen and associated measures.
The suite of morphometric measures and meristic values recorded from specimens in this study were
those that Minckley and DeMarais (2000) reported as being most valuable for separating the three
Gila River forms of Gila sp. Straight-line measures and meristic values were recorded from the left
lateral side of each specimen. Mitutoyo Absolute Digimatic electronic calipers (Series 572) equipped
with an RS232 computer interface cable with data switch for single function were used to determine
and record lengths which are reported to the nearest 0.1 mm.

Length measures acquired from each specimen were: Standard Length (SL), Total Length (TL),
Caudal Peduncle Depth (CPD), Caudal Peduncle Length (CPL), and Head Length (HL; Table 1).
Morphometric values were converted to ratios of HL/CPD and CPL/CPD. Meristic values recorded
were the number of lateral line scales (LLS), dorsal fin rays (D), and anal fin rays (A).

Specimen measures and counts were filtered through a modified version of the key presented in
Minckley and DeMarais (2000) that only contained three species (Figure 2). Using this identification
tool, specimens were identified, based on meeting the criteria of the two morphometric (HL/CPL,
CPL/CPD) and three meristic (LLS, D, A) variables, as Headwater Chub, Gila Chub, or Roundtail
Chub. Specimens that did not exhibit the five characters unique to each of the three species were
assigned an identification based on the greatest number of unifying characters.

Discriminant Function Analysis (DFA; SAS, 2007) was used to classify individual specimens (to
species) and scores were computed to determine the relative classification success of specimen
identifications that had been based on morphology and meristic data. The DFA was performed on
263 New Mexico specimens using the previously mentioned suite of five morphometric/meristic
variables (Minckley and DeMarais 2000). Only fish >50 mm SL were used in the DFA to minimize
allometric similarities of young individuals (DeMarais 1986).

Canonical plots, including elliptical 95% confidence limits, were generated to illustrate general
differences among the suite of species-specific characters along the first two axes. Bi-plot rays, for
individual morphometric variables, were also plotted to indicate the direction and relative importance
(i.e., shorter less important than longer) of each variable along the two canonical axes. Discriminant
scores were computed to determine the relative classification success among species based on the
morphometric data.
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Figure 1.  The Gila River Basin in New Mexico.
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Table 1. Morphometric measures and meristic values recorded from specimens examined.
Feature Code | Description
Standard Length SL Anterior edge of snout to posterior edge of the hypural plates
Total Length TL Anterior edge of snout to posterior edge of caudal fin
(L:::;t?wl Peduncle CPL | Insertion of posterior anal ray to posterior edge of hypural plate
Caudal Peduncle CPD | Least depth of the caudal peduncle
Depth
Head Length HL Anterior edge of snout to posterior portion of the opercular flap
Lateral Line Scale Count of pored lateral line scales from posterior of opercular flap

LLS .

Count to posterior edge of caudal peduncle
Dorsal ray count D Number of principle rays in the dorsal fin
Anal ray count A Number of principle rays in the anal fin
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Figure 2. Characters used to differentiate Gila River Basin Gila sp. (IRR = interradial membranes).
Adapted from Minckley and DeMarais (2000).
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RESULTS

Ten fish were excluded from the study due to poor quality of the specimens (MSB 1729, n = 7; MSB
1752, n =1; MSB 77046, n = 1, and UMMZ 124744, n = 1). A total of 375 specimens from 31
collections across five Gila River Basin systems in New Mexico were examined and included in the
final analysis presented in this report. The exclusion of fishes less than 50 mm SL precluded the use
of eight collections and 112 specimens in the DFA (n = 263). While fish <50 mm SL were not included
in the DFA, most counts and measures were recorded from these fish and reported in Appendix .

Three museum collections and 21 specimens from the San Francisco River were available of which
19 were from a single collection (MSB 1731). All San Francisco River Gila sp. >50 mm SL (n = 10;
52—-183 mm SL) were in MSB 1731. Eleven collections containing 105 specimens were analyzed from
the mainstem Gila River. Eight collections containing 52 specimens were analyzed from East Fork
Gila River. Two collections were available from the West Fork Gila River, each with single specimens,
but only one of those fish was >50 mm SL and used in the DFA. There were seven collections and 95
specimens available from Turkey Creek.

About 81% (n= 213) of the specimens meet each of five criteria identified by Minckley and DeMarais
(2000) as necessary to be assigned to one of three taxonomic categories. Of those 213 specimens,
54.9% (n = 117) were Roundtail Chub, 26.8% (n = 61) were Headwater Chub, and 16.4% (n = 35)
were Gila Chub. The 50 specimens (19.0%) that did not meet all five criteria were classified based on
the best fit of characters. The majority of those 50 individuals were classified as Roundtail Chub
(68%, n = 34), followed by Headwater Chub 20% (n = 10), and Gila Chub 12% (n = 6).

Wilk’s Lambda test showed a significant difference (F=42.46, p<0.0001) among the three taxa (Figure
3) with 70% of the variation among taxa being predicted by the DFA. Correct morphometric
classification in the DFA occurred in 236 of 263 Gila specimens (89.7%). The DFA classified 16.0% of
specimens (n = 42) as Gila Chub (the fewest) while the majority of the samples were classified as
Roundtail Chub (53.2%, n= 140). The former taxon was identified in three of the five systems (Gila
River mainstem, East Fork Gila River, and Turkey Creek) while the latter was present in all five
systems. Headwater Chub comprised 30.7% (n=81) of the total specimens analyzed and was present
in all systems except West Fork Gila River.

In the San Francisco River, DFA assigned nine specimens as Roundtail Chub (90.0%; Figure 4). The
second highest percent occurrence of Roundtail Chub was in the mainstem Gila River (50.7%, n=71)
followed by Turkey Creek (33.6%, n=47). The highest percent occurrence of Gila Chub was in the
East Fork Gila River (42.9%, n= 18) followed by Turkey Creek (33.3%, n= 14). Headwater Chub
comprised 27.2% (n= 22) of the East Fork Gila River collections and 42.0% of Turkey Creek
collections. Combined, Headwater Chub and Gila Chub comprised 32.4% (n=34) of the mainstem
Gila River collections.

Canonical axis 1 accounted for 94.8% of species variation. The remaining variation was described
along the canonical axis 2. Of the five morphological and meristic values, LLS and HL/CPD were the
most predictive variables for classification of species. The CPL/CPD measurement explained some of
the variation in species (i.e., along the second canonical axis) but was not particularly useful in
separating species (i.e., along the first canonical axis). Dorsal and anal fin ray counts were the least
predictive characters with anal fin ray counts explaining negligible variation along either axis.

Characters that defined Headwater Chub were intermediate between the other two species. The DFA
depicted overlap in Headwater Chub with the other species, particularly along outer margins of
canonical space. Comparing DFA results by river system suggested separation of values along a
hydro-geographic gradient. Specimens from the East Fork Gila River exhibited a shift and in both
canonical axes compared to downstream localities (Figure 5). In the mainstem Gila River, the
canonical scores of Gila Chub and Headwater Chub shifted on both axes compressing the canonical
distribution of the three species and indicating less morphological differences among species.
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Turkey Creek had the broadest variation in canonical scores compared with the other river systems.
There was greater overlap among Turkey Creek Gila sp. than all other systems except the mainstem
Gila River. Morphotypes from Turkey Creek were broadly scattered throughout the canonical plane
(Figure 6). Unfortunately, there was only one West Fork Gila River specimen thereby precluding any
meaningful interpretation (Figure 7). Similarly, there were few (n = 10) specimens >50 mm SL
available from the San Francisco River and nine were Roundtail Chub.

The length of specimens available for this study ranged from 21.5 to 294.7 mm SL. About 30% (n =
112) of those specimens were <50 mm SL and, because of their small size, they were not used in
DFA (Figure 8). The length frequency distribution of the remaining 263 specimens was non-
symmetric and strongly skewed right (Figure 9). Overall, about 48% (n = 180) of the total sample was
between 50 and 100 mm SL and those 180 individuals comprised 68% of the specimens used in the
DFA. There were 83 individuals between 100 and 200 mm SL (22.1% of total sample) and only 14
specimens >200 mm SL (3.7% of total sample).

About half (n = 191) the fish examined for this study were from the mainstem Gila River, while 26.5%
(n = 102) originated in Turkey Creek, and about 18% (n = 69) in the East Fork Gila River. Collectively,
these three systems yielded 94.0% of the sample examined in this study. There were only two
individuals (22.4, 109.9 mm SL) available from the West Fork Gila River with the remaining
specimens (n = 21, 5.5%) collected in the San Francisco River.

Of the 83 fish >100 mm, 82.1% (n= 69) were from either the mainstem or East Fork Gila River.
Turkey Creek produced 11 fish >100 mm SL (13.1%) while the San Francisco River and West Fork
Gila River were represented by three and one specimens, respectively. All 14 Gila sp. >200 mm SL
(212.0-294.7 mm SL) and 19 of 21 (90.5%) specimens >180 mm SL were from the mainstem Gila
River (Figure 10).
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DiscussION

The few studies addressing genotypic and phenotypic attributes of the Gila robusta complex in the
Gila River Basin have not yet clarified distributional patterns of these species. Those works have
shown, in some cases, that there is greater genetic variability in a species than between species
(Dowling et al. 2008). Likewise, genetic analysis has not aligned itself with morphotype (DeMarais
1992) or locality (Schwemm 2006). Assessing microsatellites in Headwater Chub, Dowling et al.
(2008) identified individuals in the East Fork Gila River that were more closely allied to Roundtail
Chub or Gila Chub than Headwater Chub. This same study concluded the need for a morphological
reassessment of the Gila River chub populations.

Additional confusion regarding distribution of these forms in the Gila River, New Mexico stem from
previous reports which state that the three Gila sp. are allopatric (Rinne 1969, DeMarais 1986,
Minckley and DeMarais 2000). The results of our study in the Gila River, New Mexico, demonstrate
that the three species are sympatric. This conclusion is particularly interesting as a portion of the fish
analyzed in our study were the same Rinne (1969) used to discern differences between species.

There is overlap in some morphologic and meristic characters used to distinguish the three chub
species (HL/CPD, LLS, and dorsal and anal fin rays) and species-specific characters that do not
overlap are only separated by very small margins. The ratio of HL/CPD, which is important in
separating Gila Chub (< 3.0) from the other two species (> 3.0), is of little value (particularly between
Gila Chub and Headwater Chub) when specimen ratio is 3.0. Similarly, the range in number of lateral
line scales often overlaps between Headwater Chub (typically < 80) and Roundtail Chub (typically >
78). The narrow delineation in morphologic and meristic characters available to distinguish these
three taxa presumes little intraspecific variation in populations in and between systems. Strong
evidence of hybridization in this suite of fishes further complicates species-specific determination.
Investigations into alternative morphometric techniques, such as landmark-based geometric
morphometrics, may be able to provide better resolution to these morphologically similar taxa.

Molecular investigations reveal a wide range of genetic variation among subpopulations. This
variation may also be reflected in morphology. The DFA supports the morphologic ratio of HL/CPD as
one of the most important characters to separate species. The identification key provided by Minckley
and DeMarais 2000 does not provide data relative to the variation in a species group. Rinne (1969)
reports means and ranges for specimens used in his study and it is noteworthy that those range of
values are greater than those reported in the identification key of Minckley and DeMarais (2000).

The morphological relatedness of the three chub species is evident in the DFA. There are numerous
individuals whose morphology reside on an intermediate spectrum. These areas of overlap may be a
reflection of size and development of each species. It is expected that the degree of morphological
separation is greater (i.e., more evident) as individuals grew; at least until they reached length at
sexual maturity. Such age/length dependent differences apply to morphology as most meristic values
should not vary through development. Unfortunately, the varying degrees of morphologic value
overlap between the three species dilute the predictive (species determination) ability of these
conservative values.

Dowling et al. (2008) noted the importance of small-localized subpopulations of Gila sp. in the Gila
River drainage, particularly those that may be isolated from mainstem systems. Turkey Creek
represents one of those tributary subpopulations. Purported barriers to upstream fish movement in
Turkey Creek may have isolated this subpopulation for some time (Dowling et al. 2008). Results of
recent genetic analysis of Gila sp. in Turkey Creek indicate this to be a unique and highly variable
genotype in New Mexico (Dowling et al. 2008, personal communication M.R. Schwemm 2013). The
lack of historical collections (pre 1960) of Gila sp. from Turkey Creek precluded this stream from
analysis so the use of more recent materials (earliest available collection was 1983) was warranted to
determine if morphological characters reflected genotypic observations.

Numerous recent Gila sp. collections from Turkey Creek, acquired in 2010 when wildfires threatened
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the fish populations in the creek, contain Gila specimens from up-and downstream of a natural
barrier. Those fish represent the most comprehensive set of material from this tributary and analysis
of those specimens may provide a clearer picture of species distribution. (Authors Note: The lack of
historical collections from Turkey Creek originally precluded Turkey Creek samples from this study.
The authors recognized [soon after the award of this project] the value of recent Turkey Creek
collections to this study and added, at no cost, those samples to the pool of study material).

Historical collections of the Gila robusta complex in New Mexico, especially in the Gila River
drainage, are limited in their temporal and spatial distribution. Greater resolution to chub morphology,
distribution, and identity may be acquired through the analysis of more recent collections of chub from
the Gila River Basin. The numerous small tributaries to the Gila and San Francisco rivers may yet
maintain populations of Gila sp. whose geographic distributions are allopatric. Assessment of all
collections of Gila River chub will help to define the distribution.

Dowling et al. (2008) outlined the need for conservation of the three chub species as a complex
verses geographic or taxonomic units and stressed the importance of preserving the process that has
lead to the complex genotypic and phenotypic nature of these species. The results of this survey also
support this recommendation, as the three species seem to have a greater degree of geographic
overlap than previously reported. Preforming morphologic and meristic analysis on all Gila sp.
collections would potentially clarify some of the distribution pattern among these species, particularly
in smaller tributaries and may also help codify the inter-relatedness of the Gila robusta complex.
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Appendix . Comparison of New Mexico chub specimens used in morphological studies by
Rinne (1969) and herein (LL = lateral line).
F:gg: n = Specimens Examined ASIR 2013 n = Specimens Examined s Tot‘al #
pecimens
Museum LL scale Fin Ray Body Museum LL scale Fin Ray Body
Number counts Counts Measures Number counts Counts Measures

MSB 1729 9 9 9 MSB 1729 10 10 10 17
MSB 1748 MSB 1730 1 1 1 1
MSB 1731 4 15 15 MSB 1731 11 19 19 19
MSB 1738 2 - MSB 1732 6 8 8 8
MSB 1732 15 23 6 MSB 1736 - 4 4 4
MSB 1752 17 MSB 1737 - 11 11 11
MSB 1739 3 - MSB 1738 - - - 1
MSB 2010 2 MSB 1739 - 1 1 1
MSB 1743 8 MSB 1743 8 8 8 8
MSB 1745 29 23 5 MSB 1745 14 14 14 14
MSB 1747 - MSB 1747 1 1 1 1
MSB 1751 9 MSB 1748 1 1 1 1
MSB 1751 - - - -
MSB 1752 15 70 70 70
MSB 2007 ‘ 5 15 15 MSB 2007 19 19 19 19
MSB 2010 2 6 6 6
MSB 2624 1 1 1 1
MSB 2767 - 2 2 2
MSB 3130 1 1 1 1
MSB 49890 5 5 5 5
MSB 62754 10 10 10 10
MSB 62958 7 10 10 10
MSB 63002 11 11 11 11
MSB 63189 10 12 12 12
MSB 77046 14 16 16 16
MSB 77050 38 38 38 38
UMMZ 110434 ‘ 7 8 8 UMMZ 110434 8 8 8 8
UMMZ 113528 2 2 2 2
UMMZ 118180 13 13 13 13
UMMZ 118182 10 10 10 10
UMMZ 124744 | 17 25 25 UMMZ 124744 27 27 27 27
UMMZ 162740 39 39 39 39
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Appendix . Museum collections examined for Gila robusta complex analysis.
Catalog . Date
Number County Locality Collector Collected
MSB East Fork Gila River, 0.5 mile above confluence
Catron with Taylor Creek, west of Forest Road 150, Gila E.H. Huntington 16-Sep-52
1729 . ) )
Wilderness, Gila National Forest.
San Francisco River, at San Francisco Hot
%%% Catron Springs, off U.S. HWY 180, south of Pleasanton, \év..éalﬁfc;tterind 7-Sep-48
Gila Wilderness, Gila National Forest. ’ Y, T
San Francisco River, 0.75 mile below San
MSB Catron Francisco Hot Springs, off U.S. HWY 180, south of W.J. Koster and 8-Sep-48
1731 . . K. Rafferty, Jr.
Pleasanton, Gila Wilderness.
MSB . . . W.J. Koster and
1732 Grant Gila River, at Cliff on U.S. HWY 180. KR. Coburn 25-Aug-49
MSB . . . . W.J. Koster and
1736 Grant Gila River, 5.0 miles below CIiff, on U.S. HWY 180. K R. Coburn 26-Aug-49
MSB Gila River, ca. 1.1 miles south of Cliff on U.S. W.J. Koster and
1737 Grant | vy 180. K.R. Coburn 26-Aug-49
San Francisco River, 1.0 mile above Reserve,
Q"f:’,g Catron | town at junction of NM State HWY 12, 32, and Kv'ﬁa'ﬁf‘;ﬁerj‘r”d 4-Sep-48
435, Gila National Forest. ’ Y, T
MSB Hidalao Gila River, 1.0 mile east of Arizona border, on NM W.J. Koster and 23-AuQ-49
1739 10al90 | state HWY 92. K.R. Coburn -Aug-
MSB . . . . J. Sands and
1743 Grant Gila River, 5.0 to 6.0 miles above town of Gila. E.H. Huntington 11-Jun-53
MSB J. Sands,
Grant Gila River, 4.5 miles below CIiff, on U.S. HWY 180. | J. Sherman, and 11-Jun-53
1745 .
E.H. Huntington
MSB . . . . J. Sands and
1747 Grant Gila River, 9.0 miles below CIiff, on U.S. HWY 180. E.H. Huntington 12-Jun-53
MSB West Fork Gila River, Gila Wilderness, Gila .
1748 Catron National Forest. E.H. Huntington 18-Aug-51
MSB Grant Gila River, ca. 7.0 miles northeast of Gila, on NM W.J. Koster and 27-AUQ-49
1752 State HWY 153. K.R. Coburn -Aug-
MSB Catron Beaver Creek, ca. junction of Forest Road 150 and | W.J. Koster and 4-Sep-49
2007 NM State HWY 59, Gila National Forest. K.R. Coburn ~o€p-
MSB . . W.J. Koster and
2010 Grant Gila River, at Red Rock, on NM State HWY 464. KR. Coburn 24-Aug-49
MSB East Fork Gila River, 0.25 mile below Lyons G.C. Kobetich,
2624 Grant Hunting Lodge Hot Spring, ca. 2.5 miles upstream | J. White, and 8-Oct-66
from West Fork Gila River. S. Henry
MSB East Fork Gila River, 0.25 mile below Lyons
Grant Hunting Lodge Hot Spring, ca. 2.5 miles upstream G.C. Kobetich 20-Aug-66
2767 . .
from West Fork Gila River.

Page 23 of 119

American Southwest Ichthyological Researchers, L.L.C.
Professional Services Contract 13-516-0000-00040

New Mexico Department of Game and Fish 2013 Share with Wildlife Project

-23-



Determining the historical distribution of the Gila robusta complex in the Gila River Basin, NM
2013 Share with Wildlife Project

Final Report
14 February 2015

Appendix . continued.
Catalog . Date
Number County Locality Collector Collected
MSB West Fork Gila River, from its confluence with the
3130 Grant Gila River to 4.0 miles above this confluence, off G.C. Kobetich 28-Oct-65
NM State HWY 15, Gila Wilderness.
J.A. Monzingo,
MSB Grant Turkey Creek, Gila Wilderness, Gila National R.D. Ward, 27-Jun-01
49890 Forest. K.C. Ward, and ~un-
G.S. Jimenez
MSB Turkey Creek, ca. 0.1 kilometers upstream of a hot
62754 Grant springs, Gila Wilderness, Gila National Forest. D.L. Propst 5-May-83
MSB Grant Turkey Creek, ca. 0.5 kilometers downstream of D.L. Propst and 5-Jul-83
62958 confluence with Sycamore Canyon. K.R. Bestgen
MSB Turkey Creek, ca. 0.8 kilometers downstream of
63002 Grant hot springs, Gila Wilderness, Gila National Forest. D.L. Propst 7-Sep-83
MSB Turkey Creek, below hot springs, Gila Wilderness,
63189 | C"@M | Gila National Forest. D.L. Propst 12-Nov-83
MSB . . . D.L. Propst and
77046 Grant Turkey Creek, at hot springs, Gila Wilderness. K.R. Bestgen 5-Jul-83
D.L. Propst,
MSB . . . K.R. Bestgen,
77050 Grant Turkey Creek, at hot springs, Gila Wilderness. C.W. Painter, 30-Jan-84
and J.A. Fowler
UMMZ Taylor Creek, near road between Beaverhead and
110434 | CaON | giver City, Gila National Forest; Gila River system, | ©-M- Tarzwell 16-Aug-35
UMMZ Beaver Creek, at jct of Beaver Creek and Taylor
Catron Creek, Gila National Forest, 90 mi S of M.A. Gee 17-Mar-36
113528 i .
Magdalena; Gila drainage.
UMMZ Taylor Creek, tributary to East Fork of the Gila M.A. Gee and
118180 | 3N | River. Carr 26-Aug-37
UMMZ Catron Beaver Creek, tributary of East Fork of Gila River, M.A. Gee and 27-AuQ-37
118182 Gila River drainage. Carr 9
UMMZ . . . .
124744 Grant Gila River, on US 260, at CIiff. Hubbs family 30-Jun-38
UMMZ Grant Gila River, ca. 6 mi above Redrock, at mouth of R.R. Miller and 5-Jun-50
162740 box canyon H.E. Winn
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Appendix Ill.

Morphologic and meristic values of characters analyzed in this study. Distribution
maps based on identifications determined herein. Dots on maps (map from Figure 1)
indicate presence of specimen.

Gila intermedia
Gila Chub
HL/CPD Mean 2.78
Std Dev 0.13
Std Err Mean 0.02
upper 95% Mean 2.82
lower 95% Mean 2.74
n= 42
AZINM
CPL/CPD Mean 2.24 S sk
Std Dev 0.18
Std Err Mean 0.03
upper 95% Mean 2.29
lower 95% Mean 2.18
n= 42
LLS Mean 78.68
Std Dev 4.10
Std Err Mean 0.65 ooN 30UN
upper 95% Mean 79.99
lower 95% Mean 77.36
n= 42
Dorsal Rays | Mean 8.43 - BT e ’t
Std Dev 0.50 — —
Std Err Mean 0.08 o o
upper 95% Mean 8.59
lower 95% Mean 8.26
n= 42
Anal Rays Mean 8.28
Std Dev 0.45
Std Err Mean 0.07
upper 95% Mean 8.42
lower 95% Mean 8.13
n= 42
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Appendix lll.  continued.
Gila nigra
Headwater Chub
HL/CPD Mean 3.06
Std Dev 0.10
Std Err Mean 0.01
upper 95% Mean 3.08
lower 95% Mean 3.04
n= 81
10900 W 108'00W
CPL/ICPD | Mean 226 | .. [1"
Std Dev 0.17
Std Err Mean 0.02
upper 95% Mean 2.30
lower 95% Mean 2.22
n= 81
LLS Mean 80.51
Std Dev 2.40
Std Err Mean 0.27 300N 300N
upper 95% Mean 81.05
lower 95% Mean 79.97
n= 81
Dorsal Rays | Mean 8.54 e s # 'j:
Std Dev 0.50 s e
Std Err Mean 0.06
upper 95% Mean 8.65
lower 95% Mean 8.43
n= 81
Anal Rays Mean 8.45
Std Dev 0.50
Std Err Mean 0.06
upper 95% Mean 8.56
lower 95% Mean 8.34
n= 81
Eiienﬁfx?éi :)?epartment of Game and Fish 2013 Share with Wildiife Project AmeSfé”flSS;TSQZTVS?N'?:JL‘VC"EL%Z?L ?gssef éfggéf;.éé%‘fd

-26 -



Determining the historical distribution of the Gila robusta complex in the Gila River Basin, NM

2013 Share with Wildlife Project

Final Report
14 February 2015

Appendix lll.  continued.

Gila robusta
Roundtail Chub

HL/CPD Mean 3.34
Std Dev 0.25
Std Err Mean 0.02
upper 95% Mean 3.38
lower 95% Mean 3.30
n= 140

CPL/CPD Mean 2.58
Std Dev 0.21
Std Err Mean 0.02
upper 95% Mean 2.62
lower 95% Mean 2.55
n= 140

LLS Mean 82.90
Std Dev 3.05
Std Err Mean 0.24
upper 95% Mean 83.37
lower 95% Mean 82.42
n= 140

Dorsal Rays | Mean 8.85
Std Dev 0.37
Std Err Mean 0.03
upper 95% Mean 8.91
lower 95% Mean 8.80
n= 140

Anal Rays Mean 8.72
Std Dev 0.45
Std Err Mean 0.04
upper 95% Mean 8.79
lower 95% Mean 8.65
n= 140

34°00°N

33°00"N

109°00"W

108'0'0'W

JAZ NM

———
0255 10 15 2

100°00"W

108°00'W

34°00°N

33°00'N
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Appendix IV.  Photographs of specimens examined in this study. Scientific names appearing on the
tags in the photographs are those under which the specimen was catalogued into its
respective museum and are not necessarily indicative of the results of this study.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1729. New Mexico, Catron County, East Fork Gila River, 0.5 mile above confluence with
Taylor Creek, west of Forest Road 150, Gila Wilderness, Gila National Forest.
E.H. Huntington. 16 September 1952. n = 10.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined
MSB 1729. New Mexico, Catron County, East Fork Gila River, 0.5 mile above confluence with

Taylor Creek, west of Forest Road 150, Gila Wilderness, Gila National Forest.
E.H. Huntington. 16 September 1952. n = 10.
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@ = G. intermedia, Gila Chub (O = G. nigra, Headwater Chub @ = G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1730. New Mexico, Catron County, San Francisco River, at San Francisco Hot Springs, off
U.S. HWY 180, south of Pleasanton, Gila Wilderness, Gila National Forest.
W.J. Koster and K. Rafferty, Jr. 7 September 1948. n = 1.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1731. New Mexico, Catron County, San Francisco River, 0.75 mile below San Francisco
Hot Springs, off U.S. HWY 180, south of Pleasanton, Gila Wilderness. W.J. Koster
and K. Rafferty, Jr. 8 September 1948. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1731. New Mexico, Catron County, San Francisco River, 0.75 mile below San Francisco
Hot Springs, off U.S. HWY 180, south of Pleasanton, Gila Wilderness. W.J. Koster
and K. Rafferty, Jr. 8 September 1948. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1731. New Mexico, Catron County, San Francisco River, 0.75 mile below San Francisco
Hot Springs, off U.S. HWY 180, south of Pleasanton, Gila Wilderness. W.J. Koster
and K. Rafferty, Jr. 8 September 1948. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1731. New Mexico, Catron County, San Francisco River, 0.75 mile below San Francisco
Hot Springs, off U.S. HWY 180, south of Pleasanton, Gila Wilderness. W.J. Koster
and K. Rafferty, Jr. 8 September 1948. n = 19.

Page 35 of 119 American Southwest Ichthyological Researchers, L.L.C.
New Mexico Department of Game and Fish 2013 Share with Wildlife Project Professional Services Contract 13-516-0000-00040

-35-



Determining the historical distribution of the Gila robusta complex in the Gila River Basin, NM Final Report
2013 Share with Wildlife Project 14 February 2015

ST T
A

T

‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1732. New Mexico, Grant County, Gila River, at Cliff on U.S. HWY 180. W.J. Koster and
K.R. Coburn. 25 August 1949. n = 8.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1732. New Mexico, Grant County, Gila River, at Cliff on U.S. HWY 180. W.J. Koster and
K.R. Coburn. 25 August 1949. n = 8.
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@ = G. intermedia, Gila Chub (O= G. nigra, Headwater Chub @ = G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1736. New Mexico, Grant County, Gila River, 5.0 miles below CIiff, on U.S. HWY 180.
W.J. Koster and K. R. Coburn. 26 August 1949. n = 4.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1737. New Mexico, Grant County, ca. 1.1 miles south of Cliff on U.S. HWY 180.
W.J. Koster and K.R. Coburn. 26 August 1949. n = 11.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1737. New Mexico, Grant County, ca. 1.1 miles south of Cliff on U.S. HWY 180.
W.J. Koster and K.R. Coburn. 26 August 1949. n = 11.
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138
Ciila, robust4

Cat 3 17319
Gila robusta

3 -HmmsSL Y4 SmmTL

@ = G. intermedia, Gila Chub (O= G. nigra, Headwater Chub @-= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1738. New Mexico, Catron County, San Francisco River, 1.0 mile above Reserve, town at
junction of NM State HWY 12, 32, and 435, Gila National Forest.
W.J. Koster and K. Rafferty, Jr. 4 September 1948. n = 1.

MSB 1739. New Mexico, Hidalgo County, Gila River, 1.0 mile east of Arizona border, on NM
State HWY 92. W.J. Koster and K.R. Coburn. 23 August 1949. n = 1.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1743. New Mexico, Catron County, Gila River, 5.0 to 6.0 miles above town of Gila.
J. Sands and E.H. Huntington. 11 June 1953. n = 8.
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@ = G. intermedia, Gila Chub (O= G. nigra, Headwater Chub @ = G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1743. New Mexico, Catron County, Gila River, 5.0 to 6.0 miles above town of Gila.
J. Sands and E.H. Huntington. 11 June 1953. n = 8.
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31
Landjd

‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1745. New Mexico, Grant County, Gila River, 4.5 miles below CIiff, on U.S. HWY 180.
J. Sands, J. Sherman, and E.H. Huntington. 11 June 1943. n = 14.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1745. New Mexico, Grant County, Gila River, 4.5 miles below CIiff, on U.S. HWY 180.
J. Sands, J. Sherman, and E.H. Huntington. 11 June 1943. n = 14.
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bl

‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1745. New Mexico, Grant County, Gila River, 4.5 miles below CIiff, on U.S. HWY 180.
J. Sands, J. Sherman, and E.H. Huntington. 11 June 1943. n = 14.
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= G. intermedia, Gila Chub = G. nigra, Headwater Chub
g
&) = specimen <50 mm SL; species not determined

@ = G. robusta, Roundtail Chub

MSB 1747. New Mexico, Grant County, Gila River, 9.0 miles below CIiff, on U.S. HWY 180.

J. Sands and E.H. Huntington. 12 June 1953. n = 1.

MSB 1748. New Mexico, Catron County, West Fork Gila River, Gila Wilderness, Gila National

Forest. E.H. Huntington. 18 June 1951. n=1.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.

Page 49 of 119 American Southwest Ichthyological Researchers, L.L.C.
New Mexico Department of Game and Fish 2013 Share with Wildlife Project Professional Services Contract 13-516-0000-00040

-49-



Determining the historical distribution of the Gila robusta complex in the Gila River Basin, NM Final Report
2013 Share with Wildlife Project 14 February 2015

T

g
8 9 [+

it !|“"Nl?:.:llhhiwir;lili‘lllll:

'- V : .I.L;:!)l:llcl ‘
Olu.-,m:lc:) 5 3 " A . G ‘
il | itk “l"’l51|‘<‘lll“l|:i ‘hh‘:‘)-mw‘ | ‘ oottt i "'l\l‘,l!,iﬂlhhilihlilil
‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 1752. New Mexico, Grant County, Gila River, ca. 7.0 miles northeast of Gila, on NM State
HWY 153. W.J. Koster and K.R. Coburn. 27 August 1949. n = 70.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 2007. New Mexico, Catron County, Beaver Creek, ca. junction of Forest Road 150 and NM
State HWY 59, Gila National Forest. W.J. Koster and K.R. Coburn.
4 September 1949. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

MSB 2007. New Mexico, Catron County, Beaver Creek, ca. junction of Forest Road 150 and NM
State HWY 59, Gila National Forest. W.J. Koster and K.R. Coburn.
4 September 1949. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 2007. New Mexico, Catron County, Beaver Creek, ca. junction of Forest Road 150 and NM
State HWY 59, Gila National Forest. W.J. Koster and K.R. Coburn.
4 September 1949. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 2007. New Mexico, Catron County, Beaver Creek, ca. junction of Forest Road 150 and NM
State HWY 59, Gila National Forest. W.J. Koster and K.R. Coburn.
4 September 1949. n = 19.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 2010. New Mexico, Grant County, Gila River, at Red Rock, on NM State HWY 464.
W.J. Koster and K.R. Coburn. 24 August 1949. n = 6.
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Cd# 2HA  No. Cat #2474  No.Z
Gila romsta Gila rolusta
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@ = G. intermedia, Gila Chub (O= G. nigra, Headwater Chub @ = G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 2624. New Mexico, Grant County, East Fork Gila River, 0.25 mile below Lyons Hunting
Lodge Hot Spring, ca. 2.5 miles upstream from West Fork Gila River. G.C. Kobetich,
J. White, and S. Henry. 8 October 1966 n = 1.

MSB 2767. New Mexico, Grant County, East Fork Gila River, 0.25 mile below Lyons Hunting
Lodge Hot Spring, ca. 2.5 miles upstream from West Fork Gila River. G.C. Kobetich.
20 August 1966 n = 2.
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@ = G. intermedia, Gila Chub (O= G. nigra, Headwater Chub @-= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 3130. New Mexico, Grant County, East Fork Gila River, 0.25 mile below Lyons Hunting
Lodge Hot Spring, ca. 2.5 miles upstream from West Fork Gila River. G.C. Kobetich.

28 October 1965 n = 1.
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il

‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 49890. New Mexico, Grant County, Turkey Creek, Gila Wilderness, Gila National Forest.
J.A. Monzingo, R.D. Ward, K.C. Ward, and G.S. Jimenez. 27 June 2001. n = 5.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 62754.  New Mexico, Grant County, Turkey Creek, ca. 0.1 kilometers upstream of a hot
springs, Gila Wilderness, Gila National Forest. D.L. Propst. 5 May 1983. n = 10.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 62754.  New Mexico, Grant County, Turkey Creek, ca. 0.1 kilometers upstream of a hot
springs, Gila Wilderness, Gila National Forest. D.L. Propst. 5 May 1983. n = 10.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 62958. New Mexico, Grant County, Turkey Creek, ca. 0.5 kilometers downstream of
confluence with Sycamore Canyon. D.L. Propst and K.R. Bestgen.
5 July 1983. n = 10.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 62958.  New Mexico, Grant County, Turkey Creek, ca. 0.5 kilometers downstream of
confluence with Sycamore Canyon. D.L. Propst and K.R. Bestgen.
5 July 1983. n = 10.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 63002.  New Mexico, Grant County, Turkey Creek, ca. 0.8 kilometers downstream of hot
springs, Gila Wilderness, Gila National Forest. D.L.Propst.
7 September 1983. n = 11.

Page 72 of 119 American Southwest Ichthyological Researchers, L.L.C.
New Mexico Department of Game and Fish 2013 Share with Wildlife Project Professional Services Contract 13-516-0000-00040

-72 -



Determining the historical distribution of the Gila robusta complex in the Gila River Basin, NM Final Report
2013 Share with Wildlife Project 14 February 2015

i o P

‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 63002. New Mexico, Grant County, Turkey Creek, ca. 0.8 kilometers downstream of hot
springs, Gila Wilderness, Gila National Forest. D.L.Propst.
7 September 1983. n = 11.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 63189. New Mexico, Grant County, Turkey Creek, below hot springs, Gila Wilderness, Gila
National Forest. D.L. Propst. 12 November 1983. n = 12.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

MSB 63189. New Mexico, Grant County, Turkey Creek, below hot springs, Gila Wilderness, Gila
National Forest. D.L. Propst. 12 November 1983. n = 12.

Page 75 of 119 American Southwest Ichthyological Researchers, L.L.C.
New Mexico Department of Game and Fish 2013 Share with Wildlife Project Professional Services Contract 13-516-0000-00040

-75-



Determining the historical distribution of the Gila robusta complex in the Gila River Basin, NM Final Report
2013 Share with Wildlife Project 14 February 2015

PR

‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 77046. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst and K.R. Bestgen. 5 July 1983. n = 16.
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&) = specimen <50 mm SL; species not determined

MSB 77046. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst and K.R. Bestgen. 5 July 1983. n = 16.
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MSB 77046. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst and K.R. Bestgen. 5 July 1983. n = 16.
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MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

MSB 77050. New Mexico, Grant County, Turkey Creek, at hot springs, Gila Wilderness.
D.L. Propst, K.R. Bestgen, C.W. Painter, and J.A. Fowler. 30 January 1984. n = 38.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 110434. New Mexico, Catron County, Taylor Creek, near road between Beaverhead and
Silver City, Gila National Forest; Gila River system. C.M. Tarzwell..
16 August 1935.n=7.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined
UMMZ 110434. New Mexico, Catron County, Taylor Creek, near road between Beaverhead and
Silver City, Gila National Forest; Gila River system. C.M. Tarzwell..
16 August 1935.n=7.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 113528. New Mexico, Catron County, Beaver Creek, at jct of Beaver Creek and Taylor
Creek, Gila National Forest, 90 mi S of Magdalena; Gila drainage. M.A. Gee.
17 March 1936. n = 2.
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‘= G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 118180. New Mexico, Catron County, Taylor Creek, tributary to East Fork of the Gila
River. M.A. Gee and Carr. 26 August 1937. n = 12.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 118180. New Mexico, Catron County, Taylor Creek, tributary to East Fork of the Gila
River. M.A. Gee and Carr. 26 August 1937. n = 12.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

UMMZ 118182. New Mexico, Catron County, Beaver Creek, tributary to East Fork of the Gila
River, Gila River drainage. M.A. Gee and Carr. 27 August 1937.n = 9.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 118182. New Mexico, Catron County, Beaver Creek, tributary to East Fork of the Gila
River, Gila River drainage. M.A. Gee and Carr. 27 August 1937.n = 9.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 124744. New Mexico, Grant County, Gila River, on US 260, at Cliff. Hubbs family.
30 June 1938. n = 27.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 124744. New Mexico, Grant County, Gila River, on US 260, at Cliff. Hubbs family.
30 June 1938. n = 27.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 124744. New Mexico, Grant County, Gila River, on US 260, at Cliff. Hubbs family.
30 June 1938. n = 27.
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UMMZ 124744. New Mexico, Grant County, Gila River, on US 260, at Cliff. Hubbs family.
30 June 1938. n = 27.
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UMMZ 124744. New Mexico, Grant County, Gila River, on US 260, at Cliff. Hubbs family.
30 June 1938. n = 27.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub

&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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‘ = G. intermedia, Gila Chub Q= G. nigra, Headwater Chub ‘= G. robusta, Roundtail Chub
&) = specimen <50 mm SL; species not determined

UMMZ 162740. New Mexico, Grant County, Gila River, ca. 6 miles above Redrock, at mouth of
box canyon; flood tributary Colorado River drainage. R.R. Miller and H.E. Winn.
6 May 1950. n = 39.
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Appendix V. Morphologic measures, meristic values, and species determinations of specimens
>50 mm SL (INT = Gila intermedia, NIG = Gila nigra, ROB = Gila robusta) examined
for this study. (Header Codes: SL = Standard Length, TL = Total Length,
CPL = Caudal Peduncle Length, HL = Head Length, CPD = Caudal Peduncle Depth,
HL/CPD = Head Length divided by Caudal Peduncle Depth, CPL/CPD = Caudal
Peduncle Length divided by Caudal Peduncle Depth, LLS = Lateral Line Scale count,
A = Anal Fin ray count, D = Dorsal Fin ray count).

American Southwest Ichthyological Researchers, L.L.C.
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Appendix V. (continued).

[ [ [specrer] o | w [ om [ [ o [ B [T [us [a]o
INT 1729 111124 | 129.6 255 27.7 10.8 2.56 2.36 77| 8| 8
NIG 1729 2| 126.2 28.7 344 11.1 3.10 2.59 80| 8| 8
NIG 1729 3 79.0 15.7 23.4 7.5 3.12 2.10 79 8 8
INT 1729 4| 123.3 26.8 30.9 11.5 2.69 2.33 79| 8 9
INT 1729 5 98.7 22.4 27 1 9.3 2.91 2.41 77 9 8
INT 1729 6| 102.5| 119.7 19.8 26.9 9.3 2.89 213 80| 8 9
INT 1729 7| 103.3 | 118.7 22.4 27.7 9.8 2.83 2.29 81 9 8
NIG 1729 8 93.2 20.3 26.7 8.8 3.03 2.31 79| 8| 8
INT 1729 111 112.8 25.8 29.3 10.0 2.93 2.58 83| 8| 8
NIG 1729 17 58.5 12.1 16.2 5.0 3.24 2.42 77 8 8
ROB 1731 11 182.8 | 227.0 39.9 44.9 15.1 3.00 2.60 83 9 9
ROB 1731 2| 161.7 | 201.5 354 42.3 13.0 3.30 2.70 80 9 9
ROB 1731 3| 166.4 | 204.8 37.6 41.7 13.2 3.20 2.80 83 9 9
ROB 1731 13 51.6 64.2 10.7 14.5 4.5 3.20 2.40 84 9 9
ROB 1731 14 51.7 66.6 10.6 15.0 4.4 3.80 2.40 83 9 9
ROB 1731 15 55.5 66.5 12.0 16.3 4.8 3.40 2.50 88 9 9
ROB 1731 16 55.7 71.9 11.9 16.0 49 3.30 2.40 92 9 9
ROB 1731 17 56.9 72.0 12.7 16.4 4.0 3.40 2.60 80 9 9
ROB 1731 18 59.2 7.7 12.3 16.6 5.0 3.30 2.50 82 9 9
INT 1731 19 64.4 81.5 13.8 17.2 5.8 2.90 2.40 81 9 9
ROB 1732 11 294.7 | 333.0 60.1 74.4 21.1 3.50 2.80 79 9 9
ROB 1732 2| 268.1 | 301.0 57.5 69.0 20.3 3.40 2.80 84 9 9
ROB 1732 3| 2226 | 273.0 52.0 60.2 17.0 3.50 3.10 81 9 9
ROB 1732 4| 130.8 | 162.3 29.6 35.3 11.1 3.20 2.70 80 9| 8
NIG 1732 5|1 1159 | 142.8 24.0 324 10.9 2.97 2.20 80 9 9
ROB 1732 6 984 | 121.2 21.7 26.3 8.8 3.00 2.50 78 9| 8
ROB 1743 11 195.1 | 299.0 43.1 54.6 15.1 3.62 2.85 80| 8| 8
ROB 1743 21325 | 152.8 294 33.3 11.1 3.00 2.65 81 9 9
NIG 1743 3|1147.0 | 181.5 29.7 37.5 12.5 3.00 2.38 81 8 9
ROB 1743 4 | 183.0 39.3 55.0 16.7 3.29 2.35 88 9 9
ROB 1743 51| 219.0 | 244.0 36.3 48.2 13.7 3.52 2.65 81 8 8
NIG 1743 6| 119.8 | 135.1 24.0 30.0 9.7 3.09 2.47 76 9 9
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Appendix V. (continued).

| occios | Numher | Numner | St | T | 0Pt | W ] PO | gy | gpp US|
ROB 1743 711536 |180.8| 339 | 385| 115 335| 295 80| 9| 9
INT 1743 81236 | 1400 250 | 313 | 118| 265  212| 80| 9| 9
ROB 1745 1123122780 | 509, 64.1 188 | 340 270 82| 9| 9
ROB 1745 22243 | 2750| 501| 606 | 182 | 330, 2.80| 83| 9| 9
ROB 1745 3121382650 | 481 | 580 | 174 | 330| 280 82| 9| 9
ROB 1745 411836 2310 | 382 | 50.0| 1565| 3.20| 250, 85| 9] 9
ROB 1745 5]156.6 | 1920 | 351 | 429 | 133| 3.20| 260 82 8| 9
ROB 1745 6| 248.0 | 304.0| 538 | 649 | 203 | 320 265| 94| 8| 9
ROB 1745 7123102820 | 502 | 588 | 194 | 3.03| 259 92| 9| 9
NIG 1745 81223.0 2670| 46.0| 564 | 185 | 3.05 249| 84| 8| 8
NIG 1745 91213.0| 2640 | 441 | 552 | 182 | 3.03| 242 | 84 8| 8
NIG 1745 10 | 190.0 | 235.0 | 346 | 52.1 16.8| 3.10| 2.06| 83| 9| 8
ROB 1745 111 152.7 | 183.8 | 324 | 391 134 | 292 | 242 | 89| 9| 8
ROB 1745 12 1 153.7 | 188.3 | 318 | 404 | 136 | 297 | 234| 89| 8| 9
NIG 1745 13113191640 232 | 36.2| 115 3.15| 2.02| 8 | 8| 9
ROB 1745 14 1 136.4 | 167.2 | 291 | 396 | 123 | 322 | 237| 84| 8| 9
ROB 1747 1] 859 101.0 | 16.6| 23.0 71 324| 234 8| 9| 9
ROB 1748 1]1109.8 | 133.6 | 253 | 29.7 86| 350| 290 82| 9| 9
ROB 1752 111116 | 139.0 | 243 | 31.6 90| 350| 270 82| 9| 9
ROB 1752 2| 9581220, 213 | 271 83| 320| 260 81| 9| 9
ROB 1752 311024 | 1216 | 23.6 | 28.7 86| 330| 270 81| 9| 9
ROB 1752 412404 264.0 | 535 622 | 174 | 360| 310, 83| 9] 9
ROB 1752 5123702910 458 | 640 | 189 339| 242 | 83| 8| 8
ROB 1752 62210 263.0| 450| 56.2| 16.1| 349 | 280| 8| 9| 9
INT 1752 7] 96.1|117.8| 213 | 25.8 89| 290| 239 79| 8| 8
ROB 1752 35| 107.7 | 131.0 | 20.5| 287 87| 330| 236 8| 9| 9
ROB 1752 36 | 9821222 | 189 | 26.8 79| 339| 239 81| 9| 9
ROB 1752 38| 546 | 65.7| 10.5| 155 43| 360 244 | 87| 9| 9
ROB 1752 44 | 526 | 626 | 114 | 14.2 43| 330 265| 83| 9| 9
NIG 2007 1]1101.2 235 | 289 97| 300| 240 78| 9| 9
INT 2007 2| 973 211 | 26.7 94| 280| 220 80| 8| 8
INT 2007 3| 894 20.7 | 26.0 89 290| 230 78| 8| 8
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Appendix V. (continued).

| occios | Numher | Numner | St | T | 0Pt | W ] PO | gy | gpp US|
NIG 2007 4| 87.7 189 | 25.1 84| 300| 230 80| 8| 8
ROB 2007 5| 853 20.1 | 239 77, 310| 260 81| 9| 9
NIG 2007 6| 73.8 16.1 | 21.2 71| 300| 230 81| 8| 8
NIG 2007 7] 617 145 | 174 58| 3.00| 250 81| 9| 9
NIG 2007 8| 546 112 | 16.5 53| 3.10| 210 79| 8| 8
NIG 2007 9| 538 129 | 15.2 51| 3.00| 250 80| 8| 9
INT 2007 10 | 52.3 123 | 147 53| 2.80| 230 80| 8| 8
NIG 2007 1] 516 11.1 15.3 49| 310 230| 80| 9| 9
ROB 2624 111998 | 2420 | 430 549| 170] 3.20| 250, 84| 9] 9
ROB | 49890 1] 756 | 908 | 145, 20.3 6.2 328| 234 | 83| 9| 9
ROB | 49890 2110251235 | 21.8| 271 93| 290| 233 82| 9| 9
NIG | 49890 311069 | 128.6 | 21.5| 28.6 95| 299| 225 81| 9| 8
NIG | 49890 411211 1474 | 250, 340| 109 ] 312 | 229 82| 9| 9
NIG | 49890 5/171.0 | 1955 | 364 | 453 | 147 3.08| 248 | 82| 9| 9
NIG | 62754 1] 9311195 | 182 | 24.0 77 312| 236 84| 9| 9
NIG | 62754 21158 | 1483 | 227| 309 | 100, 3.09| 227| 81| 9| 8
ROB | 62754 3]1113.1 /1433 | 244 | 306 | 100, 3.06| 244 | 84| 9| 9
INT | 62754 411089 138.0 | 230, 310| 113 | 274| 204 82| 9| 8
INT | 62754 5] 98.1|1235| 20.0| 25.9 94| 276| 213 81| 9| 9
ROB | 62754 6| 80.5]103.3| 147 | 213 6.3 338| 233 83| 9| 8
INT | 62754 711143 | 1451 | 266 | 28.7| 117| 246 | 228 | 82| 9| 9
NIG | 62754 8| 96.1]119.8| 20.2| 254 80| 3.18| 253 | 81| 8| 8
NIG | 62754 9| 7811006 | 14.8 | 20.1 64| 3.14| 2.31 83| 91 9
ROB | 62754 10| 536 | 70.3| 10.3| 15.9 44| 365 236| 82| 9| 9
NIG | 62958 177-1| 741 882 | 144 | 205 6.8 303| 213 ] 83| 9| 9
ROB | 62958 177-2 | 658 | 812 | 143 | 174 58| 3.00| 246 | 81| 9| 8
ROB | 62958 177-3 | 63.9| 793 | 141 17.2 48| 356 | 291 82| 8| 8
ROB | 62958 177-4| 68.9| 87.7| 128 | 19.2 59| 324| 216 81| 9| 9
ROB | 62958 177-5| 525 | 693 | 108 | 15.6 47| 334 | 2.31 811 91 9
ROB | 62958 1776 | 565 704 | 11.5] 158 44| 358 262| 76| 9| 8
NIG | 62958 177-8 | 585 738| 115 167 56 3.00] 206 8] 9] 9
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Appendix V. (continued).

[ [ [specrer] o | w [ om [ [ o [ B [T [us [a]o
ROB 63002 1 57.8 73.2 12.3 15.4 4.7 3.28 2.62 80
ROB 63002 2 58.3 73.3 11.0 16.9 4.3 3.95 2.57 80
ROB 63002 3 64.7 79.2 12.8 17.7 4.6 3.89 2.80 80
NIG 63002 4 53.7 67.9 10.0 15.4 4.5 3.42 2.23 82
ROB 63002 5 70.0 85.7 14.4 20.3 5.2 3.92 2.78 78
NIG 63002 6 63.6 79.1 12.9 17.2 5.6 3.04 2.28 79
ROB 63002 7 71.8 87.2 15.1 20.2 55 3.68 2.74 80
ROB 63002 8 61.3 76.4 13.5 16.7 4.7 3.54 2.86 81
ROB 63002 9 64.3 80.0 11.4 17.9 4.7 3.79 2.41 80
ROB 63002 191-2 99.7 | 123.7 22.4 27.6 8.0 3.43 2.79 82

ROB | 63002 191-3 | 946 | 1157 | 183 | 26.1 81| 323| 226 | 79

NIG | 63189 1]1106.1 | 128.8 | 21.3| 30.9 9.7 317 | 219 79
ROB | 63189 2| 86.2 | 1055 | 194 | 224 6.9 324| 280 80
ROB | 63189 3| 8511027 | 17.9| 228 6.2 3.68| 289 | 82
ROB | 63189 4| 770 954 | 142 | 223 57| 3.89| 247 | 83
ROB | 63189 5| 776 | 975 158 | 219 6.5 340| 245| 83
ROB | 63189 6| 795| 945 164 | 219 6.2 353| 3.15| 81
ROB | 63189 7] 766 | 927 16.1| 20.9 6.1 342 | 264 | 80
ROB | 63189 8| 573 | 728 | 122 | 175 49| 357 3.02| 79
ROB | 63189 9| 679 846 | 134 | 18.2 51| 359 | 265| 80
NIG | 63189 10| 644 | 789 | 12.0| 181 56| 321| 213 | 79

ROB | 77046 | 178-01 | 116.0 | 1424 | 23.7 | 31.7 93| 340| 254 | 85
INT | 77046 | 178-02 | 83.6 | 102.7 | 18.4 | 23.0 86| 267 | 214 | 80
NIG | 77046 | 178-03 | 69.6 | 86.4 | 13.7| 20.1 64| 312 | 212 | 80
INT | 77046 | 178-04 | 64.7 | 821 135 | 173 59| 295| 230 81
INT | 77046 | 178-05| 719 | 90.3 | 13.8 | 204 71, 2.85| 193] 81
INT | 77046 | 178-06 | 65.6 | 81.7 | 119 | 189 7.0 271 1.70 | 82
INT | 77046 | 178-07 | 64.9| 81.1 129 | 183 6.7 274 193] 79
NIG | 77046  178-08 | 555 | 708 | 12.0| 157 57| 277 | 212 | 82
NIG | 77046 | 178-09 | 543 | 674 103 | 149 50| 3.00| 206 | 79
NIG | 77046  178-10 | 70.6| 89.6 | 15.0 | 20.5 6.7 3.07| 225 81

ROB | 77046 | 178-11 | 574 | 709 | 128 | 158 57| 275| 224 | 84
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Appendix V. (continued).

Chub Museum | Specimen HL/ CPL/
| Species | Number | Number S s o AL S CPD CPD e

NIG | 77046 | 178-12 | 524 | 65.1 99| 153 50, 3.03| 1.96 | 81
NIG | 77046 | 178-14 | 56.2 | 72.0 9.6 | 16.2 52| 314 | 187 | 77
NIG | 77046 | 178-15| 52.0| 644 | 103 | 15.2 47| 323 | 219 | 75
ROB | 77050 1] 69.3| 884 | 14.1 19.0 55| 343 | 254 | 84

>
@)

NIG | 77050 2| 650 829, 134 | 16.8 57| 297 | 236 | 80
ROB | 77050 3] 56.1| 715 115| 153 44| 348 | 2.61 82
NIG | 77050 4| 573 | 723 | 104 | 153 51| 3.03| 205| 82
ROB | 77050 5] 80.8 | 102.1 15.8 | 223 6.8 329| 233 | 83
ROB | 77050 6| 529 | 67.2| 10.1 13.9 42| 330, 240| 79
NIG | 77050 7] 806 | 99.7 | 16.2| 223 73| 3.04| 220 | 84
NIG | 77050 8| 78.7| 986 | 16.9| 21.8 72| 3.01| 234 | 83
ROB | 77050 9| 533| 676 11.2| 14.0 3.8 365| 294 | 81
ROB | 77050 10| 709 | 872 142 | 195 59| 332 | 242 | 81

ROB | 77050 | 252-01 | 136.6 | 165.5 | 279 | 375| 106 | 354 | 263 82
ROB | 77050 | 252-02 | 96.2 | 116.2 | 21.7 | 24.8 87| 2.85| 249 | 87
INT | 77050 | 252-03 | 96.7 | 11561 | 20.7 | 24.2 88| 276 | 236 | 80
INT | 77050 | 252-04 | 92.6 | 116.8 | 17.7 | 26.0 88| 297 | 2.01 76
ROB | 77050 | 252-05| 83.6 | 105.3 | 16.7 | 23.3 72| 324| 232 79
NIG | 77050 | 252-06 | 80.6 | 101.2 | 16.6 | 21.6 71 3.02| 232 84
ROB | 77050 | 252-08 | 81.4 | 101.5| 173 | 21.9 6.5 337| 267 | 86
ROB | 77050 | 252-10 | 76.5| 948 | 156 | 193 6.4 3.03| 246 | 83
INT | 77050 | 252-11 | 76.3| 95.0 | 16.1 | 20.0 76| 264 | 212 | 84
NIG | 77050 | 252-13 | 80.4 | 1009 | 164 | 21.1 6.7 3.15| 245 | 82
NIG | 77050 | 252-14 | 745| 935 15.0 | 20.6 6.6 3.14| 227 | 82
NIG | 77050 | 252-15| 755 | 95.0 | 14.6 | 19.8 6.8 290| 215| 84
NIG | 77050 | 252-16 | 76.7| 96.8 | 164 | 21.4 7.0 3.07| 236 | 81
INT | 77050 | 252-19 | 73.3| 88.1 154 | 20.2 71 283 | 216 | 79
NIG | 77050 | 252-20 | 69.7| 88.0 | 13.7 | 18.5 59| 3.14| 233 ] 80
ROB | 77050 | 252-21 | 67.2 | 852 | 14.0,| 17.8 55| 324 | 255| 83
ROB | 77050 | 252-22 | 651 | 80.6 | 132 | 17.6 53| 335| 250 79
ROB | 77050 | 252-23 | 58.1 | 722 | 125 | 15.1 48| 3.13| 2.60| 83
NIG | 77050 | 252-24 | 62.6 | 79.3 99| 16.8 53] 319 | 187 | 82
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Appendix V. (continued).

| occios | Numher | Numner | St | T | 0Pt | W ] PO | gy | gpp US|
INT | 77050 | 252-27 | 554 | 684 | 128 | 14.2 48| 294 265| 81| 9| 9
ROB | 77050 | 252-28 | 554 | 69.7 | 11.8| 145 45| 322 | 261 83| 8| 8
ROB | 77050 | 252-30 | 53.8 | 69.0 | 11.6| 14.6 41| 357 285| 8| 9| 8
ROB | 77050 | 252-31 | 50.2 | 64.8 9.7 | 139 40| 351 244 | 82| 9| 9
NIG | 77050 | 252-32 | 50.2 | 63.3 9.3 141 43| 328 217| 80| 8| 8
ROB | 77050 | 252-33 | 52.2 | 65.5| 10.7 | 143 36| 397| 296 79| 9| 9
ROB | 77050 | 252-41 | 518 | 63.8| 113 | 133 39| 344 | 29 84| 91 9
ROB | 77050 | 252-46 | 53.1 | 66.0 9.7 | 144 44| 326 220| 80| 9| 9
ROB | 77050 | 252-48 | 516 | 63.5| 11.0| 13.0 38| 339| 287 81| 9| 8
ROB | 110434 1]1159.8 | 2020 | 365| 424 | 124 | 342 | 294 80| 8| 8
ROB | 110434 21761 371 478 | 139 | 344 | 267 | 86| 9| 9
NIG | 110434 3]1166.6 | 204.0| 36.0| 440 | 147 | 299 | 245 81| 8| 8
INT | 110434 411114 1370 | 255 | 279 | 114 | 245| 224 82| 9| 8
INT | 110434 511118 |138.0| 235| 306 | 108 | 283 | 218 | 79| 9| 9
INT | 110434 6| 1169 | 1450 | 277 | 314 | 108 | 291 256| 81| 8| 8
ROB | 110434 7] 922 |113.0| 205| 25.5 80| 319| 256 | 79| 8| 8
ROB | 113528 111122 139.0 | 22.0| 305 93| 328| 237 | 77| 8| 9
ROB | 113528 2| 56.1 129 | 156 49| 318 263| 82| 8| 8
INT | 118180 111406 | 1739 | 273 | 369 | 141 ] 262 | 194 83| 9| 8
ROB | 118180 21354 1712 | 30.0| 358 | 11.2| 320 268 | 82| 9| 8
ROB | 118180 3113191656 | 30.7| 347 | 113 3.07| 272 | 8| 9| 9
ROB | 118180 411226 | 152.7 | 252 | 344 | 109 | 3.16 | 2.31 84| 91 9
INT | 118180 511224 | 150.0 | 255 | 31.0| 121 | 256 | 2.11 80| 8| 8
INT | 118180 61193 | 1447 | 262 | 319 | 113| 282 | 232| 86| 8| 9
INT | 118180 7111471390 276 | 300 | 106, 283 | 260 75 8| 8
ROB | 118180 8| 120.2 | 149.3 | 28.1| 321 102 | 3.15| 275 82| 9| 8
ROB | 118180 91106.8 | 135.1 | 244 | 30.9 97| 319| 252 | 83| 9| 9
ROB | 118180 10 | 118.2 | 150.2 | 255 | 321 92| 349 | 277 79| 9| 9
ROB | 118180 111103.1 | 128.0 | 21.5| 291 87| 334| 247 8| 9| 9
INT | 118180 12| 779 | 989 | 16.1| 21.2 74| 286| 218 | 82| 8| 8
NIG | 118182 111336 | 1648 | 302 36.2| 11.7] 3.09| 258 79| 8| 8
ROB | 118182 2/129.0 1 1610 289 | 349 109 320 265| 8| 9| 9
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Appendix V. (continued).

| occios | Numher | Numner | St | T | 0Pt | W ] PO | gy | gpp US|
NIG | 118182 311239 |150.7| 265| 347 | 115 3.02| 230 78| 8| 9
NIG | 118182 4111321381 | 263 | 30.7| 104 | 295| 253 82| 8| 8
NIG | 118182 511022 | 131.2 | 20.9| 28.6 93| 308| 225 76| 9| 9
INT | 118182 6| 943 117.8| 20.7| 255 91| 280| 227 68| 8| 8
INT | 118182 7] 8981127 | 226 | 253 94| 269| 240 | 72| 8| 8
INT | 118182 8| 8551075 195 | 235 86| 273| 227 76| 8| 8
INT | 118182 9] 76.0| 95.1 175 | 215 75| 287| 233 70| 8| 8
ROB | 124744 1]106.8 227 | 29.7 90| 330| 252 8| 9| 8
INT | 124744 2/1145|138.0| 241 | 306 | 104 | 294 | 232| 75| 9| 8
ROB | 124744 3| 8501036 | 184 | 23.9 73| 327| 252 84| 9| 9
ROB | 124744 4| 845 104.2 | 185 | 245 75| 327 | 247 87| 9| 9
ROB | 124744 5| 764 | 930 168 | 214 6.5 329| 258 8| 9| 9
NIG | 124744 6| 761 954 | 175 | 21.2 72| 294| 243 | 80| 9| 8
ROB | 124744 7| 66.8| 835 149 | 188 56| 336| 266 83| 9| 9
ROB | 124744 8| 53.9 11.8| 164 46| 357 257| 80| 8| 8
NIG | 124744 9| 548 69.2| 10.7| 15.8 51| 3.10| 210 81| 9| 9
NIG | 124744 10| 68.1| 850, 144 | 18.6 6.3 295| 229 80| 9| 9
ROB | 124744 11 ] 573 133 | 173 52| 333| 256 79| 8| 9
NIG | 124744 12| 57.2 12.8 | 16.0 53| 3.02| 242 | 78| 8| 8
NIG | 124744 13| 73.0 16.0 | 20.6 6.9 299| 232 77| 9| 8
ROB | 124744 14| 644 | 802, 13.9| 189 59| 320| 236 81| 9| 9
ROB | 124744 15| 67.3 14.8 | 19.2 51| 376| 290 84| 9| 9
ROB | 124744 16 | 69.6| 83.6 | 15.1 19.8 6.0 330| 252 87| 9| 9
INT | 124744 17 | 56.6 123 | 16.7 6.1 274| 202 68| 8| 8
INT | 124744 18| 554 | 71.1 124 | 16.5 58| 284| 214 | 71| 8| 8
ROB | 124744 19| 583.0| 677 113 | 155 42| 369 269| 8| 9| 9
ROB | 124744 20| 67.9| 851 156 | 18.9 55| 344 | 284 94| 9| 9
NIG | 124744 21| 60.9 120 17.2 55| 313| 218 | 79| 8| 9
NIG | 124744 22 | 60.0 127 | 17.0 58| 293| 219 | 78| 9| 8
ROB | 124744 23| 553 | 698 | 122 | 157 44| 357 277| 82| 9| 9
NIG | 124744 24 | 585 129 | 16.2 53| 3.06| 243 | 73| 8| 8
NIG | 124744 25| 587 1.5 17.0 55| 3.09] 209 72| 9] 8
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Appendix V. (continued).

| occios | Numher | Numner | St | T | 0Pt | W ] PO | gy | gpp US|
ROB | 124744 118 | 189.3 | 234.0 | 40.6 | 48.1 155 310 262 | 81| 9| 8
ROB | 162740 111608 | 1970 | 365| 420| 125] 336 | 292 8| 9| 9
ROB | 162740 2| 86.2|107.7 | 17.8| 23.3 76| 307| 234 89| 9| 9
ROB | 162740 3] 8311025 184 | 22.0 6.6 333| 279 8| 9| 9
NIG | 162740 4| 681 84.7| 146 | 20.0 6.5 308| 225 81| 9| 9
ROB | 162740 5| 798| 996 | 183 | 22.0 72| 306| 254 87| 9| 9
ROB | 162740 6| 677 | 836, 154 | 184 6.0 307| 257 8| 9| 9
ROB | 162740 7] 761 945 | 17.7| 20.6 6.7, 307| 264 | 8| 9| 9
ROB | 162740 8| 777 964 | 166 | 211 6.9, 3.05| 241 86| 9| 8
NIG | 162740 9| 614 | 77.7| 134 | 17.8 59| 3.02| 227 | 83| 8| 8
INT | 162740 10| 754 | 93.1 17.5| 19.9 72| 276| 243 | 80| 8| 8
NIG | 162740 11] 693 | 86.9| 151 19.9 6.8 293| 222 79| 9| 9
NIG | 162740 12| 725 89.9| 151 19.8 6.5 305| 232 84| 9| 8
ROB | 162740 13| 74.9 155 | 20.8 6.1 341| 254 81| 8| 9
ROB | 162740 14| 789 | 96.8| 175 | 217 71| 306| 246 | 8| 9| 8
ROB | 162740 15| 646 | 812 | 146 | 181 6.1 299 | 241 84| 91 9
ROB | 162740 16 | 776 | 99.2 | 164 | 225 72| 313| 228 | 82| 9| 9
ROB | 162740 17| 749 | 928 | 173 | 204 64 319| 270 81| 9| 9
ROB | 162740 18| 659 | 83.0, 153 | 18.6 6.0 310| 255 80| 9| 8
ROB | 162740 19| 79.2 | 100.0 | 183 | 21.8 73] 299 | 251 85| 91 9
ROB | 162740 20| 589 | 744 | 133 | 16.7 52| 321| 256 | 80| 9| 8
ROB | 162740 21| 673 84.0| 149 19.0 55| 345 | 271 84| 91 9
ROB | 162740 22| 706, 86.8| 15.0| 19.0 6.3 3.02| 238 84| 9| 9
ROB | 162740 23| 682 | 852 | 154 | 19.2 56| 343| 275 8| 9| 9
ROB | 162740 24 | 777 956 | 161 | 216 6.3 343| 256 | 83| 9| 9
ROB | 162740 25| 676 | 849 | 152 | 19.1 6.0 3.18| 253 | 8| 9| 8
ROB | 162740 26| 591 | 743 | 138 | 17.1 48| 356 288| 82| 9| 8
ROB | 162740 27| 645 809 | 148 | 17.8 58| 3.07| 255 80| 9| 9
ROB | 162740 28| 623 | 78.7| 13.0] 17.8 54| 330 | 241 83| 9] 8
ROB | 162740 29| 650, 808 | 152 | 18.2 57| 319| 267 | 8| 9| 9
NIG | 162740 30| 67.9 143 | 18.9 6.2 3.05| 2.31 80| 91 9
ROB | 162740 31| 635] 783 ] 13.2 ] 183 56| 327| 236 83| 9] 9
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Appendix V. (continued).

| soocies | Number | Namper | - | T- | OPt | M | D | gpp | Gpp [US[A|D
ROB | 162740 32| 59.0| 739 | 114 | 171 48| 356 | 238 83| 9] 9
ROB | 162740 33| 625| 789 | 139 | 17.1 50| 342 278| 88 9| 9
NIG | 162740 34| 595| 74.0| 129 | 16.6 55| 302 | 235| 82 8| 8
ROB | 162740 35| 57.8| 735| 127 | 16.6 51| 325| 249| 8 9| 8
ROB | 162740 36| 56.0| 69.8| 11.9| 1538 48| 329 | 248 79| 9] 9
ROB | 162740 37| 583 | 736 | 12.8| 16.6 47| 353| 272 80| 9] 8
ROB | 162740 38| 540 684 11.7 16.2 47| 345 | 249 81 9| 8
NIG | 162740 39| 743] 909 165 209 69| 303] 239| 81 8| 8
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Appendix VI.  Morphologic measures and meristic values of specimens <50 mm SL examined for
this study. (Header Codes: SL = Standard Length, TL = Total Length, CPL = Caudal
Peduncle Length, HL = Head Length, CPD = Caudal Peduncle Depth, HL/CPD =
Head Length divided by Caudal Peduncle Depth, CPL/CPD = Caudal Peduncle
Length divided by Caudal Peduncle Depth, LLS = Lateral Line Scale count, A = Anal
Fin ray count, D = Dorsal Fin ray count).
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Appendix VI. (continued).

'\rf'lﬂfnet;‘g: Sﬁjﬁi’;’;” sL L CPL | HL | cPD CH'F;S %i'b/ s | A | D
1730 1 48.1 62.9 10.6 14.0 40| 350 | 2.65 81 9| 9
1731 4| 40.2 52.1 8.3 12.0 39| 3.08| 213 9| 8
1731 5| 417 | 544 8.5 12.8 36| 356 | 236 9| 8
1731 6| 439 554 8.8 12.4 4.4 2.82 2.00 9| 8
1731 7| 441 56.0 9.5 13.1 4.1 3.20 2.32 8| 8
1731 8| 458 59.5 10.0 13.4 4.1 3.27 2.44 9| 8
1731 9| 469 | 61.1 10.3 13.8 44| 314 | 2.34 80| 9| 8
1731 10 | 46.0 59.2 10.1 13.5 4.2 3.21 2.40 8| 8
1731 11 49.7 63.7 11.0 14.5 4.2 3.45 2.62 9| 9
1731 12 49.9 64.8 10.5 14.0 4.6 3.04 2.28 9| 8
1732 7| 418 | 49.2 9.2 12.6 4.1 3.07 2.24 9| 9
1732 8| 35.1 39.2 7.2 11.0 33| 333 | 218 9| 9
1736 1 38.7 | 47.6 8.0 12.2 3.8 3.21 2.1 9| 9
1736 2 454 | 496 10.4 13.7 4.2 3.26 2.48 9| 9
1736 3 37.3 | 451 7.8 11.6 3.2 3.63 2.44 9| 9
1736 4 28.2 35.2 6.0 8.9 2.6 3.42 2.31 9| 9
1737 1 40.0 | 50.8 8.2 13.3 36| 369 | 228 9| 8
1737 2 47.4 62.6 10.3 14.4 3.9 3.69 2.64 9| 8
1737 3| 420, 511 8.1 12.8 3.3 | 388 | 245 9| 9
1737 4 346 | 44.5 6.8 10.6 2.7 3.93 2.52 9| 9
1737 5| 41.0 52.6 8.1 12.3 3.4 3.62 2.38 9| 8
1737 6| 43.7 54.0 8.5 13.0 3.9 3.33 2.18 9| 9
1737 7 384 | 495 8.1 11.6 3.3 3.52 2.45 9| 9
1737 8| 36.9| 47.8 7.4 11.1 36| 3.08| 206 9| 9
1737 9| 321 40.3 6.2 10.5 3.1 3.39 | 2.00 9| 8
1737 10 37.2 48.5 7.5 10.8 2.9 3.72 2.59 9| 8
1737 11 327 | 421 7.3 10.0 36| 278 | 203 8| 8
1738 1 26.8 35.0 5.7 8.1 2.1 3.86 2.71 79| 9| 9
1739 1 364 | 45.0 7.6 10.9 3.2 3.41 2.38 9| 9
1752 8| 47.7 56.5 10.2 14.2 4.3 3.30 2.37 9| 9
1752 9 37.9 8.2 12.1 3.3 3.67 2.48 9| 9
1752 10 39.7 | 47.0 6.7 11.7 29| 4.03 2.31 9| 9
1752 11 33.3 | 38.1 5.7 10.0 25| 400 | 2.28 9| 9
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Appendix VI. (continued).

'\rf'lﬂfnet;‘g: Sﬁjﬁi’;’;” sL L CPL | HL | cPD CH'F;S %i'b/ s | A | D
1752 12 44 4 52.8 8.8 13.0 4.1 3.17 2.15 81 9| 9
1752 13| 48.2 59.2 9.8 14.3 4.8 2.98 2.04 9| 9
1752 14 374 | 45.2 7.2 11.7 3.1 3.76 2.32 9| 9
1752 15| 329 | 37.3 7.6 9.8 23| 426 | 3.30 9| 9
1752 16 | 40.9| 48.0 8.0 12.0 3.7 3.24 2.16 9| 9
1752 17 | 433 9.2 12.5 3.7 3.38 2.49 9| 9
1752 18 | 46.5 9.5 14.2 40| 355| 2.38 84| 9| 9
1752 19| 423 | 47.0 8.9 13.3 3.9 3.41 2.28 9| 9
1752 20 | 452 54.4 8.2 13.3 38| 350 | 216 9| 9
1752 21 386 | 45.0 7.4 11.2 3.2 3.50 2.31 8| 8
1752 22 | 452 9.6 13.1 37| 354 | 259 9| 9
1752 23| 41.3| 48.2 7.0 12.0 3.1 3.87 2.26 9| 9
1752 24 345 | 405 7.2 10.3 2.7 3.79 2.65 9| 9
1752 25| 46.6 | 554 9.8 13.6 40| 340 | 245 83| 9| 9
1752 26 | 4338 53.3 8.0 13.1 3.5 3.74 2.29 9| 9
1752 27 | 45.1 54.2 8.3 13.3 3.4 3.91 2.44 9| 9
1752 28 | 39.3| 46.5 8.2 11.6 3.3| 352 | 248 9| 8
1752 29 37.8 | 435 7.0 10.9 3.8 2.87 1.84 9| 9
1752 30| 46.6 56.3 8.4 13.4 3.9 3.44 2.15 84| 9| 8
1752 31 358 | 413 7.3 10.2 29| 352 | 252 9| 9
1752 32 423 | 49.0 8.2 12.7 3.7 3.43 2.22 9| 9
1752 33| 407 8.3 12.2 3.3 3.70 2.52 9| 9
1752 34| 459 | 539 7.9 13.4 40| 3.35 1.98 9| 9
1752 37| 451 55.0 8.4 13.1 4.0 3.28 2.10 9| 9
1752 39| 453 54 1 8.7 13.6 4.2 3.24 2.07 9| 9
1752 40 27.3 314 6.0 7.8 2.4 3.25 2.50 8| 8
1752 41 30.9 6.9 11.0 25| 440 | 2.76 9| 9
1752 42 33.2 38.6 6.5 9.9 2.9 3.41 2.24 9| 9
1752 43 354 | 405 7.3 9.8 2.8 3.50 2.61 9| 9
1752 45 35.8| 423 10.2 14.4 4.6 3.13 2.22 9| 8
1752 46 | 429 | 50.0 7.4 12.5 4.1 3.05 1.80 9| 9
1752 47 | 46.5 56.1 9.2 13.5 4.2 3.21 2.18 9| 9
1752 48 | 416 | 495 8.4 12.5 3.8 3.29 2.21 9| 8
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Appendix VI. (continued).

'\rf'lﬂfnet;‘g: Sﬁjﬁi’;’;” sL L CPL | HL | cPD CH'F;S %i'b/ s | A | D
1752 49 39.3| 47.0 7.9 11.6 3.4 3.41 2.32 9| 9
1752 50| 404 | 4538 7.8 11.9 3.3 3.61 2.36 9| 9
1752 51 418 | 479 8.5 12.5 3.2 3.91 2.66 9| 9
1752 52 38.9 5.9 11.5 3.4 3.38 1.74 9| 9
1752 53| 36.3| 432 5.6 10.2 3.3 | 3.09 1.70 9| 9
1752 54 | 447 53.1 8.9 13.3 4.3 3.09 2.07 9| 9
1752 55| 409 | 49.0 7.3 12.4 3.6 3.44 2.03 9| 9
1752 56 30.7 33.9 5.7 9.4 2.2 4.27 2.59 9| 9
1752 57| 39.8| 464 6.6 11.9 34| 3.50 1.94 9| 8
1752 58 | 405 | 494 8.8 11.6 3.1 3.74 2.84 9| 9
1752 59| 446 | 522 8.4 12.8 32| 400| 263 8| 9
1752 60 39.1 46.6 7.2 11.6 3.7 3.14 1.95 9| 9
1752 61 36.4 | 43.1 7.4 11.1 3.0 3.74 2.50 9| 9
1752 62 30.0 5.3 10.4 3.0 3.47 1.77 9| 9
1752 63 | 33.6 6.3 9.8 24| 4,08 | 2.63 9| 9
1752 64 | 43.2 524 7.4 13.1 36| 364 | 206 8| 9
1752 65| 434 51.2 7.6 12.6 3.7 3.41 2.05 9| 9
1752 66 | 414 7.2 11.2 3.6 | 3.11 2.00 9| 9
1752 67 | 41.8 8.3 12.4 3.7 3.35 2.24 9| 9
1752 68 | 40.6 7.2 11.5 3.2 3.59 | 225 9| 9
1752 69 314 5.5 9.7 2.7 3.59 2.04 9| 9
1752 70| 435 | 5238 8.8 13.1 37| 354 | 238 8| 9
2007 12 495 11.4 14.6 4.6 3.17 2.48 83| 8| 8
2007 13 | 46.9 10.9 13.9 44| 316 | 2.48 83| 9| 9
2007 14 | 456 9.2 13.1 4.1 3.20 2.24 85| 9| 9
2007 15| 37.0 8.0 11.9 4.1 2.90 1.95 81 8| 8
2007 16 | 39.8 7.8 12.3 4.1 3.00 1.90 80| 8| 8
2007 17 | 40.1 9.1 11.2 35| 320 | 260 82| 8| 8
2007 18 | 31.9 6.7 10.6 3.2 3.31 2.09 83| 8| 8
2007 19| 31.9 7.1 10.4 35| 297 | 203 83| 9| 9
2010 1 43.3 | 57.2 9.2 13.8 39| 354 | 236 87| 7| 8
2010 2| 40.0| 537 8.5 12.5 36| 347 | 236 82| 9| 9
2010 3 294 37.5 6.4 9.0 2.3 3.91 2.78 9| 8
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Appendix VI. (continued).

'\rf'lﬂfnet;‘g: Sﬁjﬁi’;’;” sL L CPL | HL | cPD CH'F;S %‘;‘b/ s | A | D
2010 4| 27.3| 35.2 5.5 9.0 26| 346 | 2.12 9| 9
2010 5| 265| 35.0 5.5 8.4 2.1 4.00 | 2.62 9| 9
2010 6| 215| 274 3.5 7.0 1.9 | 3.68 1.84 9| 9
2767 1 47.7 59.9 9.6 13.6 4.3 3.16 2.23 8| 9
2767 2| 421 52.1 9.2 12.3 36| 342 | 256 9| 8
3130 1 224 | 28.3 5.5 6.8 2.2 3.09| 250 79| 8| 8

62958 | 177-07 | 48.3 57.7 9.3 15.0 4.4 3.41 2.1 8 8
62958 | 177-09 | 48.8 | 62.5 10.2 13.5 43| 314 | 2.37 9| 9
62958 | 177-10 | 47.6 57.1 10.3 14.4 4.2 3.43 2.45 8 8
63189 11 48.3 | 58.9 9.8 | 13.1 40| 328 | 245 9| 9
63189 12 | 48.1 62.0 9.9 13.7 44| 3.11 2.25 9| 9
77046 | 178-13 | 491 61.4 8.9 13.2 4.6 2.87 1.93 8| 8
77046 | 178-16 | 33.5 6.3 9.1 34| 268 1.85 9| 8
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