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a b s t r a c t

Standardized evaluation of sperm quality is essential for research, commercial-scale cryopreservation,
and induced spawning. However, standardized methods for evaluation of sperm bundles (spermato-
zeugmata or spermatophores) have not been established. The purpose of the present study was to use
Redtail Splitfin (Xenotoca eiseni) as a model for freshwater livebearing fishes to establish initial stan-
dardized methods to collect sperm bundles, and quantitatively and qualitatively evaluate quality-related
attributes. No sperm or sperm bundles were able to be collected by stripping. Testes were removed,
rinsed, weighed, placed in 50 mL of buffer solution on a glass slide, and crushed gently 3e5 times with
angled spade-tip forceps. Sperm bundles were released into the buffer solution and collected with a
pipette into 1.5-mL centrifuge tubes. To quantify size and shape, images of bundles were captured with a
CCD camera connected to a microscope, and measured with computer software. There was no significant
correlation between body wet weight and major bundle axis length (P ¼ 0.6759), minor axis length
(P ¼ 0.5658), average axis length (P ¼ 0.5869), aspect ratio (P ¼ 0.7839), and observed area (P ¼ 0.5727).
The concentrations of sperm bundles, estimated with the three methods (Makler® counting chamber, a
hemocytometer, and direct counting) were significantly different (P < 0.0001). Hemocytometers were
suitable for estimation of bundles from X. eiseni. To evaluate activation of sperm, bundles were viewed
with a microscope, and classified into one of five phases by evaluating morphology of the bundles and
motion of sperm within the bundles as Phase 0 through Phase 4 that represented early through late
activation stages. The frequencies and duration of each activation phase were used to evaluate dissoci-
ation of sperm bundles and motility capability of spermwithin the bundles. Within 180 min of activation,
all five phases were observed. Overall, this study for the first time established standardized methods to
collect and evaluate quality-related attributes of sperm bundles. These standardized evaluations provide
a basis for further modification, standardization, and generalization, which are useful in research on
livebearing fishes involving male gametes, such as studies on cryopreservation, artificial insemination,
and in development of germplasm repositories for imperiled species including goodeids.

© 2017 Elsevier Inc. All rights reserved.
1. Introduction

Standardized quality evaluation is essential for sperm cryo-
preservation and induced spawning [1]. In research to develop
cryopreservation protocols for aquatic species, sperm quality is
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used to assess the effects of treatments in key steps such as
extender choice, motility activation, cryoprotectant toxicity, cooling
and thawing rates, and fertilization assays [2]. For applied and
commercial-scale sperm cryopreservation, systematic quality
evaluation has been established for humans [3], livestock [4], and
has been proposed for aquatic species [5]. In aquatic species the
most widely used parameter for the evaluation of sperm quality is
percent motility, which can be an important indicator of fertiliza-
tion success and can be monitored without the time- or sample-
consuming observation of fertilization and embryo development
[6]. For example, percent motility were correlated with fertilization
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yield of thawed sperm in Common Carp (Cyprinus carpio) [7].
Percent motility and motility duration can be estimated by direct
observation (with naked eye) using a microscope or by computer-
assisted sperm analysis (CASA) systems. However, standardization
of evaluation approaches is usually overlooked, which can be
problematic for the reproducibility of research findings and quality
assurance of production [1]. Various procedures of motility evalu-
ation from different sources make it difficult or impossible to
directly compare research results, and insufficient checkpoints
during commercial-scale cryopreservation make the quality of final
products unpredictable. Sperm concentration is another important
indicator of initial sperm quality upon collection, and it can
significantly affect motility and the level of agglutination of thawed
sperm and fertilization rates [8e10], but sperm concentration is
often not adjusted or reported in standardized methods in publi-
cations regarding sperm cryopreservation for aquatic species.

Species that package sperm in bundles further challenge stan-
dardized evaluation of gamete quality. Bundles are formed by
packing of numerous sperm cells into unencapsulated (spermato-
zeugmata) or encapsulated (spermatophores) clusters [11]. The
formation of sperm bundles has been identified in invertebrates
including nematodes [12], annelids [13], arthropods [14] and mol-
luscs [15], and in vertebrates including amphibians [16], chon-
drichthyans [17], and teleosts [18]. The occurrence of sperm
bundles is sporadic among vertebrates and usually accompanied
with internal fertilization and viviparity in fishes [19]. Bundles are
believed to facilitate the systematic transfer of sperm from male to
female [18], however, they pose difficulty for standardized assess-
ment of male gametes. For example, sperm from most externally
fertilized fish do not form bundles (referred as ‘free sperm’). Upon
activation by suitable media, the percentage of motile free sperm
can be estimated by counting. However, such methods cannot be
applied to sperm within bundles, for example, to study the effects
of physiochemical factors on activation of spermwithin the bundles
[20], cryopreservation of sperm bundles, or comparison of fertil-
ization rates between free and bundle-form sperm. In addition to
activation, the concentration of free sperm is usually measured
with a hemocytometer or specialized counting chamber by iden-
tifying the number of sperm cells present in a unit volume, but
these devices have not been reliably applied for use with sperm
bundles. Sperm morphology is also used to assess sperm quality.
For example, morphological examination of fish sperm is an useful
tool for monitoring reproductive disruption caused by environ-
mental pollution [21]. Bundle morphology can also be useful to
indicate sperm quality, but to date, no standardized approaches
have been established to evaluate quality-related attributes, such as
activation, concentration, and morphology of sperm bundles from
fishes.

Livebearing has been documented in 54 extant families of fishes,
including 40 families of chondrichthyans, one montypic family of
coelacanths (Latimeria), and 13 families of teleosts [22]. Among
these, species from 5 families inhabit freshwater, including 3
families within Cyprinodontiformes (Poeciliidae, Goodeidae, and
Anablepidae), 1 family in Beloniformes (Hemiramphidae), and 1
family in Scorpaeniformes (Comephoridae) [23]. Livebearing fishes
employ internal fertilization, and sperm from freshwater live-
bearing fishes are typically packed into spermatozeugmata [11].
Poeciliidae is the largest freshwater livebearing family, comprising
more than 200 species with internal fertilization. Poeciliids are
popular ornamental species, important cancer research models,
and have been used for mosquito control [24]. Sperm from Poeci-
liidae has been used in studies addressing reproductive behavior
[25], evolution [26], toxicology [27], and establishment of germ-
plasm repositories [28]. Goodeidae, the second largest freshwater
livebearing family (about 38 livebearing species), is considered to
be one of the most at-risk fish groups in the world [29]. As of 2005,
the conservation status of livebearing goodeids included 2 species
categorized as extinct in the wild, 17 as critically endangered, 5
endangered, 2 threatened, 11 vulnerable, and only 3 at lower risk
rankings [30]. Sperm from poeciliids and goodeids form sperm
bundles and the mechanism by which the bundles are dissociated
and sperm are activated in the female reproductive tract is not
clear. Standardized quantitative or qualitative approaches are
necessary to study the activation mechanism of sperm within
bundles, improve artificial reproduction, and develop protocols of
cryopreservation of sperm bundles for freshwater livebearing
species. In the present study, the Redtail Splitfin (Xenotoca eiseni,
Goodeidae) was used as amodel for freshwater livebearing fishes to
establish standardized methods to collect sperm bundles, and
quantitatively and qualitatively evaluate quality-related attributes.
The specific objectives were to: (1) establish and apply standard-
ized methods to collect sperm bundles, (2) quantitatively evaluate
their sizes and concentrations, and (3) classify activation patterns of
sperm within bundles.

2. Materials and methods

2.1. Fish husbandry

Protocols for the use of animals in this study were reviewed and
approved by the Louisiana State University Institutional Animal
Care and Use Committee (Baton Rouge, LA, USA). The X. eiseni used
in this study were 2-y old and maintained at the Aquatic Germ-
plasm and Genetic Resources Center (AGGRC) at the Louisiana State
University Agricultural Center (Baton Rouge, LA). About 200 fish
were cultured indoors at 22e26 �C with a 14 h:10 h (light:dark)
photoperiod in four individual tanks within an 800-L recirculating
system and fed twice daily with tropical flakes (Pentair Aquatic
Eco-systems, FL, USA) and twice weekly with brine shrimp (Sally's
Frozen Brine Shrimp™, San Francisco Bay Brand, CA, USA). Males
were maintained at a 2:1 ratio with females in each tank until 2 d
before experiments. Additional water quality parameters were
monitored weekly and held within acceptable ranges including: pH
(7.0e8.0), ammonia (0e1.0 mg/L), and nitrites (0e0.8 mg/L).

2.2. Collection of sperm bundles

Fish were anesthetized with 0.01% tricaine methanesulfonate
(MS-222,Western Chemical, Inc. WA, USA) diluted with water from
the fish tank. To eliminate MS-222 residues, the surface of fish was
wiped with a paper towel and rinsed with buffer solution (NaCl
solution at 300 mOsmol/kg buffered by 10 mM HEPES-NaOH at pH
7.0). The fish was wiped again and body wet weight was measured.
Osmolalities of buffer solutions were measured with a freezing
point osmometer (Model 5010 OSMETTE III ™, Precision Systems
Inc., MA, USA) and pH was measured with a pH meter (EcoSense®

pH100A, YSI Inc., OH, USA). To collect milt by stripping, fish were
placed on their back on a sponge and squeezed gently, followed by
milt being collected with a 10-mL capillary by mouth suction
through a rubber tube. If no milt was collected, testes were
removed by dissection. Testeswere rinsed, weighed, placed in 50 mL
of buffer solution on a glass slide, and crushed gently 3e5 times
with angled spade-tip forceps. Sperm bundles were released into
the buffer solution and collected with a pipette into 1.5-mL
centrifuge tubes. Volumes of sperm bundle suspension were
adjusted to 100 mL by addition of the buffer solution.

The gonadosomatic index (GSI) was calculated as: (testes
weight/body wet weight) � 100%. Pearson correlation coefficient
(r) with SAS (PROC CORR) (SAS version 9.4, SAS Institute, NC, USA)
was used to evaluate the relationship between body wet weight
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and testis weight. In this study, the results were considered sta-
tistically significant at P < 0.05.

2.3. Quantification of size and shape of sperm bundles

Bundle suspension (2 mL) from each fish was pipetted on a glass
slide, and imageswere observedwith amicroscope (CX41, Olympus
Corporation, Tokyo, Japan) at 200-x magnification and captured
with the CCD camera of a computer-assisted sperm analysis (CASA)
system (HTM-CEROS, version 14 Build 013, Hamilton Thorne Bio-
sciences, MA, US). Buffer solution was added on the slide to assist
observation when necessary. The sperm bundles in the images
were elliptical in shape with the major and minor axes measured
with ImageJ software (National Institutes of Health, MD, USA).
ImageJ measurements were calibrated using a Makler® counting
chamber (Sefi-Medical Instruments, Haifa, Israel). For each fish,
20e30 sperm bundles were measured. Average axis length of a
sperm bundle was calculated as (major axis length þ minor axis
length)/2, aspect ratio of axes was calculated as minor length/major
length, and observed area was estimated as p (z3.14) � major axis
length � minor axis length. Pearson correlation coefficients were
used to evaluate the relationship between body wet weight, and
major and minor axis length, average axis length, aspect ratio, and
observed area.

2.4. Quantification of concentration of sperm bundles

Three methods were used to estimate concentration of sperm
bundles in a pooled sample containing about 500 mL of sperm
bundle suspension from 10 fish. The first method was with the
Makler® counting chamber, which has been used tomeasure sperm
concentration in humans [31], livestock [32], and fishes [33]. Pooled
sperm bundles were resuspended with a vortex mixer, and 5 mL
were transferred onto the central area of the base of the counting
chamber followed by placing the cover slip on top. With the mi-
croscope at 200-x magnification, the number of sperm bundles
within 100 squares was counted and recorded (Fig. 1A). In the
second method, 10 mL of the suspension were loaded to one of the
two separate counting areas of a hemocytometer (Hausser Scien-
tific, Horsham, PA, USA) and covered with a cover slip. The number
of sperm bundles within the central 1 � 1 mm square was counted
and recorded (Fig. 1B). In the Makler® and hemocytometer
methods, sperm bundles located on the top and right boundary
Fig. 1. Observation of sperm bundles from X. eiseni and evaluation scheme. (A) Observation b
The white spots outside spermatozeugmata were debris or free sperm. The observed size
coverslip in this chamber (10 mm chamber height). (B) View of the bundles within a hemocyt
and (B) only show a proportion of the total number of squares. (C) Evaluation scheme fo
distributed in a viewing area (within the dashed circle) of a microscope. The dashed straigh
double-arrows indicate sperm vibrating in place but not swimming. In the dashed circle, ther
thus the FAPs are estimated as 60% FAP0, 10% FAP1, 10% FAP2, 10% FAP3, and 10% FAP4. For de
reflect actual scale.
lines of the counting area were not recorded, whereas bundles
located on top of the bottom and left boundary lines were counted.
After each counting, another 5 mL (10 mL for the hemocytometer
method) of suspension was measured as a repeated measurement
with a total of 10 measurements for each counting method. The
average of number of sperm bundles counted in 10 measurements
was calculated as N. The concentration of sperm bundles was
estimated as N � 102/mL for the counting chamber method and
N � 10/mL for the hemocytometer method.

A third method was used as a control group, in which 1 mL of
suspension was placed onto a glass slide followed by use of a cover
glass. The slide was viewed using a stereo microscope (SMZ-U,
Nikon, Tokyo, Japan) at 40e60-x magnification. Images of all sperm
bundles were captured with a digital camera (K-5, Pentax, Tokyo,
Japan) and the number of all sperm bundles observed from the
image was counted using ImageJ software (ten replicates per
sample). The concentration of sperm bundles was estimated as N/
mL. The time required to conduct each method (from sample
loading to completion of counting) was recorded. Differences in
concentration estimations of sperm bundles among the three
methods were assessed with one-way ANOVA with Tukey's mul-
tiple comparisons test with SAS. Data were log10-transformed to
fulfill all assumptions for one-way ANOVA test prior to statistical
analyses.

2.5. Classification of activation of sperm bundles

To activate motility of sperm within bundles, each suspension
was mixed with activation media on the counting chamber and a
coverslip was placed on top, followed by viewing at 200-x
magnification. The bundles were intact and static before activa-
tion, and gradually dissociated accompanied by sperm swimming
away if activated (Fig. 2). Towards the end of activation, bundles
ceased to dissociate further resulting from the decrease of motility
capability of sperm within the bundles (Fig. 2). To evaluate the
dissociation and activation, 5e15 sperm bundles within a viewing
area were classified into one of five phases by evaluating
morphology of the bundles and motion of sperm within the bun-
dles as Phase 0 (P0) through Phase 4 (P4) representing early through
late activation stages (Fig. 1C). The frequencies of each activation
phase (FAP) were referred to as FAP0 through FAP4 andwere used to
evaluate dissociation of sperm bundles and motility capability of
sperm within the bundles (Fig. 1C). A total of 2 or 3 different
y use of a Makler® counting chamber and microscopy (dark field, 200-x magnification).
s of spermatozeugmata were larger than their actual size due to compression by the
ometer (50-x magnification). Due to magnification and camera limitation, images in (A)
r the five activation phases of sperm within bundles by categorizing sperm bundles
t arrows indicate free-swimming sperm released from a sperm bundle and the curved
e are ten sperm bundles including six at P0, one at P1, one at P2, one at P3, and one at P4,
monstration purposes, the sizes of spermatozeugmata, sperm, and viewing area do not



Fig. 2. Dissociation of sperm bundles and activation of spermwithin bundles from X. eiseni partitioned into five phases. As shown in the top figure, sperm were quiescent at P0 and
P4 with no motility, shaking at P1 and P3 with medium motility capability, and moving freely at P2 with the highest motility capability. The microscopic observation of morphologies
of 5 phases are shown below the graph in the dark rectangular areas (the white bars represent 20 mm). Un-dissociated bundles were round or elliptic shape at P0 and P1, and
dissociated in dispersed forms at P2 to P4. The bottom histogram shows the frequencies of each activation phase activated by 40 mM CaCl2 at different observation times (0 min
indicates the control group). Bars represent means (±SD) of five replicates.
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viewing areas was counted for each measurement. To test the
utility of the classification system, sperm bundle suspensions were
activated by mixing with activation solution at a ratio of 1:9
(bundle suspension: activation solution). The activation solution
was prepared with 40 mM CaCl2 for suitable observation based on
our previous studies (adjusted to 300 mOsmol/kg with NaCl and
buffered by 10mMHEPES-NaOH at pH 7.0). The activation of sperm
bundles was observed at 1, 5, 10, 20, 30, 60, 120, and 180 min after
mixing of activation solution. As a control treatment, 1 mL of sperm
bundle suspension was mixed with 9 mL of buffer solution without
CaCl2. Five males were used as replicates.

3. Results

The body wet weight of fish (N ¼ 10) used in this study was
1.7 ± 0.6 g (mean ± standard deviation). No sperm or sperm bun-
dles were able to be collected by stripping, but fluid (<1 mL) without
male gametes was collected from three fish. The testis weight of
X. eiseni was 14.8 ± 5.5 mg, and was significantly correlated with
body wet weight (P ¼ 0.0249, and r ¼ 0.70) (Fig. 3A). The GSI was
0.88 ± 0.19%. With gentle crushing of testes, sperm remained in
bundles (Fig. 1A).

The major axis length of sperm bundles was 33.1 ± 1.5 mm, the
minor axis length was 29.4 ± 1.5 mm, the average axis length was
31.3 ± 1.4 mm, the aspect ratio of the bundles was 88.8 ± 2.5%, and
the observed areawas 3062.7 ± 278.0 mm2. Therewas no significant
correlation between body wet weight and major axis length
(P ¼ 0.6759, and r ¼ 0.15), minor axis length (P ¼ 0.5658, and
r ¼ 0.21), average axis length (P ¼ 0.5869, and r ¼ 0.20) (Fig. 3B),
aspect ratio (P ¼ 0.7839, and r ¼ 0.10) (Fig. 3C), or observed area
(P ¼ 0.5727, and r ¼ 0.20).

The concentrations of sperm bundles estimated with the three
methods were significantly different (P < 0.0001):
Makler® > hemocytometer ¼ control (Fig. 4). In the 10 measure-
ments, a total of 171 sperm bundles (time required ~ 10 min) were
counted with the Makler® chamber, 834 with the hemocytometer
(~25 min), and 8742 with the control method (~70 min).

Before motility activation with CaCl2, most sperm bundles were
in P0 (93 ± 10%) and P1 (7 ± 10%) (Fig. 2). Within 180 min during the
activation, all the five phases were observed. FAP0 decreased from
47 ± 28% at 1 min to 0 at 120 min. FAP1 increased from 53 ± 28% at
1 min to a peak of 69 ± 22% at 5 min, and gradually decreased to
16 ± 17% at 180 min. P2 presented from 10 min to 60 min with the
FAP2 ranging from 9 ± 7% to 25 ± 11%. P3 and P4 presented from
30 min to 180 min. FAP3 increased 14 ± 10% to a peak of 22 ± 14% at
60 min, and declined to 9 ± 10% at 180 min. FAP4 constantly
increased from 12 ± 14% at 30 min to 75 ± 14% at 180 min.

4. Discussion

Although standardized quality evaluation of free sperm has
begun to be established in fishes [34], the bundle forms of male



Fig. 3. Relationships between body wet weight and the (A) testis weight, (B) average axis length, and (C) aspect ratio of sperm bundles from X. eiseni.

Fig. 4. Comparison of sperm bundle concentration estimations with three different
methods from pooled suspension of sperm bundles collected from testes of 10 fish (in
0.5 mL buffer solution). Bars represent means (±SD) of 10 repeated measurements.
Different capitalized letters above the bars represent significant differences.
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gametes (spermatophores and spermatozeugmata) have been
neglected. In the present study, standardized methods were
established to collect sperm bundles and evaluate the quality-
related attributes including size, concentration, and activation for
a freshwater livebearing fish X. eiseni. To evaluate utility, the
established methods were applied to compare body wet weight,
size and shape of bundles, estimation methods for concentration
estimation, and motility activation and duration with attributes of
sperm bundles. This study developed for the first time methodol-
ogies of collection and evaluation of sperm bundles for Goodeidae,
providing a foundation for further standardization and general-
ization of the methods for other livebearing fishes.

Testis weight had a significant correlation with body wet
weight. Therefore, prior to experiments, body wet weight could be
a useful indicator to predict the amount of collectable gametes. In
this study, no milt was stripped from X. eiseni. Milt collection by
stripping has been used in poeciliids, such as Guppy (Poecilia
reticulata) [35], Xiphophorus species [25], Mollies (Poecilia spp.)
[26], and Mosquitofish (Gambusia affinis) [36]. However, in other
goodeids such as Goodea atripinnis, and Ameca splendens milt was
not able to be collected from stripping (our unpublished data). The
fluid collected from stripping in the present study was presumably
urine discharge, mucus, or some other body fluid [37]. Thus, it
appears that to collect sperm or sperm bundles from goodeids, the
male must be killed and testes dissected. It is unclear whether the
annual seasonality of reproductive development of testes can affect
the outcome of stripping of goodeids. Collection of sperm by
stripping avoids the killing of valuable fish, and individual males
can be sampled repeatedly; however, to maximize the volume of
sperm available, crushing of dissected testis has been used for
sperm collection in studies of small-sized biomedical fishes [24]. As
such, a correlation between body and testis weight can be used to
avoid killing of males that have limited potential to provide useful
sperm samples.

The evaluation methods of bundle size and shape were estab-
lished with image capture and measurement software. To our
knowledge, standardized methods for the estimation of sizes and
shapes of non-fixed sperm bundles from livebearing fishes have not
been reported. Measurements from histological images in existing
publications indicate average axis lengths for X. eiseni ranging from
22.0 to 42.9 mmwith an aspect ratio of 77.7e78.3% [38,39], whereas
the parameters ranged from 72.2 to 134.9 mm with 66.2e71.0% for
P. reticulata [27,40,41]. Thus, it is possible that bundles from
goodeids are generally smaller and rounder than those from poe-
ciliids. However, this possibility should be confirmed in further
studies that compare of fresh bundles of more species of the two
families by standardized methods. The variation of bundle size and
shape in the present study and measurements from other publi-
cations may also result from different conditions of growth, sea-
sonality or time of sampling, or reproductive development. In this
study, we found that size and shape of bundles had no correlation
with body wet weight. However, no study has reported on the
relationship between reproductive development and attributes of
sperm bundles, including the relationship between different
developmental stages of the testis (or spermatogenesis) and the
size and shape of sperm bundles. For the purpose of cryopreser-
vation of sperm bundles, further study can target whether the size
and shape of bundles are related to sperm quality, and whether it
would affect refrigerated storage, cryopreservation, or be related to
fertilization rate.

Knowledge of sperm concentration is essential for quality
evaluation and protocol standardization for artificial insemination
[42] and sperm cryopreservation [9]. Among popular methods to
rapidly estimate sperm concentration, the Makler® counting
chamber and hemocytometers are relatively low-cost and portable.
The principle of each method is to use the counting of cells or ob-
jects in a fixed sample volume to estimate concentration of the
overall population. In the present study, the estimations made with
the control methods had no significant difference with the hemo-
cytometer, but were significantly higher than the Makler® counting
chamber. Thus, the hemocytometer instead of the Makler®
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counting chamber is a viable method to estimate sperm bundles
from X. eiseni. The difference in concentrations observed among
different methods may be related to the bundle size. The height
between cover slip and bottom glass of the counting volume is
10 mm for the Makler® counting chamber and 100 mm for the he-
mocytometer. However, the diameter of sperm bundles was ~31 mm
(before placing of cover slip) in the present study. Thus, when the
cover glasses were placed, sperm bundles were compressed to the
maximum depth of the space between cover glass and base of
counting devices, resulting in underestimation of fluid volume
containing these sperm bundles. Therefore, the underestimation of
the sample volume might cause the overestimation of the popu-
lation concentration. In addition to counting chambers and he-
mocytometers, a variety of methods have been used to estimate
concentration of free sperm, such as flow cytometry [5], spectro-
photometer [42,43], and CASA [44]. Further study is needed as to
whether these latter two methods can be used to estimate bundle
concentration.

To assess sperm quality, motility is the most commonly used
parameter in aquatic species. However, all existing assays for esti-
mation of sperm motility are based on characterizing movement
patterns of free sperm rather than bundles. In the present study, we
established a standardized assay to qualitatively evaluate activation
of sperm within bundles by classifying behavior patterns into five
phases and calculating the frequency of each phase at specific time
intervals. During the activation of X. eiseni, the five phases pre-
sented in a chronological order of P0 / P1 / P2 / P3 / P4,
representing the general sequencing of sperm motility: quiescence
/ beginning of motility / highest motility / lower motility /

end of motility. By applying this standardized approach to other
applications, the percentage of any of the five phases can be used to
evaluate quality of male gametes, for example, in assessing the
frequency of P2 or P1þ2 as an indicator of gamete quality. The same
concept was also used in the quality evaluation of free-swimming
sperm, in which motility capability can be categorized based on
average path velocity (VAP), for example, as percent rapid
(VAP > 25 mm/s), medium (VAP ¼ 10e24 mm/s), slow speed
(VAP ¼ 1e9 mm/s), percent static (VAP ¼ 0), and percent overall
motility (rapid þ medium þ slow speed) [45]. Among these cate-
gories, the percentage of overall motility is the most frequently
reported as an indicator of sperm quality. In addition to percent
motility, time is also important for the evaluation of sperm quality,
such as duration of motility and motility at specific times after
activation [44]. The assay established in the present study could be
used to assess the duration of specific phases and frequency of
certain phases at specific times. A limitation of the method is the
accuracy, due to the small number of sperm bundles sampled
(15e45) for each measurement (compared to usually 200e300 free
sperm for motility estimation), because categorizing, counting, and
recording of sperm bundles was more time-consuming (about 40 s
for every 10 bundles) than free sperm estimation (5 s for a mea-
surement). To address this problem, activation can be video-
recorded at lower magnification or higher concentration, or clas-
sification of fewer phases in each observation could be used to
represent overall gamete condition.

5. Conclusions

Using the livebearing fish X. eiseni, the present study established
standardized methods to collect, quantitatively evaluate
morphology and concentration, and classify dissociation and acti-
vation of sperm bundles. These standardized evaluations provide a
basis for further modification, standardization, and generalization
of these methods, which are useful in research on livebearing fishes
involving male gametes, such as studies on cryopreservation,
artificial insemination, behavior, taxonomy, toxicology, and evolu-
tion. These methods would contribute to conservation of imperiled
goodeids by standardization of research and protocol development
for artificial reproduction and establishment of germplasm
repositories.
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