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INTRODUCTION

The Goodeidae comprise a small family of viviparous cyprin-
odontoid fishes, restricted largely to the highlands of the Mesa
Central, México although the genus Ilyodon occurs in the lqwland
habitats on the Pacific slope in Jalisco and Colima (Miller and
Fitzsimons, 1971). The 35 to 40 extant species exhibit great diver-
sity in morphology, feeding adaptations, karyotypes and habitats.

The family has several characters related to viviparity.
All males have a modified anal fin with six to eight crowded,
shortened anterior anal-fin rays, separated as a group from the rest
of the fin. Trophotaeniae, rectal processes that develop in the
young during gestation, are found in all but one species. Charac-
teristics of the ovary and trophotaeniae were used by Hubbs and
Turner (1932) in their revision of the Goodeidae.

The present study comprises two major divisions. The
first division concerns the courting and aggressive behaviors of
27 species of the family Goodeidae. The behaviors are described,
field and laboratory data are compared and the data examined for
taxonomic information. Evidence for auditory, chemical, tactile
and/or visual communication among goodeids is discussed briefly.

The second division comprises a morphological study of
the genus Ilyodon that includes specimens from all known localities.
Four new subspecies are described. Sexual dimorphism and ecopheno-
typic variation are examined. Similarities and differences among
populations are outlined and problem areas are discussed in the
light of preliminary electrophoretic, karyotypic and hybridization
data.

A brief account of care and maintenance of laboratory
stocks is given in Appendix A. General ecological and behavioral

information on 10 goodeid localities is summarized in Appendix B.
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Appendix C lists the data used in the morphological study, and
Appendix D gives descriptive statistics for 69 populations.
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MATERIALS AND METHODS

This morphological and behavioral study of the Goodeidae
is based on live and preserved material. The preserved specimens
are deposited in The University of Michigan Museum of Zoology
(UMMZ). Live stocks were collected in México and shipped to Ann
Arbor in 1976 by R. R. Miller, F. H. Miller and D. I. Kingston and
in 1978 by D. I. Kingston and P. J. Kingston. Methods used in
counting and measuring are given in Miller (1945) and Hubbs and
Lagler (1958) with several modifications for goodeids given in
Fitzsimons (1970, 1972). The characters chosen for the morphologi-
cal study are listed in Table 1.

Initially 25 males (where available) and six females from
each of 21 populations of Ilyodon were measured for 42 characters.
These 21 populations represent all drainages from which Ilyodon is
reported. An analysis of variance revealed that three characters
are invariant among all the populations and they were eliminated
from the study. Meristic and morphometric data were analyzed by
multivariate techniques. The males were analyzed separately from
the females. Principal Components Analysiswas chosen to analyze
the geographic variation among populations. This method ordinates
the data in a few dimensions that summarize the trends in variance
in the original data set and it does not require that specimens be
grouped initially in order to do the analysis. Different species
are usually represented as distinct, non-overlapping clusters of
specimens. The pattern formed by the scores for specimens on the
first two principal component axes reflects the two major directions
of maximum variation for the 39 characters (Morrison, 1967). The
program used is MIDAS of The University of Michigan Statistical
Research Laboratory.

Use of raw data resulted in specimens being ranked by

3
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Table 1. Morphometric and meristic characters used in the study of
the genus Ilyodon. Asterisks denote the three characters
that are not significant by an analysis of variance.

Morphometric -
1. Standard length
2. Predorsal length
3. Prepelvic length
4. Anal origin to caudal base
5. Body, greatest depth
6. Body, greatest width
7. Head, length
8. Head, depth
9. Head, width )
10. Caudal peduncle, length
11. Caudal peduncle, least depth
12. Interorbital, least bony width
13. Preorbital, least width
14. Postorbital, length
15. Snout, length
16. Orbit, length
17. Mouth, width
18. Mandible, length
19. Dorsal fin, basal length
20. Dorsal fin, depressed length
21. Anal fin, basal length
22. Anal fin, depressed length
23. Middle caudal rays, length
24, Pectoral fin, length longest vay
25. Pelvic fin, length longer fin
26. Upper jaw, length
27. Opercle, length

Meristic
1. Dorsal fin rays
2. Anal fin rays
3. Pectoral fin rays, both fins
4. Pelvic fin rays, both fins *
5. Caudal fin rays
6. Lateral scale series
7. Dorsal to anal scales
8. Body circumference scales
9. Predorsal scales
10. Caudal peduncle circumference scales
11. Gill rakers
12. Vertebrae
13. Mandibular pores *
14. Preopercular pores
15. Lacrimal pores *
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increasing size along the first principal component. It is neces-
sary to remove this size effect as it may cause collections of the
same species to form distinct clusters when analyzed by Principal
Components Analysis if the specimens in the collections differ in
length. The collections would be incorrectly assigned to different
taxa. Specimen size may be influenced by the locality, time of year
of the collection and collecting technique. Log transformed data
also failed to remove the size effect. The data were converted to
proportional measurements by dividing each measurement by the
standard length of the fish from which it was derived. This trans-
formation removed the size effect.

While proportional measurements effectively remove size as
a factor from the first principal component, they do not control
for allometry. Populations may not show the same pattern of allo~
metric growth, which makes comparisons among them more difficult.
Using adult specimens in the study reduces the influence of allo-
metry. But one reason for using Principal Components Analysisis
that the effects of allometry are visualized in the spread of speci-
mens along the major axes.

Mahalanobis distances (Afifi and Azen, 1972) were calcu-
lated between the means of the 21 populations using the scores of
the first eight principal components as variables. Pairwise com=
parisons along the first and second principal components and along
the first and third principal components were made for all pairs of
populations with a dz value of 19 or less, as well as for some
pairs with larger r.i2 values. Distance values greater than or equal
to 19 gave non-overlapping clusters in pairwise comparisons. Dis-
tance values ranged from 2 to 140, These comparisons indicated
that specimens from additional localities were needed to interpret
some of the results. The study was enlarged to include five addi-
tional males (where available) from each of 48 collections. The
specimens were chosen so as to represent the range of adult sizes
present in each collection. These specimens were also examined for
all characters. These 69 collections represent all localities in
which Ilyodon have been caught.
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The 10 characters having the greatest between-population
variances and the least within-population variances (highest F
statistic) were determined by an analysis of variance. The enlarged
sample of 69 populations was examined by Principal Components Analy-
sis for these 10 characters. Pairwise comparisons were repeated
using these 10 characters for cases having shown marginal overlap

of populations.

Preparations of Chromosome Slides

Chromosome microslides were prepared by an air-dried tech-
nique (Black and Howell, 1978; Black, pers. comm.). Juvenile fish
are fed live food for several days, then injected intraperitoneally
with .01% colchicine until the abdominal cavity becomes swollen.
They are sacrificed 6 to 8 hours later, the gill arches removed and
placed in 0.4% KCl for 45 to 60 minutes. The gill tissue is then
placed in a fresh solution of fixative (3:1 ethanol:iglacial acetic
acid) for 15 minutes, then placed in fresh fixative for an addition-
al 15 minutes. The tissue is dabbed on clean slides dampened with
a few drops of fixative. After the slides are dry, they are stained
for 10 minutes in 6% Giemsa solution and mounted. Slides for 80
specimens representing four populations in the Coahuayana drainage
were prepared. Preliminary counts indicate no sexual differences in
karyotypes.

Electrophoretic Study

Electrophoretic techniques followed those of Selander et
al., (1971) with modifications by B. J. Turner (pers. comm.).
Thirty loci for each of 16 fish representing four populations were
examined by means of starch gels. Specimens for karyotyping and

for electrophoresis were obtained in the field.

Maintenance of Live Fishes

Live fishes used in this study are the descendents or

original members of stocks collected in México and shipped to Ann
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Arbor. They are maintained in the aquarium facility of the Museum
of Zoology. A 12-hour photoperiod is maintained by use of timers
and fluorescent fixtures. But as aquaria receive light fer win=-
dows and skylights, the photoperiod is longer in the summer. Temp-
erature varies between 20°C at night and 30°C during the day to
simulate field conditions (Fitzsimons, 1970). Fish are fed once a
day with Purina trout chow, supplemented by newly hatched brine
shrimp and Daphnia. A detailed account of care and propagation of
stocks is given in Appendix A.

Behavioral Observations

Pairs of goodeids were observed in the laboratory and the
courtship behaviors noted for each species. Pairs were handled in
several ways. Some were isolated by a partition except during
periods of observation:i Others were allowed full access to each
other. Observations were also made on stock aquaria containing as
many as 100 fish of one species. The behaviors, their frequencies
and sequences were recorded by keeping a continuous written record
of the pair's activities. If no courting behavior was observed in
10 minutes, observations ceased for that day. Actively courting
pairs were usually observed at least 30 minutes, or until they
ceased courting.

Field observations for 19 species were made by snorkeling
and by watching from the bank. Goodeids often occurred in water
less than 1 m deep and I could follow them by swimming or walking
slowly. At Lago Cam€cuaro, snorkeling was accomplished by floating
over the deeper sections of the lake on an air mattress. The fish
are upset by movements in the water and observations from the bank
were better for obtaining behavioral data. The fishes acclimated
quickly to a statiomary -observer. By lying along the bank with my
head in the water, 1 could see the fishes clearly without startling
them.

Observations were recorded on special underwater writing
paper. After a day or more of recording, the laboratory-observed
behaviors were compared to the field-observed behaviors. An
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additional day was spent examining discrepancies in these two data
sets. Sequence data were also obtained for field populations.

Live Stocks

Karyology, hybridization experiments and ethology were
based largely on the following live stocks, all from México.

_Allodontichthys sp.
Jalisco:t Rio de la Pola ca. 5 km E of Guachinango and 40 km W of
Ameca. B
Drainage: trib. Rio Atenguillo, Rio Ameca basin. .
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:22:1976 M76-37

Allodontichthys tamazulae
Jalisco: Rio Terrero, at crossing ca. 1 km W of 21 de Noviembre on
Hwy 110, ca. 16 km N of Pihuamo.
Drainage: trib. Rio Coahuayana.
Collectors: R. R. Miller, F. H. Miller and D. I, Xingston
11:18:1976  M76-30

Allodontichthys zonistius
Colima: Rio de Comala at S entrance to Comala, first bridge, 10 km

N of Colima.
Drainage: trib. Rio Armerfa.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
II:18:1976 M76-31

Alloophorus robustus
Michoacdn: Lago Zirahuén, SE end.

Drainage: interior.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:6:1976 M76-18

Guanajuato: Rfo Turbio, 10 km E of Pénjamo at Hwy 110 crossing.
Drainage: trib. Rio Lerma.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
1I1:9:1976 M76-22
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Michoac4n: Pond on W side of road just N of Jaripo.
Drainage: R{o Lerma basin.

Collectorss R. R. Miller, F. H. Miller and D. I. Kingston
11:8:1976  M76-21 ’

Michoacén: Lago de Camécuaro, SE of Zamora.

Drainage: trib. Rfo Duero, Rio Lerma basin.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
I1:15:1976  M76-26

Allotoca sp.
Jalisco: Marshy roadside on S side of road, Laguna Magdalena,
about 150 m SSW of R.R. crossing.
Drainage: interior.
Collectors: R. R. Miller and J. M. Fitzsimons
11:22:1970 M70-12

Allotoca dugesi
Michoacén: Tago Zirahuén, SE end.
Drainage: interior.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:6:1976 M76-18

Michodcén: Rio Grande de Morelia just above Undameo and lateral
canal.

Drainage: interior (to Lago Cuitzeo),

Collectors: R. R. Milier and F. H. Miller

1I1:4:1976 M76-43

Ameca splendens
Ameca splendens
Jalisco: Rio de Teuchitlin below Teuchitlin.
Drainage: trib. Rio Ameca.
Collectors: R. R. Miller and H. L. Huddle

V:5:1966 M66-17
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Ataeniobius toweri
San Luis Potosi: La Media Luna at western outlet ditch next to
road, 12.2 km SSW of Rio Verde.
Drainage: Rio Verde, Rfo P4nuco basin.
Collectors: R. R. Miller and M. B. Lackey
I1:13:1968 M68-18

Chapalichthys encaustus

Michoacdn: R{o Tanhuato on NE edge of town 50-65 m below highway
bridge. -

Drainage: trib. Rio Lerma.

Collectors: R. R. Miller and J. M. Fitzsimons

11:26:1970 M70-16

Chapalichthys pardalis
Michoacin: E1 Agua de Zapote de Tocumbo, Tocumbo.
Drainage: trib. to stream passing Los Reyes to Rio Balsas.
Collectors: R. R. Miller and T. M. Cavender
1I:17:1971 M71-9

Characodon lateralis
Durango: Berros, 4 km from E1 Salto, ca. 40 km SE of Durango.
Drainage: Rio Mezquital basin.
Collector: A. L. Metcalf
IX:1:1968 M68-41

Girardinichthys multiradiatus

México: Rio Lerma, just below Presa Alzate, 24 km N and 5.6 km E
of Toluca off Hwy 55.

Drainage: Pacific.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston

1I1:13:1976 M76-24

Girardinichthys viviparus

México: Lago Zumpango, at NE corner.
Drainage: interior.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
I11:25:1976 M76-40
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Goodea atripinnis
Michoacin: Normally dry expansion of Lago Cuitzeo, just at N edge
of Cuitzeo, on E side of Hwy 43.
Drainage: interior.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
II:3:1976 M76-13

Michoacén: Canal closest to Tzintzimeo, 8.9 km E of Alvaro Obregén.
Drainage: interior (Rfo Grande de Morelia).

Collectors: R. R. Miller, F. H, Miller and D. I. Kingston-
I1:4:1976 M76-15

Guanajuato: Rfo Turbio, 10 km E of Pénjamo, at Hwy 110 crossing.
Drainage: trib. R{o Lerma.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:9:1976 - M76-22

Jalisco: Presa de la Vega in Rio Ameca, 32 km W of junction of
Hwy 15 and Hwy 70.

Drainage: Pacific.

Collectors: R. R. Miller and H. L. Huddle

V35:1966 M66-16

Goodea gracilis
Querétaro: Rfo San Juan del Rfo, just below old bridge.
Drainage: trib. Rfo P4nuco.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:14:1976 M76-25

Goodea luitpoldi
Michoacdn: Spring-fed pond at Rancho E1 Molino, 5.3 km E and 4.8
km N of P4tzcuaro—Quiroga-Morelia junction.
Drainage: trib. Lago P4tzcuaro.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
I1:5:1976 M76-17
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Michoacén: Same locality as preceding.
Drainage: trib. Lago Patzcuaro.

Collectors: R« R. Miller and J. M. Fitzsimons
I11:7:1970 M70-25

Ilyodon furcidens amecae
Jaliscot Rfo de la Pbla, ca. 5 km E of Guachinango and 40 km W of
Ameca. )
Drainage: trib. Rio Atenguillo, Rio Ameca basin.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston~
11:22:1976 M76-37

Ilyodon furcidens furcidens

Colima: Rf{o de Comala at$ entrance to Comala, first bridge, 10 km
N of Colima.

Drainage: trib. Rfo Armerfa.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston

11:18:1976 M76-31

Jalisco: Outlet of Presa Santa Rosa, 3.7 km E of Hwy 80 from
turnoff, 5 km S of Unién de Tula.

Drainage: trib. R{o San Pedro, Rio Armeria basin.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston

I11:21:1976 M76-35

Jalisco: Rio Terrero, at crossing 1 km W of 21 de Noviembre on
Hwy 110, ca. 16 km N of Pihuamo.

Drainage: trib. Rio Coahuayana.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston

II:18:1976 M76-30

Ilyodon furcidens tuxpan
Jalisco: Rfo Tamazula just below Hwy 110 bridge, 4.8 km S of Cd.
Guzman turnoff.
Drainage: Rio Coahuayana basin.
Collectors: R.R. Miller and H. L. Huddle
IV:3:1968 M68-30
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Ilyodon xantusi latos

Jalisco: R{o Terrero, ca. 1 km W of 21 de Noviembre on Hwy 110,
ca. 16 km N of Pihuamo.

Drainage: trib. Rio Coahuayana.

Collectors: D. I. Kingston and P. J. Kingston

IV:24:1978 K78-9

Ilyodon xantusi xantusi
Colima: Rio de Comala :at S entrance to Comala, first bridge, 10 km
N of Colima. -
Drainage: trib. R{o Armeria. )
Collectors: R. R. Miller, F. H. Miller and D. I ., Kingston
11:18:1976 M76-31

Ilyodon whitei
Puebla: Rio Nexapa at Puente Tepexcala, ca. 32 km WSW of Matamoras,
near Morelos line.
Drainage: trib. Rio Balsas.
Collectors: R. R. Miller and H. L. Huddle
V:2:1966 M66-12

Neoophorus catarinae
Michoacdn: Rf{o Santa Catarina, above dam, 4 km WSW of Uruapan.
Drainage: trib. Rio Cupatitzio, Rfo Balsas basin.
Collectors: R. R. Miller, F. H. Miller and D. T. Kingston
I1:6:1976 M76-19

Neoophorus diazi
Michoacin: Spring-fed pond at Rancho E1 Molino, 5.3 km E and 4.8
km N of Pétzcuaro-Quiroga—Morelia junction.
Drainage: trib. Lago P4tzcuaro.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:5:1976 M76-17
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Neoophorus meeki
Michoacin: Lago Zirahuén, SE end.

Drainage: interior. .
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:6:1976 M76-18

Skiffia bilineata

Michoacin: Canal closest to Tzintzimeo, 8.9 km E of Alvaro Obregén.
Drainage: interior (R{o Grande de Morelia).

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston-
I1I1:4:1976 M76-15

Michoacén: Rfo Grande de Morelia just above Undameo and lateral
canal.

Drainage: interior (to Lago Cuitzeo).

Collectors: R. R. Miller and F. H. Miller

III:4:1976 M76-43

Skiffia francesae
Jalisco: R{o Teuchitlén above Hwy at Teuchitl4n.
Drainage: trib. Rio Ameca.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:23:1976 M76-39

Skiffia lermae
Michoac4n: Spring-fed pond at Rancho E1 Molino, 5.3 km E and 4.8
km N of Pgtzcuaro-Quiroga—Morelia junction.
Drainage: trib. Lago Pitzcuaro.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
II:5:1976 M76-17

Skiffia multipunctata
Michoacan: Lago de Camécuaro.

Drainage: trib. Rio Duero, Rio Lerma basin.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
II:15:1976 M76-26
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Xenoophorus captivus
San Luis Potosi: Rio Villeto, 10.1 km S of Hwy 57 crossing of Rio

Santa Maria below highway bridge.
Drainage: trib. R{o Santa Maria, R{o P4nuco basin.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
II:1:1976 M76-10

Xenotaenia resolanae

Jalisco: 2.1 km W of Hwy 80 on road to Purificacidén, first bridge
that has a water gauging station. °

Drainage: trib. Rio Purificacién.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston

II:20:1976 M76-33

Jalisco: Tributary to R{o Purificacién at Hwy 80 crossing just S
of turnoff to Purificacién.

Drainage: trib. Rio Purificacién.

Collectors: R. R. Miller, F. H. Miller and D. I. Kingston

11:20:1976 M76-34

Xenotoca eiseni
Nayarit: Manatial E1 Sacristdn, 1.3 km NW of plaza of Tepic.
Drainage: trib. Rio de Tepic, R{o Grande de Santiago basin.
Collectors: R. R. Miller and J. T. Greenbank
111:28:1955 M55-72

Jalisco: Rio Tamazula at Hwy 110 bridge, 4.8 km S of Cd. Guzman
turnoff.

Drainage: trib. R{o Naranjo, rio Coahuayana basin.

Collectors: R. R. Miller and H. L. Huddle

V:3:1966 M66-13

Xenotoca melanosoma
Jalisco: Rfo Teuchitlén, at Teuchitldn,
Drainage: trib. R{o Ameca.
Collectors: J. M. Humphries and M. L. Smith
VI:5:1976 H76-15
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Xenotoca variata
San Luis Potosf{: R{o Santa Marfa about 1.6 km S of Villa de Reyes.
Drainage: trib. Rio P4nuco. R

Collectors: R. R. Miller and H. L. Huddle
111:26:1968 M68-21

Michoacin: Lago de Cuitzeo on S side at Hwy 43, just E of the
viaduct.

Drainage: interior.

Collectors: R. R. Miller and J. M. Fitzsimons

II1:8:1970 M70-27

Zoogoneticus quitzeoensis
Guanajuato: Ojo de Agua de Santiaguito, 1.6 km NE and 2.4 km N

of San.Francisco del Rincén, which is about 24 km WSW
of Léon.

Drainage: trib. R{o Turbio, Rfo Lerma basin.

Collectors: R. R. Miller and J. M. Fitzsimons

1I:19:1970 M70-9

New genus and species
Jaliscot Rio Terrero, above dam, ca. 1 km W of 21 de Noviembre on
Hwy 110, ca. 16 km N of Pihuamo.
Drainage: trib. Rio Coahuayana.
Collectors: D. I. Kingston and P. J. Kingston
1V:24:1978 K78-9

Incertae Sedis
Jalisco: Rfo Potrero Grande (Arroyo Grande), 9.6 km W of Ameca on
road to Guachinango.
Drainage: trib. Rio Ameca.
Collectors: R. R. Miller, F. H. Miller and D. I. Kingston
11:23:1976 M76-38
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Preserved Material

The morphological study was based on the following collec~
tions of Ilyodon.
Ilyodon sp.—UMMZ 178411: R{o Aguililla at Aguililla, Michoac#n,
R. R. Miller and M. Miller III:15:1957, 25 males, six females, 40.6-
83,2 mm SL; UMMZ 178419: Rfo Aguacate, tributary to Rfo Tumbis-
catio, ca. 8 km by road W of Arteaga, Michoacin, R. R. Miller and
M. Miller II1:17:1957, 25 males, six females, 28.8-62.5 mm SL;
UMMZ 178421: Rio Arteaga at Arteaga, Michoacdn, R. R. Miller and
M. Miller III:17:1957, 25 males, six females, 32.4-46.5 mm-SL.
Ilyodon furcidens amecae.—UMMZ 178344: Rio Potrero Grande, 8 km W
of Ameca on road to Atenguillo, Jalisco, R. R. Miller and M. Miller
1112421957, five males, 53.4-65.4 mm SL; UMMZ 178347: Rio de la
Pola, tributary to Rio Atenguillo, 4.8 km W of Guachinango, Jalisco,
R. R. Miller and M. Miller III:5:1957, 179, 11-67 mm SL; UMMZ
178352: Rio Atenguillo, ca. 0.4 km below town of Atenguillo,
Jalisco, R. R. Miller and M. Miller III:5:1957, five males, 46.0-
65.5 nm SL; UMMZ 178358: Rio Mascota at road crossing just above
Mascota, Jalisco, R. R. Miller and M. Miller III:6:1957, 25 males,
15 females, 37.3-76.,0 mm SL; UMMZ 189586: Rio de la Pola, tributary
to Rio Atenguillo, ca. 4 km E of Guachinango and 40 km W of Ameca,
Jalisco, R. R. Miller and J. M. Fitzsimons 1I1:21:1970, 24 males,
14 females, 42,3-67.6 mm SL; UMMZ 192183: tributary Rfo Ameca just
W of Ameca on road to Mascota, Jalisco, C. D. Barbour and R. J.
Douglass IV:21:1969, three males, 33.3-61.4 mm SL; UMMZ 192198:
tributary to Rio Ameca about 0.4 km W Talpa turnoff on road to
Mascota, Jalisco, C. D. Barbour and R. J. Douglass IV:22:1969,
three males, 35.3-47.2 mm SL; UMMZ 192200: Rio Mascota, 4.0 km E
Mascota at road crossing, Jalisco, C. D. Barbour and R. J. Douglass
IV:22:1969, five males, 50.6-63.7 mm SL; UMMZ 192202: tributary to
Rio Atenguillo to Rio Ameca, about 1.6 km S Volcanes, Jalisco, C.
D. Barbour and R. J. Douglass IV:23:1969, one male, 54.6 mm SL;
UMMZ 203259: Rfo de la Pola, tributary to rio Atenguillo, ca. 4 km
E of Guachinango and 40 km W of Ameca, Jalisco, R. R. Miller and
J. M. Fitzsimons 1I:21:1970, one male, 58.7 mm SL; UMMZ 203260:
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Rio de la Pola, tributary to Rio Atenguillo, ca. 4 km E of Guachin~
ango and 40 km W of Ameca, Jalisco, R. R. Miller and J. M.
Fitzsimons II:21:1970, one female, 62.7 mm SL.

Ilyodon furcidens furcidens.—UMMZ 145304: Rio Colima, 300 m from
R.R. station, Colima, C. L. Turner IV:2:1939, five males, 54.2-
65.6 mm SL; UMMZ 145313: Rio Salado, 10 km S of Colima City,
Colima, C. L. Turner IV:2:1939, two males, 35.2 mm SL and 40.9 mm
SL; UMMZ 160761: Rio Colima at the SW edge of the city of Colima,
Colima, J. Oliver and A. Bakewell VII:4:1935, five males, 37.4-
64,0 mm SL; UMMZ 160776: tributary of Rio Colima, W of Colima on
Hacienda Los Limones, 2 km SW of Villa Alvarez, Colima, J. Oliver
and A. Bakewell VIII:3:1935, three males, 74.0-82.0 mm SL; UMMZ
172147: Rio Salado, 7.2 km by highway E of Colima, Colima, R. R.
Miller and J. T. Greenbank III:7:1955, one male, 49.1 mm SL; UMMZ
172208: tributary of Rfo San Pedro at highway bridge, 14.5 km NE
of Autlén, Jalisco, R. R. Miller and J. T. Greenbank III:23:1955,
five males, 57.3-68.6 mm SL; UMMZ 172217: tributary to Rio San
Pedro, 5.6 km E of Tecolotlin, 85 km NE of Autl&n on road to
Guadalajara, Jalisco, R. R. Miller and J. T. Greenbank III:24:1955,
five males, 38.0-57.2 mm SL; UMMZ 178364: Rio de Ayutla, tribu-
tary Rfo San Pedro, 4 km ESE of Ayutla, Jalisco, R. R. Miller and
M. Miller III:7:1957, 15 males, 15 females, 40.3-70.3 mm SL; UMMZ
189595: Rio de Comala, just above and below second bridge S of
Comala, ca. 8 km N of Colima, Colima, R. R. Miller and J. M.
Fitzsimons I1I:24:1970, 25 males, 15 females, 32.2-78.5 mm SL; UMMZ
189601: Rio Terrero, about 1.6 km W of 21 de Noviembre, Jalisco,
R. R. Miller and J. M. Fitzsimons II1:24-25:1970, 25 males, 15 fe-
males, 32,5-63.6 mm SL; UMMZ 192193: small stream crossing road
4,7 km SW Colotitlin on Hwy 80, Jalisco, C. D. Barbour and R. J.
Douglass IV:22:1969, 25 males, 15 females, 37.8~65.8 mm SL; UMMZ
192195: stream crossing 9.8 km W junction of Mascota road with Hwy
80, Jalisco, C. D. Barbour and R. J. Douglass IV:22:1969, 15 males,
15 females, 39.1-83.7 mm SL; UMMZ 192205: tributary to Rfo San
Pedro, 17.7 km E E1 Grullo on road to Tonaya or 1.3 km N San Juan
de Amula, Jalisco, C. D. Barbour and R. J. Douglass IV:23:1969,
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five males, 45.,3-53.2 mm SL; UMMZ 192206: tributary to Rio San
Pedro, 17.7 km E E1 Grullo on road to Tonaya or 1.3 km N San Juan
de Amula, Jalisco, C. D. Barbour and R. J. Douglass IV:23:1969,
five males, 46.4-75.7 mm SL; UMMZ 192222: Rio Salado, 5.1 km E
Colima turnoff on Hwy 110, Colima, C. D. Barbour and R. J. Douglass
IV:25:1969, four males, 53.7-62.5 mm SL; UMMZ 192228: stream
crossing 17.1 km E Rio Salado on Hwy 110, Colima, C. D. Barbour and
R. J. Douglass IV:25:1969, one male, 73.5 mm SL; UMMZ 198845: out-
let of Presa Santa Rosa, 3.7 km E of Hwy 80 from turnoff, 5 km S of
Unidén de Tula, Jalisco, R. R. Miller, F. H. Miller and D. I.
Kingston 11:21:1976, 25 males, 15 females, 36.4-85.0 mm SL.

Ilyodon furcidens tuxpan.—UMMZ 138691: Rio Tuxpan at Tuxpan,
Jalisco, D. S. Erdman X:15:1941, one male, 49.2 mm SL; UMMZ 145307:
Rio Tamazula, at Tuxpan, Jalisco, C. L. Turner IV:3:1939, 12 males,
10 females, 27.2-58.0 mm SL; UMMZ 172160: Rio San Rafael at San
Rafael bridge (Hwy 110), Jalisco, R. R. Miller and J. T. Greenbank
I1I:8:1955, 24 males, 14 females, 36.4-71.6 mm SL; UMMZ 172166:
tributary of :30) Yamazula, 0.8 km by highway E of La Garita,
Jalisco, R. R. Miller 'and J. T. Greenbank III:8:1955, five males,
42,5-72,1 mm SL; UMMZ 189075: Rio Tamazula, just below Hwy 110
bridge, Jalisco, R. R. Miller and H. L. Huddle IV:3:1968, 316, 21~
78 mm SL; UMMZ 189080: Rfo de Tecalitldn at Tecalitln on Hwy 110
SSE of Tuxpan, Jalisco, R. R. Miller and H. L. Huddle IV:3:1968,
five males, 43.1-51.0 mm SL; UMMZ 189591: Rio Tuxpan about 1 km
above Atenquique in small tributary from E and main river, Jalisco,
R. R. Miller and J. M. Fitzsimons II1:23:1970, 25 males, six- females,

31.4-57.5 mm SL; UMMZ 189592: Rio Tuxpan about 1 km above Atenqui-
que in small tributary from E and main river, Jalisco, R. R. Miller
and J. M, Fitzsimons I1:23:1970, five males, 50.4-73.9 mm SL; UMMZ
192247: R{o Tuxpan, 5.8 km S junction Hwy. to Cd. Guzman and Hwy 110,
Jalisco, C. D. Barbour and R. J. Douglass IV:27:1969, five males,
53,8-71.5 mm SL; UMMZ 192251: Rio Tuxpan 7.1 km N Tamazula,
Jalisco, C. D. Barbour and R. J. Douglass IV:27:1969, five males,
37.1-60.4 mm SL; UMMZ 192256: tributary to R{o Tuxpan, 4.5 km W
Soyatlin de Afuera, Jalisco, C. D. Barbour and R. J. Douglass
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1V:28:1969, five males, 44.5-67.5 mm SL; UMMZ 202434: Hwy 110 bridge
at San Rafael above and below bridge, Jalisco, D. I. Kingston and P.
J. Kingston IV:27:1978, 45, 25-39 mm SL; UMMZ 202612: Rio Tamazula,
ca. 1 km NE of La Garita, from bridge Hwy 110 to 300 m ups-tream,
Jalisco, B. Chernoff, B. L. Brett and S. Poss V:2:1978, five males,
38,6-57.1 mm SL; UMMZ 202613: R{o Tamazula at N end of Tamazula ca.
200 m above factory and 13.0 km below bridge, Jalisco, B, Chernoff, B.
L. Brett and S, Poss V:2:1978, five males, 37.1~62,0 mm SL; UMMZ
202617: Rio Tamazula ca. 2 km W of Hwy 110 bridge at river crossing
and small stream that feeds into river, Jalisco, B. Chemoff, B. L.
Brett and S. Poss V:3:1978, five

les, 43.2-67.4 mm SL; UMMZ 202620:
river below town of Fereria, 20-30 km above Vista Hermosa, Jalisco, B.
Chernoff, B. L. Brett and S. Poss V:3:1978, two males, 67.4 mm SL and
72.8 mm SL; UMMZ 203257: Rfo San Rafael at San Rafael bridge (Hwy
110), Jalisco, R. R. Miller and J. T. Greenbank III:8:1955, one male,
63.4 mm SL; ULMZ 2032583 Rio San Rafael at San Rafael bridge (Hwy
110), Jalisco, R. R. Miller and J. T. Greenbank III:8:1955, one female,
64.9 mm SL.

Ilyodon furcidens variabilis.—UMMZ 173795: 0.8-2.4 km W of San Gabri-

el, Jalisco, J. Peters V:27:1949, two males, 40.4 mm SL and 49.9 mm
SL; UMMZ 192234: tributary of R{o San Pedro at Apulco, Jalisco, C. D.
Barbour and R. J. Douglass IV:26:1969, 10 males, 45.2-59.2 mm SL;

UMMZ 192235: tributary of Rfo San Pedro at Apulco, Jalisco, C. D.
Barbour and R. J. Douglass IV:26:1969, 10 males, 52.2-79.7 mm SL;

UMMZ 192236: tributary of Rfo San Pedro at Apulco, Jalisco, C. D.
Barbour and R. J. Douglass IV326:1969, 24 males, 14 females, 44.8-
77.9 mm SL; UMMZ 203261: tributary of R{o San Pedro at Apulco, Jalis-
co, C. D. Barbour and R. J. Douglass IV:26:1969, one male, 56.4 mm SL;
UMMZ 203262t tributary of Rio San Pedro at Apulco, Jalisco, C. D.
Barbour and R. J. Douglass IV:26:1969, one female, 57.0 mm SL.

Ilyodon xantusi latos.—UMMZ 172154: tributary of rfo Naranjo, 8 km by
highway N of Pihuamo, Jalisco, R. R. Miller and J. T. Greenbank III:8:
1955, five males, 43.5-69.5 mm SL; UMMZ 1896003 rio Terrero, about
1.6 km W of 21 de Noviembre, Jalisco, R. R. Miller and J. M. Fitzsimons
11:24-25:1970, 286, 17-66 mm SL; UMMZ 191680: Rio Terrero, about 1.6
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km W of 21 de Noviembre, tributary to R{o Coahuayana, Jalisco, R. R.
Miller and T. M. Cavender II1:15:1971, 148, 13-62 mm SL; UMMZ 198840:
Rio Terrero, at road crossing 0.8 km W of 21 de Noviembre, on Hwy 110,
15.8 km N of Pihuamo, Jalisco, R. R. Miller, F. H. Miller and D. I.
Kingston II1:18:1976, 24 males, 14 females, 38.9-63.0 mm SL; UMMZ
201952: tributary rio Naranjo, 8.0 km by highway N of Pihuamo (on
Colima~-Jiquilpan highway), Jalisco, R. R. Miller and J. T. Greenbank
II1:8:1955, five males, 38.5-44.,3 mm SL; UMMZ 202431: Rfo Terrero,
above where canal drains river, Jalisco, D. I. Kingston and P. J.
Kingston IV:24:1978, 56, 19-68 mm SL; UMMZ 203255: Rio Terrero, at
road crossing 0.8 km W of 21 de Noviembre, on Hwy 110, 15.8 km N of
Pihuamo, Jalisco, R. R. Miller, F. H. Miller and D. I. Kingston II:
18:1976, one male, 62.1 mm SL; UMMZ 203256: Rio Terrero, at road
crossing 0.8 km W of 21 de Noviembre, on Hwy 110, 15.8 km N of Pihuamo,
Jalisco, R. R. Miller, F. H. Miller and D. I. Kingston II:18:1976,
one female, 56.0 mm SL. .

Ilyodon xantusi xantusi.—UMMZ 1453063 Rio Salado, 10 km S of

Colima City, Colima, C. L. Turner IV:2:1939, five males, 28.3-48.8

mm SL; UMMZ 145309: Colima River, 300 m from Colima R.R. station,

Colima, C. L. Turner IV:2:1939, five males, 39.2-66.7 mm SL; UMMZ
160762: Rfo Colima at the SW edge of the city of Colima, Colima, J.
Oliver and A. Bakewell VII:4:1935, five males, 31.7-54.0 mm SL;
UMMZ 160777: tributary of Rio Colima, W of Colima on Hacienda Los
Limones, 2 km SW of Villa Alvarez, Colima, J. Oliver and A.
Bakewell VIII:3:1935, five males, 68.0-82,9 mm SL; UMMZ 166443:
tributary of Rio Salado, 5 km SE of Colima, Colima, I. J. Cantrall
11:10:1953, one male, 35.7 mm SL; UMMZ 166445: tributary of Rio
Salado, 5 km SE of Colima, Colima, I. J. Cantrall II:10:1953, five
males, 47.9-72.1 mm SL; UMMZ 166451: Arroyo Pueblo Nuevo, 30.1 km
N of Santiago, (Colima) Jalisco, I. J. Cantrall and E. T. Hooper
V32:1953, 15 males, 15 females, 36.9-66.8 mm SL; UMMZ 169841: 30
Coalcomin, NE edge of town of Coalcomin, Michoacdn, C. R. Gilbert
and W. E. Duellman VI:30:1955, 25 males, 15 females, 31.5-60.0 mm
SL; UMMZ 169842: Rio Chiquito, N of town of Coalcomin, Michoacén,
C. R. Gilbert and W. E. Duellman VII:1:1955, two males, 39.7 mm SL
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and 41.0 mm SL; UMMZ 172132: Arroyo Pueblo Nuevo ca. 11 km NE
Manzanillo, (Colima) Jalisco, R. R. Miller and J. T. Greenbank
II1:3:1955, 25 males, 15 females, 27.8-64.0 mm SL; UMMZ 1895943
Rio de Comala, just above and below second bridge S of Coll;ala, ca.
8 km N of Colima, Colima, R. R. Miller and J. M. Fitzsimons
II:24:1970, 25 males, 15 females, 31.9-78.6 mm SL; UMMZ 192223:
R{o Salado, 5.1 km E Colima turnoff on Hwy 110, Colima, C. D.
Barbour and R. J. Douglass IV:25:1969, five males, 52.0-101.8 mm
SL; UMMZ 192229: stream crossing 17.1 km E Rio Salado on E:Iwy 110,
Colima, C. D. Barbour and R. J. Douglass IV:25:1969, five males,
35.2-95.1 mm SL. .
Ilyodon whitei,—UMMZ 65229: in Rio Yautepec, an upper tributary of
the R{o Balsas, Morelos, S. E. Meek II1:27:1903, two males, 39.3 mm
SL and 60.8 mm SL; UMMZ 108627: Rio Cuautla, Cuautla, Morelos, C.
L. Turner and Dildine III:13:1932, one male, 38.5 mm SL; UMMZ
169846: Rio Cupatitzio at Puente el Marquez, 46.0 km NE Apatzingan
and 10.5 km S of Lombardio, on road from Apatzingan to Uruapan,
Michoac4n, C. R. Gilbert and W. E. Duellman VII:2:1955, five males,
47.2-73.3 mm SL; UMMZ 181313: Rio Nexapa, ca. 32 km WSW of Izucar
Matamoras on highway to Cuernavaca, Puebla-Morelos line, R. R.
Miller and R. J. Schultz III:5:1963, 25 males, six females, 33.3-
49,8 mm SL; UMMZ 189674: Rio Yautepec, Yautepec, Morelos, S. E.
Meek and F. E. Lutz III1:27:1903, five males, 39.9-67.0 mm SL; UMMZ
189675: Rio Cuautla, Cuautla, Morelos, S. E. Meek and F. E. Lutz
I11:25:1903, five males, 37.2-46.5 mm SL; UMMZ 192423: Presa
Cupatitzio, 16.4 km S Uruapan, Hwy 37, Michoacdn, C. D. Barbour and
R. J. Douglass V:27:1969, 35 males, 15 females, 39.9-87.6 mm SL;
UMMZ 192431: Rio Cupatitzio at Hwy 37 crossing, 9.5 km N of Nueva
Italia, Michoacén, C. D. Barbour and R. J. Douglass V:28:1969, 10
males, six females, 30.7-66.1 mm SL; UMMZ 192436: tributary
crossing 3.5 km S Tocumbo, Michoacén, C. D. Barbour and R. J.
Douglass V:29:1969, one male, 34.0 mm SL.

Ilyodon furcidens x Ilyodon xantusi hybrids.—UMMZ 145308: R{o

Colima, 300 m from R.R. station, Colima, C. L. Turner IV:2:1939,
three males, three females, 30.1-51.5 mm SL; UMMZ 160760: Rio
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Colima at the SW edge of the city of Colima, Colima, J. Oliver and
A. Bakewell VII:4:1935, two males, three females, one juvenile,
28.5-80,9 mm SL; UMMZ 160775: tributary of Rio Colima, W of Colima
on Hacienda Los Limones, 2 km SW of Villa Alvarez, Colima, J.
Oliver and A. Bakewell VIII:3:1935, four males, seven females,
32,8-78.5 mm SL; UMMZ 166444: tributary of Rio Salado, 5 km SE of
Colima, Colima, I. J. Cantrall II:10:1953, one female, 28.6 mm SL;
UMMZ 173589: Rio Salado, 10 km S of Colima City on the road to
Coalcomén, tributary to rio Coahuayana, Colima, C. L. Turner
IV:2:1939, three males, three females, 32.0~-45.3 mm SL.
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COMPARATIVE STUDY OF THE BEHAVIOR OF THE GOODEIDAE

The value of comparative behavioral studies in taxonomy has
been demonstrated for many groups of organisms (Lorenz, 1972;
Tinbergen, 1959; Alexander, 1962; Blair, 1962). Recent behavioral
studies of the Goodeidae attempted to use the "courting be-
haviors as taxonomic characters in this family (Fitzsimomns, 1970,
1972, 1974, 1976)., Fitzsimons described differences in the
frequencies and sequences of courting behaviors for four goodeid
species based on laboratory observations. The present study was
initiated to identify the courtship behaviors for all available
goodeid species and to evaluate their use as taxonomic characters.

Thirty-five populations representing 27 described species
are included in the study. Three species not represented are

Allodontichthys zonistius, Hubbsina turneri and Neoophorus meeki.

They did not survive shipment from México. A fourth species,
Alloophorus regalis, was believed extinct until April, 1978 when
three specimens possibly representing it were caught by the author.
A fifth, Chapalichthys peraticus, could not be caught at the type

locality. Of 33 described species, 27 or 85% were observed. Fur-
ther, at least three populations included in the study represent
undescribed species. Where available, five to ten adult pairs were
observed from each population. Courting pairs were observed
singularly and in stock aquaria for a total of more than 145 hours.
Individual species were observed from 2 to over 19 hours, depending
on the difficulty of obtaining sexually active pairs and the number
of adult pairs available for observation. A month was spent in the
field observing 19 species, eight of which were actively courting.
The 145+ hours of laboratory study and a month of field
observations revealed that most goodeids share the same courtship

behaviors. These behaviors are placed into six categories:
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introductory behaviors, headflick behaviors, quiver behaviors, zig

zag dance, headwag behaviors and displacement behaviors.

Introductory Behaviors

Introductory behaviors are performed at the onset of a
courting sequence. Generally it is the male that initiates court-
ship by approaching the female. If the female is unresponsive, the
courtship may terminate at this stage.

Orient (OR).—Either sex may watch a stationary or moving conspecific
and may pivot in place so as to continue watching a moving conspeci-
fic.

Follow (F).—Either sex may follow a moving conspecific. Generally
the male follows the female.

Parallel Swim (PS).—The male swims alongside and parallel to the
female, matching his speed to hers. He may swim in an exaggerated
fashion, stiff-bodied with fins erect, and/or with jerky darts on
either side of the female. Parallel Swim is easily observed in the
field, but small aquaria limit the expression of this behavior in the
laboratory.

Frontal Wheeling (FW).—The male swims from behind the female,
passes alongside her and cuts in front of, and broadside to her
(Fig. 1). He may swim in jerky darts (DT) and may approach the
female from either side. Frontal Wheeling usually causes a moving
female to slow down or stop, and the male then begins headflick or
quiver behaviors. This behavior appears to be the same as the

Front Wheeling display described by Fitzsimons (1970, 1972) for the
three species of Xenotoca. Drewry (1967) describes a similar
pattern in Fundulus.

Lead (ID).—The male swims slowly in front of the female, often in
an exaggerated manner, The female follows.,

Headflicking Behaviors

Headflicking, performed by males, generally follows intro-

ductory behaviors and precedes quiver behaviors. All headflick
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Fig.1l. Front Wheeling behavior (FW) of the Goodeidae.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



27

behaviors are characterized by the same pattern of body and fin
movements but differ in the orientation of the male to the female.
In headflick behavior, the male's dorsal, anal and caudal
fins are usually slightly relaxed and partly folded, less frequently
erect. The male "jerks" or shakes his body in erratic undulations.
In some species, headflicks are evident primarily in the head
region. In others, the entire body shakes. Headflicks may be
expressed in varying intensities by the same individual on different
days or on the same day after courtship has proceeded for a time.
They may be barely perceptible twitches of the body or larée ampli-
tude vigorous shakes involving sigmoiding of the body. The-dorsal
and anal fins "jerk" with the body. The frequency of the displays
and the number of shakes per display vary. The male may be head-up,
head-down or horizontal when headflicking. Usually the male is in
the same plane as the female, but occasionally he may be above or
below her. The female is usually stationary or moving slowly.
Headflick behaviors may last several seconds and may be done on
either side of the female. They are commonly done from four posi-
tions; side, frontal, lead and oblique. Frequently at the beginning
of courtship, the male assumes one of the four positions, pauses,
but does not headflick. These cases appear to be "intention move-
ments" (Hinde, 1970). Fitzsimons (1972,1976) described headflicking
in the gerus Xenotoca. This behavior appears to be homologous to
the headflicking behavior observed by Foster (1967) in courting
male killifishes, a sister group of the Goodeidae.
Side Headflick (SF).—The male is generally alongside and parallel
to the female and oriented head to head or rarely head to tail.
Less commonly, the male may be slightly behind or trailing the
female (Fig. 2).
Frontal Headflick (FF),—The male is directly in front of and broad-
side to the female. Less commonly, the male may be slightly off
center and to one side (Fig. 3).
Lead Headflick (LF).—The male is directly in front of the female,
facing toward or away from her (Fig. 4).

Oblique Headflick (OF).—The male is at an oblique angle to the
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Fig. 2, Side Headflick behavior (SF) of the Goodeidae. Side Quiver
behaviors (SQ) are also presented in these positions.
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Fig. 3. Frontal Headflick behavior (FF) of the Goodeidae. a) and
b) are dorsal views, c) is a lateral view. Frontal Quivers
(FQ) are also presented in these positions.
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Fig. 4. Lead Headflick behavior (LF) of the Goodeidae. Lead
Quivers (LQ) are also presented in these positions.
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female, facing toward or away from her (Fig. 5). This position is
rarer than the other three.

Quiver Behaviors

Quiver behaviors, performed by males, generally follow
headflick behaviors. They share a common pattern of body and fin
movements and generally precede a copulation attempt.

In quiver behavior, the male's dorsal, anal, caudal and
pelvic fins are generally held fully erect. The entire body quivers
in small amplitude, rapid, regularly-spaced undulations. The dorsal
and anal fins quiver with the body. Commonly the male's body is
sigmoid or C-shaped. Some species may show both sigmoid and C-
shape patterns. The male is oriented head to head, rarely head to
tail, with the female. He may be head-up, head-down or horizontal.
The male is usually in the same plane as the female, although in
quiver behaviors lasting several seconds he may move above or below
the plane of the female. The female is generally stationary or
moving slowly. Males may quiver continuously as they follow a rapid-
1ly moving female, or as they dart alongside her or cut her off.
Quiver behaviors are done from the same four positions as headflicks,
resulting in Side Quivers (SQ), Frontal Quivers (FQ), Lead Quivers
(1Q) and Oblique Quivers (0Q). The oblique position is less
frequently observed than the others. Quiver behaviors can be done
on either side of the female. Nelson (1975) and Fitzsimons (1970,
1972) described the Lead Quiver behavior as Frontal head-down dis-
play, not realizing that the male may be head-up, head-down or
horizontal to the female. Frontal Quiver was called "tilting" by
these authors.

Zig Zag Dance

Zig Zag dance, performed by males, is often combined with
headflick and quiver behaviors. The male swims back and forth in
front of and broadside to the female. The turns may be performed

in place, so that little forward progress is made, or they may be
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Fig. 5. Oblique Headflick behavior (OF) of tlie Goodeidae. Oblique
Quivers (0Q) are also presented in these positions.
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done at acute angles so as to keep ahead of a moving female (Fig.
6). The male may pause, then resume turning. He may turn in
towards the female or away from her at the end of each loop, or
in both fashions in one continuous series of turns. The behavior
consists of one to 10 or more turns. Some species, such as Skiffia
lermae and Skiffia multipunctata, tend to have longer zig zag
sequences than others. Small aquaria limit the expression of this
behavior in the laboratory. The male may headflick or quiver as he
is turning. Some species may zig zag with or without headflicks

* and quivers.

Fitzsimons (1970, 1972) described this behavior as three
separate behaviors: zig zag dance, loop dance and dance intention
display. I have observed one male do all three patterns in one
courting sequence. The presence or absence of these behaviors are
not species specific as Fitzsimons thought. All three patterns
appear functionally the same and elicit the same headwagging
response in females. The three categories erected by Fitzsimons
may just represent different intensities of the same behavior, with
the number of turns and the direction in which the male turns being
variable.

Copulation Attempt .

Copulation attempts generally follow quiver behaviors.
They were rarely observed in the field.

In a copulation attempt (CA), the male sidles up to the
female, alongside and parallel to her and in a head to head orienta-
tion. The anal fin and commonly the dorsal fin are inclined toward
her. The male quivers (Fig. 7). The female's response determines
if the attempt results in a successful copulation. She may swim
away from the male, remain impassive as the male quivers or stop
and quiver synchronously with the male. In the last case, the male
cups his anal fin over her genital opening, and in some species,
the dorsal fin is folded over the female's back. Synchronous
quivering usually lasts several seconds and the quivering and pro-—
longed clasping may carry the pair slightly forward. The bodies
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Fig. 6. Zig Zag Dance (ZZ) of the Goodeidae. The number of turns
and the direction the male turns are variable. a) the
male turns away from the female at the end of each loop
b) the male turns toward the female at the end of each
loop. The male may switch the direction of turning within
one dance sequence.
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Fig. 7. Copulation attempt (CA) in the Goodeidae. a) lateral
view b) frontal view c) dorsal view
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of both fish are sigmoid during synchronous quivering. Clasping

and quivering also occur in some killifishes during spawning
(Richardson, 1939; Koster, 1948; Raney et al., 1953). The male may
approach and copulate on either side of the female. The folding of
the male's anal fin over the female genital opening makes it diffi-
cult to determine how sperm are actually transferred, but several
hypotheses are given in the literature based on the anatomical
structure of the male's anal fin, the musculature surrounding the
male's urogenital tract and live observations of copulating fishes
(Mohsen, 196la, 1961b, 1965; Nelson, 1975). My observations indi-
cate that the folding of the anal fin, and particularly the.modified,
small anterior lobe of the anal fin, directs the sperm to the genital
opening of the female.

Headwag Behavior

Headwag behavior, performed by females, appears to signal
sexual receptivity. In general, only adult females headwag (HW).
The female can be head-up, head-down or horizontal. Her dorsal,
anal, pelvic and caudal fins are folded. Headwags are large ampli-
tude, relatively slow undulations, primarily of the head region.
They are similar to the headflicks seen in males, but the movements
in the female are generally slower, smoother and of larger ampli-
tude. The female may be stationary or swimming as she headwags.
Headwags consist of one to 10 or more consecutive undulations.

They may last for several seconds and are done only in the presence

of a male. Pregnant females occasionally headwag.

Displacement Behaviors

Behaviors listed in this section are commonly seen just
prior to, and during courtship displays but appear to be "irrele-
vant" to the context of courtship. They are performed by both
sexes and are frequently seen when one member of a pair is unres-
ponsive. During active courting, these behaviors are uncommon.

Feeding (FD).—Either the male (FM) or female (FD) may respond to
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courtship behaviors of the partner by feeding. Although objects
are taken into the mouth, they are spit out and not c asumed.
"Mouthing" also occurs, where the mouth moves as though the fish
were feeding although no food is present.

Sigmoid (S).—The body (either sex) may slowly undulate once. All
fins are spread. Sigmoid behavior is seen most often in the male,
especially when initiating courtship. In a "Yawn", the body undu-
lates and the mouth is élowly opened and closed. Sigmoid behavior
is rarely seen in the field. -
Scraping (SP).—The side of the body is scraped against the side or
bottom of the aquarium. )

Biting (BT).—Males frequently bite females when the females do not
headwag. Less commonly, a large unresponsive female bites the male.
Circling.—Circling behavior alongside the female (SC) or directly
in front of her (FC) is occasionally seen, especially in stock
aquaria. The circling behavior seems to result from confinement to
a small aquarium, the presence of other fish in the path of the
courting pair,-or an adjustment by the male to a change in direction
by the female.

Chase.—The male chases other males from the female (CH). Occasion-
ally the female may chase a male (CF).

Aggressive Behavior

Aggressive behavior is "behavior directed toward another
individual which could lead to physical injury to the latter and
often results in settling status, precedence or access to some
object or space between the two" (Hinde, 1970). In goodeids,
aggressive behavior between a conspecific male and female generally
precedes or follows courtship. It often occurs when one fish is
unresponsive to the courtship behaviors of its mate. Conspecific
males frequently aggress each other but conspecific females rarely
do. In the field, aggressive behaviors were observed only between
males.

The pature of aggressive interactions.—There are two categories of
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aggressive interactions that depend on the relative body sizes of
the pair. In the first, a larger fish displaces a smaller fish by
a short chase. The smaller fish flees without displaying. In the
second, two fish of the same size (within 5 mm) align their bodies
parallel and horizontal, generally head to tail, and "Tailbeat".
In tailbeating, the dorsal, anal, caudal and pelvic fins are held
fully erect. The body is snapped in slow "S" undulations forcing
water at the opponent. ‘Often the bodies or caudal fins of the fish
slap against each other. A frontal position is also commoqu
assumed. One fish swims directly in front of and broadside to the
other fish. The fish may also align in a "V" formation, head to
head with their heads apart and tails together (Fig. 8). During a
vigorous tailbeating bout, these positions are often shifted.

As goodeids have an acoustico-~lateralis system on the head
that comprises pores or neuromasts, and tailbeats are often directed
at the head of the opponent, the waves generated in this display are
presumably used by the fish to assess the opponent's strength. If
tailbeating does not result in one fish fleeing, the fish then
circle and bite each other. In two species, Allotoca dugesi and
Alloophorus robustus, the fish may lock jaws and tug.

Color changes during aggressive interactions.—The colors of many
male goodeids intensify during aggressive interactions, and the rim
of the eye forms a vertical black bar which includes the pupil
(Fig. 9). This black bar develops in both males and females, and
has been seen in the following species: Allodontichthys tamazulae
Turner, Allotoca dugesi (Bean), Ameca splendens Miller and
Fitzsimons, Chapalichthys encaustus (Jordan and Snyder), Goodea
gracilis Hubbs and Turner, Goodea luitpoldi (Therese von Bayern and
Steindachner), Ilyodon furcidens (Jordan and Gilbert), Ilyodon
xantusi (Hubbs and Turner), Skiffia francesae Kingston, Xenotaenia

resolanae Turner, Xenotoca eiseni (Rutter), Xenotoca melanosoma

Fitzsimons and one undescribed genus and species (Uyeno and Miller,
1972). The bar is more prominent in some species than in others.
The defeated fish in these species may develop a completely black
iris (Fig. 9¢), fold its fins and flee or hide. But in prolonged
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Fig. 8. Aggressive behavior in the Goodeidae. a) and b) are lateral
views, c¢) and d) are dorsal views.
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Fig. 9. Eye-color changes in the Goodeidae. a) normal eye color
b) and c) aggressive patterns
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battles in which neither fish appears dominant, both fish may develop

blackened eyes. Blackened eyes were also noted in Skiffia bilineata

(Bean), Skiffia lermae Meek and Alloophorus robustus (Bean).
Similar eye color changes also occur in aggressive pomacentrids
(Rasa, 1969), cichlids (Heiligenberg et al., 1972; Leong, 1969),
sunfish (Miller, 1963), darters (Moerchen, 1974) and possibly a
killifish (Carranza and Winn, 1954). These aggressive eye-color
changes presumably have a signal function, although this hypothesis
has not been critically tested. The subordinate fish flees the
aggressive interaction shortly after its eyes blacken. In long dis-
plays, where both fish develop blackened eyes, the aggressive inter-
action is usually ended by both fish swimming away. The development
of blackened eyes in goodeids appears to be associated with a de-
crease in the willingness to fight (Kingston, in press).
Distinguishigg aggressive behavior from courtship behavior.—
Aggressive behavior differs from headflick and quiver behaviors
because the bodies of aggressive fish undulate in large amplitude,
smooth waves. Also the orientation of the fish is generally head
to tail in aggressive interactions and head to head in courting
behaviors. Finally eye-color changes are seen only in aggressive
fishes.

Earlier accounts of goodeid behavior (Fitzsimons 1970,
1972) failed to distinguish between aggressive and courtship behav-
iors. Tailbeating behavior in Characodon lateralis was thought to
be a courtship behavior. But in the field, I never observed tail-
beating behavior between males and females, and tailbeating behavior
was never seen to precede courtship. Barlow (1961) reported a
similar movement in a lateral agonistic display between two males
and between a male and a female of Cyprinodon macularius. Koster
(1948) also observed killifish aligning in parallel with fins erect.

In the laboratory, both males and females show aggressive
behavior, but cases involving females generally followed the intro-
duction of a male to an aquarium in which the female had been iso-
lated for some time. Occasionally a female responded to a male's

aggressive display by headwagging. In these cases, the male often
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ceased displaying aggressively and began courting the female.
Fitzsimons undoubtably witnessed this sequence, which led him to
misinterpret agonistic displays as courtship displays. In the
field, only conspecific males were observed displaying agg;essively.
Summary.—Goodeid courtship behaviors include Orient, Follow,
Parallel Swim, Frontal Wheeling, Lead, Headflicks, Quivers, Zig Zag
Dance, Copulation Attempt and Headwag. Females perform only the
headwag behavior. Males perform all other behaviors. Headflick and
quiver behaviors are presented from four positions; side, frontal,
lead and oblique. In headflick behavior, the fins are relaxed and
partly folded and the body "jerks" in erratic undulations. 'In
quiver behavior, the fins are held erect and the body quivers in
small amplitude, rapid, regularly-spaced undulations. During the
zig zag dance, the male may also headflick or quiver. Displacement
behaviors, such as Feeding, Sigmoid, Scraping, Biting, Circling and
Chase are rare in actively courting pairs.

In the field, aggressive behaviors occur between conspeci-
fic males of the same size. Aggressive behaviors include tailbeating,
circling, biting and jaw tugging. In tailbeating, the body is
snapped in large "S" undulations and the fins are held erect.
Fighting fish develop vertical black bars through the eyes or com—
pletely blackened eyes.

Similarities and Differences in Courtship Behavior

In this section, the courtship behaviors of different
goodeid species are compared and contrasted.
Similarities in courtship behaviors.—Few courting behaviors have
been described for any goodeid species. Incomplete accounts have

been given for Xenotoca eiseni, Xenotoca melanosoma, Xenotoca

variata, Characodon lateralis and Goodea atripinnis (Fitzsimons,
1970, 1972; Nelson, 1975). In the present study, the behaviors
observed for 27 species of goodeids are summarized in Table 2. All
species show Orient and Follow behavior, and these behaviors are
omitted from the table.

Contrary to the previously published accounts (Fitzsimons,
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Table 2. Courtship behaviors of the Goodeidae. Blanks indicate behavior not observed. All species
show Watch, Orient and Follow behavior. See text for explanation.
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Xenotoca variata

Table 2, continued...
SPECIES

Xenotoca eiseni
enotoca melanosoma

Zoogoneticus quitzeoensis

Undescribed sp. Ameca drainage
Undescribed genus and sp.
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1970, 1972; Nelson, 1975), in this study, most goodeids were observed
to share the same courtship behaviors. For example, the three
species of Xenotoca share headflicking and headwag behaviors which
were thought to be species specific behaviors by Fitzsimons (1970,
1972). Also, species and subspecies representing six genera have
been observed to share the same 14 courtship behaviors. They are:
Ameca splendens, Chapalichthys pardalis, Goodea atripinnis, Ilyodon
furcidens furcidens, Ilyodon furcidens amecae, Skiffia lermae,

Xenotoca eiseni and Xenotoca variata (Table 2). In fact, few behav-
iors appear species specific in goodeids. Additional observations
may reveal that most of the remaining species perform all 14 behav-
iors and that many of the blanks in Table 2 result from insufficient
information. In particular, where a species has been shown to do
several headflick behaviors, it is likely that it can do all the
headflick behaviors. The same is true of the quiver behaviors.
Failure to observe certain behaviors for some species is largely a
result of the small number of adult pairs available for study,
seasonal fluctuations in the availability of courting pairs, and
lack of control over the "readiness" of both members of a pair to
court.

In several species one male was seen to perform all of the
headflick and quiver behaviors, although rarely during one observa-
tion periocd. Evidently each male is capable of performing all the
behaviors demonstrated for its species, but rarely performs them
all at one time because of differences in his and the female's readi-
ness to mate. Varying the conditions of observation, although not
controlling the "motivational state" of a pair, gave a more complete
behavioral repertoire than would have been otherwise observed. Some
fish were isolated or separated by a partition until observed.

Other pairs were introduced to an aquarium simultaneously. Stock
aquaria were also observed. Using "virgin" females, those isolated
from males since the birth of their last brood, improved the chances
of selecting a responsive female. But the absolute time pairs of a
species were observed is not correlated with the completeness of
behavioral observations for that species (Fig. 10). In general,
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3 hours spent observing courting pairs, under a variety of conditions,
was sufficient to determine many of the behaviors performed by a
species.

Differences in courtship behavior.—It is possible that some behav-
iors are less frequent in some species than others, but this possi-
bility is difficult to test. Differences in courtship behaviors
among goodeids are of two types, deletions or additions of behavioral
patterns. These differences suggest evolutionary changes in several
goodeid lineages.

Some blanks in Table 2 appear real. Headflicking behaviors
have never been observed in the genus Girardinichthys, although all
other goodeid genera perform them. Copulation attempts in
Girardinichthys viviparus were frequently observed, suggesting that

headflick behavior must be rare or absent in this species.

Girardinichthys viviparus shows the simplest courtship, consisting

of following, sidling and attempting copulation. In Girardinichthys
multiradiatus, the only other member of this genus, males did not
court females in the laboratory, althcugh females headwagged at
approaching males. It is not known if the simplified courtship of
Girardinichthys represents the primitive state or a derived state of
secondary loss of courtship behaviors. If the relative ages of
goodeid genera were known, a reasonable guess could be made about
the primitiveness of the simple courtship of Girardinichthys. As
yet, the fossil record is meager (Alvarez and Longoria, 1972; Smith
et al,, 1975), and gives little information on the evolutionary
history of this family.

An additional behavioral pattern, Lunge and Retreat (IR),
is seen only in the two species of the genus Allotoca (Fig. 11).
The male darts, generally in a "jerky" fashion, towards the female,
with dorsal and anal fins variably erected or folded. He then backs
up slowly, tail down, or rarely turns a tight circle in place. The
Lunge and Retreat behavior may be done in front of and facing the
female, in front of and broadside to the female, alongside and
parallel to the female, alongside and facing the female at a 90°
angle, or slightly behind the female. The Lunge and Retreat
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Fig. 11. Side Lunge and Retreat behavior (IR) of Allotoca. This
display may be presented in many positions. See text for
explanation.
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behavior is an addition to the behaviors shown by other goodeids,
as both Allotoca species show many, possibly all, of the other behav~
iors. Allotoca males also dart in semicircles around the female,
behind her, and in front of and broadside to her. In these " jerky"
darts, the dorsal and anal fins are generally folded, and the male
swims with large amplitude "S" undulations of the body. The
quivers of Allotoca are also broken up by erratic twitches of the
body, a peculiarity it shares with an undescribed species from the
Ameca drainage. .
Modifications of courtship behaviors.—Other modifications of court-
ship were seen in Skiffia bilineata and Skiffia francesae. In
these two species, females were not observed to headwag. In S.
bilineata, the female quivers energetically presumably to indicate
sexual receptivity. Only quivering females are vigorously courted
by males and only they copulate. Skiffia francesae females also
appear to quiver when actively courted by males, but the quivers are
imperceptible except as slight tremors of the erected dorsal fin.
Quivering is a behavior usually seen only in copulating females, but
in these two species it has replaced headwagging as a signal of
receptivity. Skiffia francesae males also share the behavior
Nuzzling with S. multipunctata males. In Nuzzling, actively court-
ing males poke or nose the female around her genital opening. The
male is slightly behind and below the female, his body inclined up-
wards at a 45° angle bringing his snout to the female's genital
opening. This behavior is seen only in actively courting males.
Barlow (1961) observed this behavior in Cyprinodon macularius.
Although such behavior suggests that females produce a pheromone,
experiments with S. francesae males discussed later do not support
this hypothesis. In Skiffia lermae, the headflick behaviors are
somewhat de-emphasized. Rather than being erratic undulations of
the body, the body is held stiffly and swung in an arc at erratic-
ally spaced intervals. The head swings through the greatest part of
the arc, the tail region acting as a pivot.

Too few adult pairs of Zoogoneticus quitzeoensis were
available to determine if this species exhibits all the behaviors
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seen in other goodeids. One peculiar modification is that a male
may roll until his side is parallel to the bottom or even until he
is virtually upside down. Rolling occurs during headflick and
quiver behaviors. No other species observed exhibited this
behavior.

A modified behavior is also seen in four species that are
not presently considered closely related. The two species of
Allotoca, Characodon lateralis, and an undescribed species from the
Ameca drainage all share a modified headflick behavior in the males.
The headflick is a small amplitude, rapid shudder of the head
region and is more uniform than the erratic, larger amplitude move-
ments seen in other goodeids. Additional data on these four species
may elucidate presently unrecognized interrelationships.
Summary.—Courtship behaviors are similar and probably homologous
for all goodeids. The behavioral patterns involve the same fin and
body movements. The expression of headflicks and quivers varies
slightly as a result of differences in morphology. Field observa-
tions indicate that the behaviors observed in the laboratory are
relatively free of distortion.

In general, modified behaviors were observed in single
species or were confined to species of one genus. While these
behavioral differences support the present taxonomic placement of
these species, they provide little new taxonomic information. One
exception may be the modified headflick behavior of the two species

of Allotoca, Characodon lateralis and an undescribed species from

the Ameca drainage. These species are not presently recognized as
closely related.

Sequence Data and its Limitations

As the courtship behaviors yield little taxonomic informa-~
tion for the Goodeidae, the frequencies of these behaviors and their
sequences were examined (Tables 3-15).

Selection of sexually responsive fishes.—Selecting sexually

receptive fishes is difficult. A variety of arrangements designed

to induce sexual responsiveness failed. The arrangements were:
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Table 3. Frequency and sequence of behavioral patterns in courtship of a pair of Ilyodon furcidens

furcidens. First day, observed 22 minutes in the laboratory. See text for explanation.

MALE BEHAVIOR FEMALE BEHAVIOR
PRECEDES FOLLOWS ———>
j’ SF OF FF LF SQ 0Q FQ LQ 22 FW CA S F PS FC SC CH BT DT FD HW
SF
OF 1 1
FF 2 1 8 3 . 12
LF
sqQ 2 2
0Q 2 1 7
FQ 1 4 1 1 22
19
2z 1 15 2 .8
FW
cA
s 1 1
F 13 102 2 3 2 2
PS
CH
BT 1 1
DT 1
FD 1 4
HW 1 8 3 1 12 9 9 2 1 5 10 .

s
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Table 4. Frequency and sequence of behavioral patterns in courtship of a pair of Ilyodon furcidens
furcidens. Same pair as in Table 3, recorded three days later for 22 minutes. See text for

‘explanation.
MALE BEHAVIOR FEMALE BEHAVIOR

PRECEDES FOLLOWS —>

SF OF FF LF SQ 0Q FQ LQ 2Z FW CA S F PS FC SC CH BT DT FD HW
SF
OF 2
FF 1 2 7 1 2 5
LF
sQ 1 1 10 4 1 5 6 4
0Q 2 101
FQ 8 3 5 1 2 3 12
9
2z 4 1 13 6 4 6 2 1n
FW
cA 5
s 1 101 1 2
F 5 2 21 3 103
PS
CH
BT 1 1 3 5
DT
13} 1 3 3 1
HW 2 1 2 13 9 2 . 2 3 '

2s
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Table 5. Frequency and sequence of behavioral patterns in courtship of a pair of Ilyodon furcidens
furcidens. Same pair and same day as in Table 4, recording resumed after a ten minute lapse.
Observed 22 minutes. See text for explanation.

MALE BEHAVIOR FEMALE BEHAVIOR

PRECEDES FOLLOWS —3

iSFOFFFLFSQOQFQmZZFHCASFPSFCSCCHBTDT FD HW
SF
OF 1

FF 1 2 3 1 1 ’ 6
IF

sQ 2 1 4 2 1
0Q

FQ 6 1 1 1 2 1
7))

7z 3 14 5 2 20 1 2 28
FW

cA 4 1
s

F 1
PS

FC

sC

CH

BT 1 1 3 4
DT

-

W

NN
&S

30 1 3 2 2

FD
HW 1

FSy
w
~
N
~N
-
=
~
w
~

(29
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Table 6. Frequency and sequence of behavioral patterns in courtship of a pair of Ilyodon furcidens
tﬂ' . Observed 143 minutes over a period of seven days. See text for explanation.

MALE BEHAVIOR FEMALE BEHAVIOR

PRECEDES FOLLOWS ——>

!

SF OF FF LF sQ 0Q FQ 1Q 22 FW CA S F PS FC SC CH BT DT FM SP FD CF HW
1

m

=

sSu
[N
w
[NEN)
e
w
NN
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o

N

W o
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Table 7. Frequency and sequence of behavioral patterns in courtship of a pair of Ilzodun furcidens
tuxpan. Same pair as in Table 6. Observed 60 minutes. See text for explanation.

MALE BEHAVIOR FEMALE BEHAVIOR

PRECEDES FOLLOWS ——>

J/SFOFFFLFSQOQFQLQZZFWCASFPSFCSCCHBTDTFMSP FD CF HW
SF 1 2
OF

FF 1 2 1 4 1 1 1 . 12
LF

sQ 1 1
0Q

FQ 1 2 1 1 1
10

7z 1 1 8
FW

cA 1
s 1 1

F 3 1 101 1 1
PS

FC 4 1 6 2 1 6
sC

CH

BT 4 1 2 2 7 2 2 1
DT 3
M 2

Sp 2 . 1

FD 1 1 1 11 6
CF
HW 1 8 1 7 6 8 4 2 1

B

sS



‘uoissiuiad Jnoyum pajiqiyoud uononpoldal Jayung “Jaumo JybliAdod ey Jo uoissiwiad yim peonpoidey

Table 8. Frequency and sequence of behavioral patterns in courtship of

Teuchitlin, Jalisco. Seventy-three interactions.

PRECEDES

!

SF
OF
FF
LF
5Q
oQ
FQ
1Q
zZ
FW
CA
S

F

PS
FC
sc

FD
HW

SF OF FF LF SQ 0Q FQ LQ

4
1
1

v

2
1

[XEV)

MALE BEHAVIOR

1
1
1
3
7 1
1
1

zz
1

2

1

e

FOLLOWS —

FW CA S
1
1
1
1 1
1

N R

-

v

PS FC sC

D

Ameca splendens at E1 Rincén,

FEMALE BEHAVIOR

9s
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Table 9. Frequency and sequence of behavioral patterns in courtship of Skiffia multipunctata at
One hundred and forty-four interactions.

Lago de Cam&cuaro, Michoacin.

PRECEDES

SF OF FF LF SQ

2

W

1

1

NN
o

N

0Q
1

-

BN

N

MALE BEHAVIOR

FQ 1Q 22
2
2
4 4
7 1 5
75 6 34
5.3 6
1282 9
68 9 30
1 1
16 4 20
1
1 1

FEMALE BEHAVIOR

FOLLOWS ————>

FW CA S F PS FC SC HW
2 6 .
1

1
4 6 11

5
37 68 1 1 2 1
4 5
2 11 2
7 10
1 1
66 14 1 1
1

1

1 2

2

LS
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Table 10. Frequency and sequence of behavioral patterns in courtship of Ilyodon furcidens furcidens
at Rio Terrero, Jalisco. Thirty-five interactions observed.

MALE BEHAVIOR FEMALE BEHAVIOR

PRECEDES FOLLOWS ———>

SF OF FF LF SQ 0Q FQ 1Q 2zZ FW CA S F PS FC SC HY
SF 1 3 1 2 1 12
OF 2
FF 1 1 3 1 4 6 26
IF 1 5 4 11 6 3 3 4 1 ‘31
sQ 1 1 3
0Q
FQ 1 2
9 101 1 1 1
2z 1 16 2 2 1 1 24
FW 1 4 4 102 16
cA
s
F 2 2 1 2 18 5
PS 6 1 3 8 1 1 5 4 2 2 85
FC 101 2 5
sc 1 2
HW 21 122 35 1 2 23 18 20 66 2 1 105

8%
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Table 11. Frequency and sequence of behavioral patterns in courtship of Ilyodon furcidens furcidens.
Observed 83 minutes in the laboratory.

MALE BEHAVIOR FEMALE BEHAVIOR
PRECEDES FOLLOWS ————3
lSFOFFFLFSQOQFQlQZZFWCASFPSFCSC HW
SF 15 4 5 5 1 2 2 3 110 5 10
OF 5 2 1 i 1 2
FF 4 2 3 1 2 1 5 11 14 101 5
IF 4 2 1 4 5 1
sQ 3 1 2 8 2 1 3 2 13
0Q 102 4 1 1
FQ 9 1 3 4 3 20
0 2 2 1
727 3 1 2 17 1 17 105 21
FW 102 101 1 1 2
cA 1 1
s 2 1
F 115 6 2 1 2 1 1 5 8 18 5 1
PS
FC 1 2 1
sc 8 3 1 4 1
HH 15 8 1 9 2 12 17 6 3 7

65
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Table 12. Frequency and sequence of behavioral patterns in courtship of Skiffia lermae at E1 Molino,
Michoacén.

MALE BEHAVIOR FEMALE BEHAVIOR

PRECEDES FOLLOWS ——>

SF OF FF LF sQ 0Q FQ

~E

ZZ FW CA S F PS FC SC CH FD HW
2 1 2 1 3 7 2

R

1 2
2 6
2

N %)
N o
HwH RPHRES

wN -
HFWUNNWENR
HOH NN N
w
SNSOVUDLOW
HFoNSN

2
N

HWLN o

NN

[N

N

=~

o

w

)

(AN

o

o~

09
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Table 13. Frequency and sequence of behavioral patterns in courtship of Skiffia lermae. Observed

79 minutes in the laboratory.

PRECEDES

6 1 4 4
4 1 3 6
6 6 12
1 1
1 7

2
1

2

8 2 3

1

2
1 1 3

-

SF OF FF LF SQ 0Q FQ LQ ZZ
6

2

-

MALE BEHAVIOR

FW CA S
1 1
1

2

1
3

1
1 1
2

1

F
9

[SEREN)

= ;

o

FEMALE BEHAVIOR

FOLLOWS ——>

PS FC SC CH FD HW
1 3 2
1
1

6
1

2

1

19
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Table 14. Frequency and seqﬁence of behavioral patterns in courtship of Chapalichthys pardalis

at Tocumbo, Michoacdn. Eighty-five interactions observed.

MALE BEHAVIOR FEMALE BEHAVIOR
PRECEDES FOLLOWS ———>
J’SFOFFFLFSQOQFQLQZZFWCASFpchsc HW
SF 5 3 2 3 1 1 12 18 6 1
OF .
FF 2 5 3 14 2
IF 1 1 2 6
sQ 4 1 2 1 5 9 2
0Q 2 2
FQ 12 1
1Q 1 2 2
2z 1
FW 1 . 5 1
cA 1 4 5 1
s
F 21 18 9 1 2 10 2 4 6 3 12 38 1 2 1
PS 18 2 2 1 1 2 1 2 3 17 1 1
FC 1 1
sc 1 1
HW

z9
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Table 15. Frequency and seq-uence of behavioral patterns in courtship of Goodea atripinnis at Lago

de Camécuaro, Michoacdn. Forty-five interactions observed.
MALE BEHAVIOR

PRECEDES FOLLOWS —

SF OF FF IF SQ 0Q FQ 1Q 2Z FW CA S F PS FC SC CH BT DT
SF 2 1 1 1 1

OF

FF 1 2 1

8
N W

o
%}
N
-

FEMALE BEHAVIOR

=

[GECRCECRCE- )

13
15

€9
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females and males were kept in isolation then brought together for
observations, a female was placed with several males or a male with
several females and pairs were isolated from stock aquaria simultan-
eously. No treatment was better in yielding sexually resﬁonsive
fishes.

The male often initiates courtship, but if the female does
not headwag, he generally ceases or engages largely in introductory
behaviors or sporadic headflick displays. In rare cases, a male
attempts copulation with the female immediately upon being released
in her aquarium. A few of these attempts appeared successful.
Females respond to male courtship by fleeing, hiding, aggressive
behaviors, headwagging and copulating. Males often perform quiver
behaviors if headwagging females are present. Females can also
initiate courtship by headwagging at approaching males. The male
responds either by courting or by acting indifferently.. In the latter
case, he swims randomly without showing aggressive or courting
behaviors. To obtain a responsive pair at times takes several
days to several weeks. As a result, in a few species, less than
five courting pairs were observed in the course of three years.
Mortality also terminated observations on some species. For many
species, the sequence data represents a few pairs observed over
several days to weeks,

Individual variation in courting behavior.—Comparisons of sequence

data obtained on different days revealed that the behaviors, their
frequencies and sequences varied for a given pair (Tables 3-7). On
one day a male might show frequent headflick behaviors (Table 6).
Later in the week, he might show more quiver behaviors (Table 7).
Different pairs of fishes did not exhibit the same frequency of
courtship behaviors per unit time (Tables 3-6). A pair of Ilyodon
furcidens observed for 143 minutes showed fewer courtship behaviors
than another pair observed for 22 minutes., There is no obvious
control for such discrepancies in activity, making quantitative com-
parisons among species difficult for taxonomic purposes.. However,
consideration of only actively courting pairs revealed a general

pattern to courtship for the Goodeidae.
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General sequence of behavior.—The sequence matrices indicate that
headflick behaviors tend to follow headflick behaviors and that
quiver behaviors follow quiver or headflick behaviors. Headflick
behaviors do not often follow quiver behaviors (Tables 3-15). A

general pattern of behaviors emerges:

Introductory —> Headf' 1icﬂ—> Quivei_)—) Copulation

Behaviors Behaviors Behaviors Attempt

This diagram is simplified. For instance, as noted earliel:, a pair
may copulate with no prior behavior, and headflick behaviors occa-
sionally follow quiver behaviors. But most sequences derived from
actively courting pairs follow this pattern. The headflick behaviors
appear together in blocks as do the quiver behaviors. In fact, fe-
males may be responding to headflicks or quivers per se and not to
the position in which they are done. The two most common positions,
alongside the female, and in front of her, coincide with the place-
ment of neuromasts and pore canals in these fishes., These-pressure
receptors might enable the fishes to differentiate between head-
flicks and quivers by differences in the pressure waves generated

by these behaviors. Goodeids have well developed pore canals along
the top of the head, the preopercles, lacrimals, mandibles and around
the eyes.

Populational variation in reproductive activity.—Field data indi-

cate that the responses of populations are not always comparable
(Tables 8, 10). Individuals in these populations differ in the
number of behaviors they perform per unit time and the intensity
with which these behaviors are performed. Sequence matrices derived
from field data reflect these differences. Increasing the number of
courting pairs observed does not necessarily increase the total
number of sequences or the total number of courtship behaviors
observed. Populations containing fewer courting fish may generate
more sequence data than populations in which most individuals are
courting. The grea{:er the number of courting males, the greater
the likelihood that the courtship of any one ‘female is interrupted
by male-male interactions and the shorter the behavioral sequence
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observed. Variation in the breeding seasons and in the sexual
responsiveness of individual fish makes it possible to see largely
headflicking behaviors in one population and quivering behaviors in

another observed at the same time of year. In Neoophorus catarinae

no members were courting. As variation in the intensity of courtship
is great within and among populations, and local environmental and
seasonal changes determine when goodeids reproduce, even field-
derived sequence data obtained for several species at the same time
of year cannot be used safely for quantitative comparisons .(Tables
8, 9, 10, 12, 14, 15).

are not strictly comparable to laboratory-derived sequence matrices
as the conditions under which they are obtained are different. In
the laboratory, a pair of fish is isolated and each fish interacts
only with its partner in an artificially confined space largely
devoid of cover. Extensive sequence data can be recorded for one
pair. Observations of stock aquaria simulate natural conditions
better, despite restrictions of space and crowding. Sequence data
can be compiled for many pairs simultaneously. In the field and

in stock aquaria, a male rarely completes more than a few courtship
behaviors before he is separated from the female. Males often
interrupt courtship to display aggressively at adjacent males. They
frequently become separated from the female during these aggressive
bouts. Males also become separated from females when the females
flee, hide in vegetation or disappear in fish aggregates. Males
even cease courting females, appearing to lose interest after sever-
al minutes of courting. Frequently they switch their attentions to
another female that crosses their path. As a result, sequence
matrices derived from field data are the sum of brief encounters
among many fish. In the field, there are virtually no instances
where only one pair of fish interacts. Because of these differences,
it appears unwise to compare field and laboratory sequence data.
Failure to control the sexual responsiveness of goodeids, even under
controlled laboratory conditions, makes comparisons among species

difficult. Conclusions based on sequence data must remain tentative.
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Communication between males and females.—In general, males appear
to respond to headwagging females, and females appear to respond to
courting males. To test this hypothesis, the sequence data (Tables
4, 8, 9, 10, 12, 14, 15) were rewritten to indicate the female's
responses to male behaviors. The responses of the female were
scored as either headwag or "other behavior" (which included no
response by the female). The frequencies were calculated for each
male and female behavior. These frequencies were used to calculate
the expected number of female behaviors that would follow each male
behavior. Chi square values were calculated from the observed and
expected values and the values for each table summed to give a test
statistic (Tables 16-29). A chi square test of independence was
performed for each data matrix (Hazlett and Bossert, 1965; Dixon
and Massey, 1969).

In most cases, the hypothesis of independence could be
rejected at the .005 level, indicating that female behavior is not
independent of male behavior (Tables 17, 19, 23, 25, 29). In two
cases, female behavior appears independent of male behavior (Tables
21, 27). Few females in these populations were observed to headwag.
Most of the females of Chapalichthys pardalis (Table 27) were al-

ready pregnant and unresponsive to male courtship.

These results further illustrate the difficulty in compar-
ing sequence matrices. Male courtship behaviors may be performed
even in the virtual absence of receptive females. The sequence
matrix derived from a population in which females are responsive
could be quite different than one derived from a population of un-
responsive females. Laboratory studies suggest that quiver behav-
iors would be less frequently seen in populations with unresponsive
females.

The male behavior that elicited the most response from
females (indicated by large chi square values) varies from species
to species and even within a species (Tables 17, 19, 23, 25, 29).
In one case, females of Ilyodon furcidens furcidens responded to
frontal and side quivers (Table 17). In another case, they responded
to follow and parallel swim behaviors (Table 23). Females of
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Table 16. Observed and expected responses of female Ilyodon
furcidens furcidens to male courtship. Female behavior
is scored as either "headwag behavior" or "other
behavior" (including "no response"). The expected values
are given in parentheses next to the observed values.
Data from Table 4.

MALE : FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other" Total Frequency
OF 0(0) 2(2) 2 .012
FF 5(3) 8(10) 13 .081
SQ 0(6) 32(27) 32 .199
0Q (1) 2(2) 3 .019
FQ 12(4) 10(18) 22 2137
2z 11(7) 25(29) 36 $224
ca 0(1) 5(4) 5 .031
S 0(1) 6(5) 6 .037
F 3(6) 29(26) 32 2199
BT 0(2) 10(8) 10 .062
Total 32 129 161
Frequency .199 .801
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Table 17. Test of independence of male and female behavior in
Ilyodon furcidens furcidens. Data from Table 16.
Numbers .in table are chi-square values. - -

.. 2
Chi“square = (observed - expected - 0.5)

expected
MALE FEMALE
BEHAVIOR® BEHAVIOR
Headwag "Other" N

OF .13
FF .75 .63
sQ 7.04 .75
0Q .25 .13
FQ 14.06 4.01
2z 1.75 .70
CA 2.25 .06

S 2.25 .05

F | 2.04 .24
BT 3.13 .28

Chi-square (for table) = 40.50

Theoretical value (.00l level, nine degrees of freedom) = 21.67
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Table 18. Observed and expected responses of female Ameca splendens
to male courtship. Female behavior is scored as either
"headwag behavior" or "other behavior" (including "no
response"). The expected values are given in parentheses
next to the observed values. Data from Table 8.

MALE FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other" Total Frequency
SF 14(9) 11(16) 25 164
OF o(1) 4(2) 4 .026
FF 12(8) 10(14) 22 .148
sQ 6(7) 13(12) 19 .125
oQ 2(1) 0(1) 2 .013
FQ 3(1) 0(2) 3 .020
Q 1(2) 4(3) 5 .033
2z 5(5) 9(9) 14 .092
FW 2(1) 2(2) 4 .026
cA 1(1) 3(2) 4 .026
F 5(12) 27(20) 32 .211
PS 6(7) 12(11) 18 .118
Total 57 95 152
Frequency 375 «625
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Table 19. Test of independence of male and female behavior in
Ameca splendens. Data from Table 18. Numbers in table
are chi-square values. -

- (observed ~ expected - 0.5)2

Chi-square expected
MALE . FEMALE
BEHAVIOR BEHAVIOR

Headwag "*Other"
SF 2.25 1.89
OF 2.25 1.13
FF 1.53 1.45
sQ .32 .02
0Q W25 2.25
FQ 2.25 3.13
10 1.13 .08
2z .05 .03
FW .25 .13
CA .25 .13
F 4.69 2.11
Ps .32 .02

Chi-square (for table) = 27.91

Theoretical value (.001 level, 11 degrees of freedom) = 24.73
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Table 20. Observed and expected responses of female Skiffia
multipunctata to male courtship. Female behavior is
scored as either "headwag behavior" or "other behavior"
(including "no response"). The expected values are given
in parentheses next to the observed values. Data from

Table 9.
MALE FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other" Total Frequency
SF 0(0) 15(15) 15 .019-
OF 0(0) (1) 1 .001
FF 0(0) 3(3) 3 .004 -
SQ 0¢0) 34(34) 34 +043
0Q 0(0) 21(21) 21 .026
FQ (1D 259(259) 260 .328
1Q 0(0) 25(24) 25 .031
22 2(1) 157(159) 159 .201
FW o(1) 129(129) 129 .163
cA 0(¢0) 5(5) 5 .006
F (1) 133(133) 134 .169
Ps 0(0) 1(1) 1 .001
FC 0(0) 3(3) 3 .004
sC 0(0) 3(3) 3 .004
Total 4 789 793
Frequency .005 995
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Table 21. Test of independence of male and female behavior in
‘Skiffia multipunctata. Data from Table 20. Numbers
in table are chi=-square values. )

e . 2
Chi-square = (observed - expected - 0.5)

expected
MALE - . FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other"
SF .02
OF — .25
FF — .08
SQ .01
0Q _— .01
FQ .25 0
LQ .01
2z .25 .04
FW 2.25 0
cA .05
F .25 0
Ps 25
FC .08
sC .08

Chi-square (for table) = 3.88

Theoretical value (.005 level, 13 degrees of freedom) = 22,36
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Table 22. Observed and expected responses of female Ilyodon
furcidens furcidens to male courtship. Female behavior
is scored as either "headwag behavior" or "other behavior"
(including "no response"). The expected values-are given
in parentheses next to the observed values. Data from

Table 10.
MALE FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other" Total Frequency
SF 12(11) 8(9) 20 .054 "
OF 2(1) o(1) 2 .005
FF 26(24) 16(18) 42 113
F 31(34) 29(26) 60 .161
sQ 3(3) 2(2) 5 .013
FQ 2(2) 1(1) 3 .008
1 1(3) 4(2) 5 .013
2Z 24(27) 23(20) 47 .126
FW 16(16) 12(12) 28 .075
F 5(17) 25(13) 30 .081
PS 85(67) 33(51) 118 .317
FC © o 5(5) 4(4) 9 .024
sC 0(2) 3(L 3 .008
Total 212 160 372
Frequency .570 +430
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Table 23, Test of independence of male and female behavior in
Ilyodon furcidens furcidens. Data from Table 22.
Numbers in table are chi-square values. -

. . 2
5o, — (observed - expected = 0.5)
Chi-square expected
MALE . FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other"
SF .02 25
OF .25 2.25
FF .09 .35
LF .36 W24
SQ .08 .13
FQ .13 .25
2.08 1.13
2z W45 .31
FW .01 .02
F 9.19 10.17
Ps 4,57 6.71
FC .05 .06
sc 3.13 2.25

Chi-square (for table) = 44.53

Theoretical value (.001 level, 12 degrees of freedom) = 26.22
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Table 24, Observed and expected responses of female Skiffia lermae
to male courtship. Female behavior is scored as either
"headwag behavior" or "other behavior" (including "no
response”). The expected values are given in parentheses
next to the observed values. Data from Table 12.

MALE FEMALE
BEHAVICR BEHAVIOR
Headwag "Other" Total Frequency
SF 2(4) 37(35) 39 .107
OF 0(0) 2(2) 2 .005.
FF 4(2) 17(19) 21 .057
LF 1(2) 25(23) 26 .071
SQ 0(2) 16(14) 16 «044
0Q 2(1) 10(11) 12 .033
FQ 4(4) 35(35) 39 .107
o 2(2) 17(17) 19 .052
2z 4(3) 21(22) 25 .068
FW 1(1) 14(13) 15 .041
F 7(9) 82(80) 89 0243
PS 9(2) 12(19) 21 .057
FC 0(1) 9(8) 9 .025
sc 1(1) 10(10) 11 .030
CH 0(2) 22(20) 22 .060
Total 37 329 366
Frequency .101 .899
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Table 25. Test of independence of male and female behavior in
Skiffia lermae. Data from Table 24. Numbers in table
are chi-square values,

‘(observed - expected - 0.5)2

Chi-square = expected
MALE FEMALE
BEHAVIOR- BEHAVIOR

Headwag "Other" .
SF 1.56 .06
OF .13
FF 1.13 .33
LF 1.13 .10
SQ 3.13 .16
0oQ 25 .20
FQ .06 .01
1Q .13 .01
2z .08 .10
FW .25 .02
F .69 .03
PS 21.13 2.96
FC 2.25 .03
sC .25 .03
CH 3.13 W11

Chi-square (for table) = 39.45

Theoretical value (.00l level, 14 degrees of freedom) = 29.14
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Table 26. Observed and expected responses of female Chapalichthys
pardalis to male courtship. Female behavior is scored as
either "headwag behavior" or "other behavior" (including
'"no response"). The expected values are given in
parentheses next to the observed values. Data from

Table 14.
MALE FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other" Total Frequency
SF 0(0) 43(43) 43 2126 -
FF 0(0) 26(26) 26 .076
LF 0(0) 10(9) 10 .029
sQ 0(0) 24(24) 24 .070
0Q 0(0) 4(4) 4 .012
FQ 0(0) 13(13) 13 .038
L 0(0) 5(5) 5 .015
2z 0(0) (1) 1 .003
FwW 0(0) 7(7) 7 .020
CA 0(0) 11(11) 11 .032
F 1(1) 142(142) 143 2418
PS 1(0) 50(51) 51 2149
FC 0(0) 2(2) 2 .006
sc 0(0) 2(2) 2 .006
Total 2 340 342
Frequency .006 .994
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Table 27. Test of independence of male and female behavior in
Chapalichthys pardalis. Data from Table 26. Numbers
in table are chi-square values. -

» 2
Chi~square = (observed - expected 0.5_)

expected
MALE FEMALE
BEHAVIOR' BEHAVIOR
Headwag "Other"

SF — .01
FF — .01
LF — .03
SQ — .01
0Q —_— .06
FQ —_— .02
1Q _— .05
2Z — +25
FW .03
cA .02

F .25 0

PS .04
FC — .13
sc .13

Chi-square (for table) = 1.04

Theoretical value (.005 level, 13 degrees of freedom) = 22.36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



80

Table 28, Observed and expected responses of female Goodea
atripinnis to male courtship. Female behavior is scored
as either "headwag behavior" or "other behavior" (in-
cluding "no response"). The expected values are given
in parentheses next to the observed values. Data from

Table 15.
MALE FEMALE
BEHAVIOR BEHAVIOR
Headwag ""Other" Total Frequency
SF 9(7) 6(8) 15 2115
OF () 0(1) 1 .008
FF 5(4) 4(5) 9 .069 °
LF 1(1) 0(1) 1 .008
sQ 5(7) 9(7) 14 .107
0Q 0(1) (1) 1 .008
FQ 0(1) 2(1) 2 .015
L 1(1) (1) 2 .015
FW 8(10) 12(10) 20 .153
cA 0(1) 2(1) 2 .015
F 13(16) 21(18) 34 +259
PS 15(9) 3(9) 18 2137
FC (1) 2(2) 3 .023
DT 4(4) 5(5) 9 .069
Total 63 68 131
Frequency 481 519
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Table 29. Test of independence of male and female behavior in
Goodea atripinnis. Data from Table 28. Numbers in

table are chi-square values, -

I 2
. _ (observed - expected - 0.5)
Chi-square = expected
MALE . FEMALE
BEHAVIOR BEHAVIOR
Headwag "Other" N

SF .32 .78

OF .25 2.25

FF .06 «45

LF .25 2.25

SQ .89 32

0Q 2.25 .25

FQ 2.25 .25

1Q .25 .25

FW .63 .23

CA 2.25 .25

F .77 .35

PS 3.36 4.69

FC .25 .13

DT .06 .05

Chi-square (for table) = 26.34
Theoretical value (.001 level, 13 degrees of freedom) = 27.69

Theoretical value (.005 level, 13 degrees of freedom) = 22.36

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



82

Skiffia lermae responded primarily to parallel swim behavior (Table

25). Females of Ameca splendens and Goodea atripinnis appeared to
respond slightly to several male behaviors (Tables 19, 29). If
female response to male behaviors is not consistent for a given
species, as suggested by the data for Ilyodon furcidens furcidens,
sequence data can offer little taxonomic information about this
family.

Summary.—The sequences -and frequencies of courting behavior appear
unsuited for taxonomic inference in this family. The sequence
matrices for individual pairs vary with each period of nbsérvation.
Laboratory-derived data are based on artificially restricting
behavioral interactions to one pair, a situation rarely encountered
in the field. Field-derived sequence data are difficult to intérpret
because of populational differences in sexual responsiveness.

Chi square tests indicate that female behavior is dependent
on male behavior in most populations, but in others, female behavior
appears independent of male courtship. Females from one species may
respond to different male behaviors. For these reasons, sequence

data appear to provide little taxonomic information for the Goodeidae.

Function of Goodeid Courtship Behavior

As most goodeids share the same courting behaviors, they
probably do not serve as mechanisms for species identification,
species isolation or selection of conspecific mates. Yet in April,
1978, field observations on 18 species of goodeids revealed that
males only courted conspecific females and only displayed aggressive-
1ly at conspecific males, even at localities containing five or
more goodeid species. As several goodeid species were courting at
each of these localities, temporal separation of breeding seasons
cannot totally explain these observations. At the Rio Terrero, two
sympatric species of the genus Ilyodon courted and aggressed only
conspecifics although they mingled freely at this time of year. If
courtship behaviors are not used in species identification, they may
be important in the choice of an "appropriate" mate, one that is

physiologically ready. This possibility is explored in this section.
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Reproductive biology.—All goodeids are viviparous. .Females do not
store sperm and do not have superfetation (Fitzsimons, pers. comm.;
Mendoza, 1962). Isolated pregnant females in the laboratory produce
at most one brood. The laboratory gestation time varies f;om about
30 to 90 days and may be influenced by light, temperature and the
nutritional state of the female. Records on individual females re-
veal that they may produce sequential broods at 2-month or greater
intervals (Table 30). Observations in the laboratory and in the
field demonstrate that not all females in a population are pregnant
or in the same phase of pregnancy at the same time, implying that
not all females produce mature eggs synchronously. Less is known
about sperm production. Females confined with one male can produce
broods within a week of each other. These studies indicate that one
male is capable of inseminating several females within a week period,
assuming that females raised in the same aquarium under the same
conditions have about the same gestation period.

Female's contribution to offspring.——The female invests heavily in
the production of a brood. Although relatively few eggs are pro-

duced, they are retained within the female's body and nourished
there for periods exceeding a month. The female may actually lose
weight during this time (Table 30). Mature eggs must have a limited
fertilization time before becoming inviable. Turner (1933) found
that after reaching their maximum size, the oocytes immediately
degenerate unless they undergo maturation and fertilization. To
produce a brood, a female must obtain a mate within this time period.
Failure to fertilize the present batch of eggs will reduce the num-
ber of young she can produce and may mean she will produce no young
this season. Alloophorus robustus and Goodea luitpoldi females, for
example, are believed to produce only one brood a year in nature

(Mendoza, 1962). Also, a female may not survive to produce another
batch of eggs. The headwag behavior, indicating sexual receptivity
in the female and performed only in the presence of a male, may
increase the probability that the male will court, and thus increase
the probability that the eggs will be fertilized. Headwagging is a
visual advertisement and may also be transmitted through pressure
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Table 30. Brood records of individual females.

Date parents born

Date first brood born
Number in brood
Weight of female

Date second brood born
Number in brood
Weight of female

Date third brood born
Number in brood
Weight of female

Date fourth brood born
Number in brood
Weight of female

Date fifth brood born
Number in brood
Weight of female

Date sixth brood born
Number in brood
Weight of female

Date seventh brood born
Number in brood
Weight of female

“Female lost weight.

SPECIES
Xenotaenia Goodea
resolanae atripinnis
"1V:i9:76 V:6:76
IX:6:76 IX:4:76
5 8
1.02 g 1.16 g
XI:3:76 X1:15:76
7 8
2,27 g 1.33 g
1331377 1:12:77
1 10
2.73 g 1.50 g
1I1:16:77 I11:10:77
22 8
2.56 g* 1.10 g*
Vi5:77 ? died IV:18
18
3.00 g
VII:15:77
9
4,08 g
X:20:77
14
3.34 g*

Females weighed after broods born.

Skiffia Skiffia
multipunctata multipunctata
VIs10:76 VI:10:76
IX311:76 IX:10:76
10 11
1.15 g 0.90 g
XI:1:76 'X:27:76
2 7
1.07 g* 1.2 g
XI1:17376 XII1:17:76
14 12
1.50 g 1.20 g
11:8:77 11:6:77
5 11
1.35 g* 1.60 g
(Brood eaten ?)

XI1321:77

. 16 '
2.90 g

(Returned to stock)

78
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waves that are received through the well developed head pore and
canal systems. In the field and laboratory, males generally respond
quickly to headwagging, usually by swimming toward the female and
displaying. Many males are attracted to headwagging females, and

a female could choose among many potential mates. In Skiffia lermae
females did appear to choose their mates. Females were seen fleeing
packs of two to ten males., If all but one male ended the chase, the
female stopped and headwagged to the one remaining male. Was she
selecting the most vigorous male? As copulation is rarely.observed
in field or laboratory, this hypothesis is difficult to test. But
it is unlikely that males could succeed in inseminating females
without the cooperation of the females. Unlike poeciliids, the anal
fin of goodeids is not a gonopodium (Miller and Fitzsimons, 1971)
and is not inserted into the female's genital opening. Cases of
fleeing females that were interpreted as rejection behavior
(Fitzsimons, 1970) need to be re-examined more critically.

Male's contribution to offspring.——Males compete aggressively for
females. They contribute less energy than females to the production
of gametes. They do not nourish or protect the young. Trivers
(1972) predicted that "where one sex invests considerably more than
the other, members of the latter will compete among themselves to
mate with members of the former." Goodeids support this prediction.
In the field, females were never seen fighting, but conspecific
males of the same size tailbeat, circle and bite. During the pro-
longed aggressive displays of the males, the female often escapes.
But as it is impossible to copulate successfully in the presence of
interfering rival males, the male must try to chase away his com-
petitors. Larger males have an advantage. They simply displace
smaller males and do not lose the female. Displacement occurs when
the larger male orients or swims toward the smaller male. The smaller
male stops pursuing the female, folds his fins and flees. Aggressive
males are also the most brightly colored, suggesting that the male's
colors may serve as a warning to keep other males away. ‘Noble
(1938) concluded the same for some poeciliids. It is not known if

goodeid females prefer brightly colored males. In the laboratory,
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the most aggressive and therefore the most colorful males monopolize
the females, but pale males also court females and copulate. A

male placed only with females often remains pale even when courting.
It is not known if pale males achieve copulation in the field. 1In
pupfish (Kodric-Brown, 1977) and the cyprinodont Nothobranchius
guentheri (Haas, 1976), females prefer brightly colored males.

Mate selection.—Often males spontaneously cease following a female,
even after a long sequence of displays. Perhaps the female is aban-
doned because she does not respond appropriately. None of the 19
species observed defended territories so the abandonment of the fe-
male is not a result of the male exceeding his territorial boundaries.
Frequently a male switched to courting a second female that crossed
his path while courting the first female. Perhaps he follows the
nearest female because she appears the largest. As larger females
have larger broods, the male maximizes his fitness by copulating with
the largest available female. Large size also implies faster growth
or greater age, suggesting that the genotype is particularly fit.
Males may follow the nearest female for another reason. Receptive
females slow down or stop when courted by males. The male may inter-
pret a female crossing his path as having slowed down, since he has
suddenly approached her closely without altering his speed. Recep-
tive poeciliid females also halt swimming (Clark and Aronson, 1951;
Wickler, 1957).

Females also choose from among available males. They do not
copulate with every male that courts them. Females sometimes reject
males smaller than themselves. In the field, most responses are to
males their own size. Some female pupfish tend to mate with males
their own size, and Kodric-Brown (1977) has suggested that disparate
sizes of partners may interfere with successful mating.
Facilitation.—Some goodeid species show peaks of courting activity
at certain times of the day that may be related to environmental
factors, especially photoperiod and temperature. The presence of
some courting males in a population may act as a stimulus to initiate
courtship in other males. If selection acts on the individual, as
Williams (1966) argues, it would be advantageous for males to be
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physiologically ready to copulate as soon as a headwagging female

is sighted, especially if not all females are receptive at the same
time. These males would inseminate more females. Field observa-
tions indicated that not all females are in phase reproductively.

It seems unlikely from Turner's (1933) study that male behavior

can facilitate maturation of the eggs. However, females with mature
eggs may copulate more quickly in the presence of many courting
males than if accompanied by only one. Also, multiple inseminations
may result in more of the eggs being fertilized. It is not known

if a female's brood can be sired by more than one male.

Courting of pregnant females.——Several observations appear difficult
to explain. In the laboratory and field, pregnant females are
occasionally courted by adult males. Males do not appear to inter-
pret the swollen abdomen of a female as "pregnant female". They
may court pregnant females even though females do not store sperm.
This waste of time and energy by the male should be eliminated by
natural selection. Yet in the field, pregnant females of
Chapalichthys pardalis were courted. Virtually all the females in
this population were pregnant. Males may prefer headwagging fe-
males, but if not available, they appear to court any female.
Headwagging females in the absence of courting males.—Sometimes
females may have mature eggs but be unable to find a responsive male.

At one locality, females of Goodea atripinnis headwagged but few if

any courting males were present. These females were not attacked
by the males, so headwagging appeared to be an indicator of sexual
readiness. Possibly females initiate the breeding season by head-
wagging. Once a male encounters some responsive females, he may
begin displaying. If the number of headwagging females encountered
in a given period of time falls below a certain threshold, the male
may continue to display for a time, especially if a receptive female
is occasionally found by this means. In field and laboratory, in

a few cases females did not headwag prior to the male's courtship
but headwagged after it. Eventually the absence of headwagging

females would end male courtship. Alternately, females may mature
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eggs before males begin sperm production. Mendoza (1962) demon-
strated that this explanation is unlikely. In the field, courtship
was directed only at conspecific females. But in the laboratory,
inexperienced juvenile males court even large adult males. Apparent-—
1y recognition of sex and the association of headwag behavior with
females are learned.

Headwagging in pregnant females.—At times, pregnant females headwag.
Headwagging must serve a different function in these cases. In the
laboratory, pregnant females of Alloophorus robustus headwagged after
a male began courting another headwagging female in the same aquar-
ium, Perhaps the pregnant female was interfering with the other
female's chance of producing a brood. Females may compete for males.
But field observations do not support this hypothesis. Equal num=-
bers of males and females occur in most populations and there is no
sequestering of males. Where goodeids occur, they are so numerous
that it would be impossible for a female to sequester a male for
very long, certainly not the time it takes to have a brood and mature
another batch of eggs. A second hypothesis seems more likely. The
female may be using receptive behavior to ward off aggression by the
male. Males often charge, bite or kill other fish in the aquarium
when courting a female. If no other fish is available, the female

is sometimes alternately courted and chased, especially if she does

not head « If head ing is used in this fashion, it may be
used by females that are not obviously pregnant, but for these fe-
males, there is no way to know if headwagging is used to indicate
receptivity or to avert aggression. Small, subordinate males might
also avert aggression by headwagging, but this behavior was not seen.
Field observations indicate that subordinate males largely avoid
larger males or are displaced by them with little harm to the sub-
ordinates. In the laboratory, large males do harrass and kill
smaller ones, especially in small aquaria.

Summary.—Males may maximize their fitness by being large, courting
headwagging females, and selecting the largest available females.

Small males court any female but are usually displaced by larger

4
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males and probably copulate rarely. Males of the same size stop
following the female and display aggressively until one male leaves.
Aggressive displays may last many minutes, indicating strong com-
petition among males. As all females are not receptive at the
same time, a male that aggressively excludes others from receptive
females should achieve more copulations. Observations in stock
aquaria suggest that the larger, brightly colored aggressive males
do attempt copulation more than the smaller, paler subordinate
males. Copulations seen in the laboratory and field involve only
one pair of fish, suggesting that the male cannot copulate success=-
fully in the presence of rival males.

Females do not store sperm and must be inSeminated for
each brood. Headwagging females generally attract many males and
they may choose their mates. They do not copulate with every male
that courts them., Females tend to mate with males their own size.
Pregnant females that headwag may be avoiding male aggression.
Goodeid courting behavior may also facilitate mating.
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CUES USED IN MATE SELECTION

In this section, experiments were done to test if auditory,
chemical, tactile and/or visual cues are used by goodeids in species

identification and the selection of conspecific mates.

Test for Auditory Cues

Sound production during courtship has been demonstrated in
several fish families (Gerald, 1971; Myrberg, 1965; Nelissen, 1978;
Nelson, 1964; Rowland, 1978; Tavolga, 1956). A simple experiment
was designed to determine if goodeids produce sounds during court-
ship.
Materials and methods.—To test for auditory cues in the Goodeidae,
a pair of Ilyodon furcidens tuxpan was placed in a 5 gal aquarium
to which a hydrophone (no. 41,759 Edmund Scientific Co.) had been

attached. The hydrophone has a frequency response of 10-6000 Hz +
4 db with + 1 db in 10-2000 Hz range. The aquarium contained no
gravel, plants or other objects.

Results.—The pair was introduced to the experimental aquarium
simultaneously. Recording began with the release of the pair and
was continued for 30 minutes. The pair began courting immediately
and both fish were responsive. The displays became progressively
more vigorous resulting in several copulation attempts by the male.
Before and during courtship, no sounds were made by either fish.
Discussion.—It is unlikely that the fish emitted sounds outside the
frequency response range of the hydrophone. When used within one
meter of the sound source, the hydrophone largely covers th. range
of frequencies known to be produced by fishes (Demski et al., 1973;
Fish and Mowbray, 1970). It is possible that the intensity of the
sounds emitted is not great enough to be heard above background

noise. Also, these fish may produce sounds facultatively during

90
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courtship. But this possibility appears remote. Results on Ilyodon
may not be representative for all goodeid species.

Test for Chemical Cues

Although fishes use chemical cues in many different ways,
pheromones leading to copulation have only been demonstrated in a
few species (Bardach and Todd, 1970; MacGinitie, 1939; Parzefall,
1973; Tavolga, 1950). This series of experiments studies the res—
ponses of male goodeids to possible chemical cues released by fe-
males. Skiffia francesae was chosen as courting males often nuzzle
the female's genital opening.

Materials and methods.—Four males of the same size were used. Two
each were placed in separate 5-gal aquaria. The number of male-
male interactions was recorded for each pair for 5 minutes before
the experiments began. The interactions counted were biting and
aggressiveb displays involving sigmoid posture and erected fins.
Nuzzling, a courtship behavior, was also recorded but was rare.
Aggressive interactions were tabulated separately from courting
interactions. The first test, the control, consisted of adding a
pint of dechlorinated tap water to the test aquaria. The water was
slowly poured into one end of the aquarium. All aggressive inter-—
actions were counted for 5 minutes. Then a pint of "virgin female
water", "parturition water", "pregnant female water", or "female
water" was added to each aquarium and the number of interactions
recorded. "Virgin female water" is water taken from an aquarium
containing one female who has had a brood and has not had access to
males after the birth of that brood. Female goodeids do not store
sperm, so these females are considered "virgins". "Parturition
water" is taken from an aquarium containing one female that has
given birth to a brood within 24 hours prior to the start of the
trial. "Pregnant female water" is taken from an aquarium containing
a female that was near the end of her pregnancy as judged by her
greatly distended abdomen. "Female water" is taken from-an aquarium
containing a female that is either not pregnant or in the early

stages of pregnancy. For 5 minutes after the addition of a pint of
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water, the number of male-male interactions was recorded. The
males were allowed a one minute period to recover from being dis-
turted by the additions, then recording began. Water in the aquaria
containing the males was not changed between additions made on the
same day, as cleaning upsets the males and they remain unresponsive
on the bottom. In all, two pairs of males were tested for a total
of 21 trials. Several days elapsed between trials so that the
fishes would not acclimate to the experimental conditions. The
order of presentation o-f the types of "female water" were changed
in each trial. The data were analyzed separately for each-pair of
males by a nonparametric sign test (Conover, 1971).

Results.,—The responses of the males to "pregnant female»wz{ter",
"parturition water" and "female water" were compared to each of
two controls, tap water and "no addition". None of these pairwise
comparisons were significant at the 0.01 level, but the sample
sizes were small. The results suggest that the responses of males
are independent of the additions. In Table 31, trials 13, 15, 16,
17 and 18 suggest no change in behavior or a sequential escalation
or de-escalation of aggressive interactions over time. Once initia-
ted, aggressive displays tend to escalate to a peak then drop off
as one male establishes dominance over the other. In three trials,
10, 14 and 18, one male nuzzled the other several times. The sex
of a conspecific may be determined by its behavior and color, and
a pale male that does not display aggressively may be treated
initially as a female. Nuzzling is reproductive behavior and is
not included in Table 31. Chemical cues may be released by females
in certain phases of pregnancy, but taken alone they did not appear
to produce predictable responses in S. francesae males.
Discussion.=Parzefall (1973) found that males of Poecilia sphenops
require direct nipping contact with a female before she is recog=-
nized as attractive. Females that had just borne a brood were
attractive to males and preferentially courted. If such a female
was removed and immediately presented again behind a pane of glass
or in a form-fitting nylon bag, she was no longer .recognized as

attractive., Parzefall suggests that males must taste a substance
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Table 31. Responses of male Skiffia francesae to the addition of water from aquaria containing females
in different phases of the reproductive cycle. See text for explanation. Several days
elapsed between trials.

Number of aggressive interactions in 5 minutes with:

c) preg- d) partu- e) fe-

‘uorssiwied Jnoyym panqgiyosd uolonpoldal Jeyund “Jaumo JybLAdoo ayy Jo uoissiwiad yim psonpoidey

Trial order of males a) no b) tap £) virgin
treatments used addition water nant 2 rition male
1 a,b,c,d 1,2 0 3 17 0
2 a,b,d,c 3,4 0 3 5 0
3 a,b,e,d 1,2 0 0 1 0
4 a,b,d,e 3,4 1 3 0 1
5 a,b,c,e 1,2 6 2 7 2
6 a,b,c 3,4 0 2 1
7 a,b,e,c,d 1,2 0 0 1 2 0
8 a,b,c 3,4 1 7 14
9 a,b,e,c 1,2 14 15 8 8
10 a,b,c 1,2 10 11 9
11 a,b,e,c 3,4 2 4 1 4
12 a,b,c 1,2 7 7 7
13 a,b,c 3,4 3 10 17
14 a,b,c 1,2 4 6 7
15 a,b,f,c 3,4 13 13 20 13
16 a,b,c 1,2 15 12 13
17 a,b,c 1,2 20 20 3
18 a,b,c 3,4 37 15 9
19 a,b,d,c 1,2 37 14 19 8
20 a,c 3,4 10 11 !
21 a,b,c 1,2 20 4 16
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produced by the females and that olfactory cues are not involved.
In contrast to Parzefall's results, Betty Lou Brett (in prep.)
found that in Poecilia _ctliﬁ,_ direct contact is not necessary.
Males respond preferentially to "parturition water" that is added

to their aquarium. Skiffia francesae clearly does not respond like

P. chica, but may be similar to P. sphenops. Olfactory cues are
probably not involved, but taste may be used to find females with
mature eggs. Possibly the nuzzling behavior is necessary to
stimulate females to cooperate during copulation. Only one other
goodeid species, Skiffia multipunctata, nuzzles females. 'i‘asce cues
are probably not used to find mates by other members of this family.

Test for Visual and Tactile Cues

Field and laboratory observations suggest that goodeids
recognize conspecifics by largely visual means. A simple test was
designed to determine if visual and tactile cues are important in
species recognition and mate selection.

Materials and methods.—Allodontichthys tamazulae was chosen as the
experimental animal. It occurs sympatrically with three other
goodeid species. In the first series of trials, a male was given a
choice between a conspecific female and a female of the sympatric sub-
species Ilyodon xantusi latos. All three fishes were the same size
(within 0-5 mm). Superficially female Ilyodon resemble female
Allodontichthys in being slender, elongate fish with a lateral
stripe. At least one day before the trial began, each female was
Placed in a 1 gal glass jar and the two jars placed inside and at
opposite ends of a 20 gal aquarium. The aquarium had no gravel,
plants or other objects in it. The water in the jars and the aquar-
ium did not mix. This arrangement prevented any chemical or tactile
cues from being transferred between the male and females. The male
was then introduced to the center of the 20 gal aquarium between

the two females. Recording began immediately upon release of the
male. The behavior of all fishes and the amount of time spent by
the male on each side of the aquarium are summarized in Table 32.

Each trial was separated by two to four days to allow the fishes
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Table 32, Visual choice experiments. Allodontichthys tamazulae is given a choice between a conspecific
and a heterospecific partner.

test time with time with hetero- total comments on behavior
fish conspecific specific time
3 i 23 min 20 sec 6 min 40 sec 30 min 3 spent 18 of first 20 min with conspecific

2. Both display aggressively., & does not
aggress female Ilyodon. In next 10 min &
swims randomly and no longer displays.

3 i1 15 min 51 sec 4 min 9 sec 20 min 3 spent 9 min 56 sec of.first 10 min display-
ing aggressively at conspecific 2. ¢ return-
ed the displays. The next 10 min the & swims
randomly.

3 #2 21 min 20 sec 3 min 40 sec 25 min 3 spent most of first 10 min with conspecific
2. Both display aggressively, The last 15
min the & courted the 2, the 2 no longer dis-
plays aggressively.

3 #2 23 min 15 sec 1 min 45 sec 25 min 3 displays aggressively to conspecific ¢ in
first 10 min, courts £ in next 15 min.
2 20 min 20 sec 4 min 40 sec 25 min ? displays aggressively to conspecific &, &

does not display. Ilyodon & tries to bite ¢
through glass.

21 10 min 10 sec 4 min 50 sec 15 min ? does not display. Ilyodon & tries to bite
? through glass.,
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to recover. The male was tested twice, then the experiment repeated
two more times with a second conspecific male. Finally a female

A. tamazulae was given a choice of a conspecific male or a male of
Ilyodon xantusi latos. All specimens of A. tamazulae were labora-
tory-reared and had no prior experience with other goodeids.
Results.—The test fish spent greater than 80% of their time with
the conspecific partner (Table 32). All aggressive displays and
all courting displays were directed only to conspecific fish. The
biting attempts by the Ilyodon male may result from being confined
to a gallon jar. In contrast to the A, tamazulae individuéls, this
male was caught in the field. Ilyodon xantusi latos is the largest

goodeid species where it occurs and may be the most aggressive.

Discussion,—Allodontichthys tamazulae appears to recognize conspe=
cifics largely by visual cues, although chemical or tactile cues

may reinforce visual recognition. The removal of tactile cues, as

in this experiment, did not prevent the fish from distinguishing
between conspecifics and other goodeid species. Sex may be deter-
mined visually, but laboratory observations suggest that the female's
D! to the

T P e or behavior of the male dictates whether
courtship will ensue. A male responds identically to an aggressive
female or male. If the female does not display aggressively in
response to initial aggressive displays by the male, he often ceases
the aggressive displays and begins courting the female. When a pair
is placed together or a partition between them removed, often a
brief aggressive bout occurs which is then followed by courtship.

The experiments in the laboratory were performed in clear
water. When the water is turbid, as it now is in many goodeid
habitats, tactile, chemical and auditory cues may be more important
than visual cues in species identification. Where only one goodeid
occurs in a habitat, turbidity may not interfere with reproduction.
Where several goodeid species coexist, mistakes in identification
would seem possible. Most sympatric species of goodeids represent
different genera and differ greatly in morphology. Differences in
body form alone might permit species identification by tactile

means, If mistakes in species identification are made in turbid
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habitats, physiological barriers may prevent successful hybridiza-
tion. Despite many forced mating experiments by Fitzsimons (1974,
pers. comm.) and the author, hybrid offspring were obtained only
from congeneric crosses. There are few turbid habitats containing
congeneric species, It is also possible that goodeids may be able
to identify conspecifics visually even in turbid water.
Summary.—The preliminary data presented here suggest that visual
cues are important in species recognition in at least one goodeid
species, Allodontichthys tamazulae. Tactile and chemical cues were
eliminated, and the fish still responded to conspecifics iﬂ prefer-

ence to other species., Chemical cues do not appear important in
Skiffia francesae, despite observations that males nuzzle females
during courtship. Sound production does not occur during the court-
ship of Ilyodon furcidens tuxpan. Additional tests using more
species are required to determine if these results apply to all
goodeids.
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