
 870 COPEIA, 1980, NO. 4

 SULAK, K. J. 1975. Cleaning behavior in the centrar-
 chid fishes, Lepomis macrochirus and Micropterus sal-
 moides. Anim. Behav. 23:331-334.

 DONALD P. FRENCH, Department of Biology, In-
 diana University, Bloomington, Indiana 47401.
 Accepted 18 Oct. 1979.

 Copeia, 1980(4), pp. 870-874
 ? 1980 by the American Society of
 Ichthyologists and Herpetologists

 POPULATION FLUCTUATIONS OF EV-

 ERGLADES FISHES.-Fluctuating marsh eco-
 systems are found throughout the tropics and
 subtropics, but their fish populations are little
 understood (Beadle, 1974; Lowe-McConnell,
 1975). In such marshes seasonal variation in
 rainfall and discharge cause considerable vari-
 ation in the depth and extent of water cover,
 and many of these marshes become dry each
 year. The subtropical Everglades of southern
 Florida have marked wet and dry seasons, and
 thus, physical and biological constraints on fish
 populations that are similar to more tropical
 systems. The seasonal water level cycle appears
 to be the dominating influence on the fish com-
 munity of the Everglades (Kushlan, 1976a).
 During the usual dry season, South Florida
 marsh fishes become densely concentrated in
 ponds (Kushlan, 1974a, 1976b), but little is
 known about population fluctuations of the
 fishes during the rest of the year outside of
 ponds. A question basic to understanding sea-
 sonal tropical marshes is how water level fluc-
 tuations affect individual fish species. In this
 paper I describe the effect of water level
 changes on population levels of fishes in the
 marshes of the Everglades on both a seasonal
 and long-term basis.

 Study area.-The study was conducted in the
 southern Everglades, a shallow marsh 0.5 to 1 m
 deep in the wet season. During the typical dry
 season the marsh dries and water becomes con-

 fined to ponds. Sawgrass marsh, composed pri-
 marily of Cladium jamaicense, is the most char-
 acteristic plant community (Loveless, 1959).
 Interspersed are slightly deeper mixed species
 marshes composed of Eleocharis cellulosa, Pani-
 cum hemitomon, Rhynchospora tracyi and Pontedar-
 ia latifolia.

 Methods.-The study was conducted from June
 1966 through May 1972. Ten permanently po-

 sitioned pull-up traps were located in sawgrass
 and mixed-species marsh communities. The
 traps were sheets of 3 mm mesh nylon netting,
 about 1.5 m x 3 m, supported by galvanized
 pipe. The trap and trapping procedures are
 described in detail elsewhere (Higer and Koli-
 pinski, 1967; Kushlan, 1974b). The netting and
 pipe were pulled quickly to the surface, entrap-
 ping the fish in the water column above. The
 traps produced comparable results per unit ef-
 fort that reflected changes in the fish popula-
 tions they trapped. Sampling was conducted on
 two successive nights, generally once each
 month throughout the study. Fish were re-
 moved from the traps and placed in 10% for-
 malin. They were later identified, counted and
 all fish of a given species were weighed togeth-
 er. The average number of fish per trap per
 month and average weight of individual fish
 per month were calculated. Water levels were
 measured continuously 4 km from the trap site.

 Results.-The typical yearly pattern of water
 level fluctuation begins with a rapid increase in
 water depth at the beginning of the rainy sea-
 son in June. When water levels rise, higher
 areas of marsh become inundated progressive-
 ly. Water levels peak typically in fall and begin
 decreasing in winter (November) as the dry sea-
 son begins. Water levels fall at an increasing
 rate through the spring (March-May) as con-
 tinued low rainfall and high evapotranspiration
 cause additional loss of surface water. During
 May, marshes usually dry and remaining water
 is usually confined to ponds. In this paper a
 hydrologic year runs from June, the beginning
 of the rainy season, through May.

 Typical seasonal cycles occurred during 4 of
 6 hydrologic years during the study (66-67, 67-
 68, 70-71, 71-72). Two consecutive years of the
 study (68-69, 69-70) had high water conditions
 during the usual dry season. In those years high
 rainfall and discharge maintained water levels.
 Although water fell moderately in spring of
 each year, it did not reach ground level in the
 marshes at the study site. As a result the typical
 yearly drying did not occur those years. The
 water cycle returned to normal in 1970-71.

 Twenty-two of the 96 fish species native to
 south Florida (Kushlan and Lodge, 1974) are
 found in Everglades marshes. Nineteen of
 these were sampled by the traps during the
 study (Table 1) including two, Lepomis punctatus
 and L. marginatus, that were often represented
 by small individuals and were combined for
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 TABLE 1. FISHES CAUGHT IN THE SOUTHERN EVERGLADES 1966-72, EXPRESSED AS THE PERCENTAGE OF MONTHS
 EACH SPECIES WAS CAUGHT DURING THE HYDROLOGIC YEAR.

 Year

 Species (abbreviation) 66-67 67-68 68-69 69-70 70-71 71-72

 Gambusia affinis (G. a.) 100 100 100 100 100 100
 Poecilia latipinna (P. 1.) 100 100 33 100 40 100
 Cyprinodon variegatus (C. v.) 100 100 88 14 20 100
 Fundulus confluentus (F. cf.) 83 92 75 86 40 80
 Heterandriaformosa (H. f.) 67 85 12 57 60 80
 Lucania goodei (L. g.) 50 69 37 100 100 20
 Lepomis spp.1 (L.) 100 77 100 86 100 60
 Jordanella floridae (J. f.) 100 100 100 71 0 80
 Labidesthes sicculus (L. s.) 83 46 87 86 100 60
 Fundulus chrysotus (F. ch.) 17 23 0 0 0 60
 Adinia xenica (A. x.) 42 31 13 0 0 0
 Fundulus seminolis (F. s.) 8 8 12 29 60 0
 Notropis petersoni (N. p.) 8 0 25 0 60 100
 Notropis maculatus (N. m.) 0 0 25 14 0 0
 Notemigonus crysoleucas (N. c.) 0 0 13 0 40 0
 Ictalurus natalis (I. n.) 0 0 0 28 40 0
 Micropterus salmoides (M. s.) 0 0 0 43 60 0
 Erymizon sucetta (E. s.) 0 0 0 29 20 20

 I Includes Lepomis punctatus and L. marginatus.

 analysis. Species not trapped in the study but
 occurring in the marshes included Elassoma ev-
 ergladei and, less frequently, Lepisosteus platyr-
 hincus and Amia calva, the latter two being pri-
 marily deep water species.
 Gambusia affinis was found every month sam-

 pled (Table 1). Poecilia latipinna, Cyprinodon var-
 iegatus, Fundulus confluentus, Heterandriaformosa,
 Lucania goodei, Lepomis spp. and Labidesthes sic-
 culus were also found each year. These, togeth-
 er with Jordanella floridae and Fundulus chryso-
 tus, can be considered to be the fundamental
 elements of the Everglades marsh fish fauna
 (Table 1).

 As a result of varying abundances over the
 study period, not all species were caught each
 year (Fig. 1). The number of species caught was
 highest in the middle of the study and de-
 creased thereafter from 15 to 12. During this
 period, Jordanellafloridae and Fundulus chrysotus
 were lost and Notemigonus crysoleucas, Micropte-
 rus salmoides, Ictalurus natalis and Erymizon su-
 cetta appeared in the samples (Table 1). During
 the middle part of the study the average num-
 ber of species caught each month declined (Fig.
 1), despite the increase in total number of
 species caught during the year. Thus some
 species tended to be sampled only intermit-
 tently.

 The usual annual pattern of population fluc-
 tuation of the common Everglades fishes can be
 illustrated by the fluctuations observed in a sin-
 gle hydrologic year having typical water con-
 ditions, such as 1966-67. The generalized pat-
 tern is exhibited by combining data for all
 species (Fig. 2). Populations were relatively
 small at the beginning of the wet season (June),
 because of dry season mortality, and increased
 to a peak at the beginning of the drying period
 in December-January. A second peak occurred
 during the dry season in April as fish were be-
 coming concentrated in relatively deep areas of
 marsh such as the trap sites. Fluctuations of G.
 affinis, P. latipinna and F. confluentus were sim-
 ilar to this generalized pattern. C. variegatus
 population was highest in winter and remained
 stable in the dry season. H. formosa showed a
 second peak in April but declined in May. The
 density of Lepomis spp. was highest in summer.
 J.floridae had fall, winter and dry season peaks,
 the last being the strongest. Yearly fluctuations
 of other species are more difficult to interpret
 because of small numbers captured per month.

 Considerable population fluctuations oc-
 curred over the term of the study (Fig. 3). In
 general, populations were high during the early
 and late parts of the study but declined during
 1969 to 1971. During this same period the av-
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 Fig. 1. Changes in the numbers of species trapped
 per year and the average number of species trapped
 per month each year.

 erage weight of fish caught increased (Fig. 3).
 These population changes can be correlated
 with hydrologic conditions: populations de-
 clined and sizes increased during and imme-
 diately after the period of extended high water
 levels.

 The change in water conditions affected var-
 ious species differently (Fig. 4). Populations of
 G. affinis, P. latipinna, C. variegatus, F. confluen-
 tus, H. formosa, J. floridae, F. chrysotus and A.
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 Fig. 2. Monthly fluctuations in the number fish
 per trap for all fish combined and for 7 common
 species of fishes in the Everglades in 1966-67. Ab-
 breviations refer to species listed in Table 1.
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 Fig. 3. Fluctuation in the number of fish per trap
 and the mean weight of individual fish caught in the
 Everglades, 1966-67 to 1971-72. Hydrologic years
 shown begin in June and end the following May.

 xenica decreased during the extended wet pe-
 riod ending in 1969-70. Populations remained
 depressed during 1970-71 and returned to
 normal levels after the dry year of 1970-71.
 Populations of L. goodei, Lepomis, L. sicculus, F.
 seminolis, N. maculatus, N. crysoleucas, I. natalis,
 M. salmoides and E. sucetta increased during the
 period without dry seasons. N. petersoni in-
 creased its population level in the year follow-
 ing the end of the wet period.

 Discussion.-Water fluctuation is a principal fac-
 tor affecting fish populations in Everglades
 marshes, both seasonally and annually. Season-
 ally, populations in the marsh were high after
 the dry season in winter and when water levels
 declined in the spring (Fig. 2). The highest den-
 sities occur in the marsh when water depths
 decline to about 0.3 m (Kushlan, Ogden and
 Higer, 1975). Even higher densities are found
 in ponds and pools (Kushlan, 1976b). This pat-
 tern is similar to other tropical and subtropical
 marshes (Zaret and Rand, 1971; Matthes, 1964;
 Mago, 1970; Lowe-McConnel, 1964, 1975).
 When water levels increase and the marshes

 reflood, fishes move out of dry season refugia,
 often to spawn (Lowe-McConnel, 1964; Mago,
 1970). A similar pattern of reproductive strat-
 egies probably occurs in the Everglades. G. af-
 finis, for example, is ovoviviparous and able to
 spawn quickly when water returns, thereby in-
 creasing its population rapidly in the early wet
 season. Species such as F. confluentus have be-
 havioral and physiological adaptations for
 spawning in the dry season and eggs that hatch
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 Fig. 4. Mean number of fish caught per trap each year. Abbreviations refer to species listed in Table 1.

 on reflooding (Harrington, 1959; Kushlan,
 1973). However adaptations such as these are
 not as common in the Everglades as in the trop-
 ics because the basically temperate ichthyo-
 fauna of south Florida has occurred in a sub-

 tropical marsh system for a relatively short
 time.

 Annual differences in fish populations also
 show the effects of hydrologic conditions (Fig.
 3). The decline in density and increase in av-
 erage size of fish in 1969-70 and 70-71 cor-
 responded to a period when the annual dry sea-
 son did not occur. The average weight of
 animals increased about 20 times during that
 period, from approximately 0.5 g/animal to 10
 g/animal (Fig. 3). Most of this was from in-
 creases in the number and size of the larger
 species of fish trapped, particularly I. natalis,
 Lepomis spp. and M. salmoides (Table 1). Both
 I. natalis and M. salmoides were sampled only
 during 1969 and 1970, and the average size of
 Lepomis spp. increased during this period from
 about 4 g/animal in 1966 and 1967 to a peak of
 about 31 g/animal in 1970. Such increases in

 the number and size of larger species represent
 increases in the predator component of the
 aquatic animal community. Coincident de-
 creases in the total number of fish, especially
 small fish, may be due, at least in part, to in-
 creases in the number and size of predatory
 species.

 The Everglades appears to be a dynamic sys-
 tem composed of species differentially adapted
 to fluctuating water conditions. The various
 fishes responded differently to extended high
 water, with some species increasing and others
 decreasing in abundance (Fig. 4). Other com-
 ponents of the Everglades marsh system are
 also affected differentially by extended high
 water. Apple snails (Pomacea paludosa), for ex-
 ample, increase in abundance during periods
 of extended high water (Kushlan, 1975), while
 crayfish (Procambarus alleni) and prawns (Palae-
 monetes paludosus) decrease (Kushlan and Kush-
 lan, 1979, 1980).

 Thus the population levels of the aquatic an-
 imals of the Everglades are determined by the
 recent history of physical conditions and bio-
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 logic interactions. Biological interactions in-
 clude not only competitive and predatory re-
 lationships among fishes and invertebrates but
 also relations with other carnivores (Kushlan,
 1974c, 1976b). These biologic interactions both
 within and outside of the fish community de-
 termine its structure relative to recent water

 conditions. Such complex relationships are
 probably typical of fluctuating-water marsh
 ecosystems in other areas and emphasize the
 need for detailed study of the adaptive strate-
 gies of species occurring in tropical and sub-
 tropical marshes.
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 L. Higer and M. J. Kolipinski of the U.S. Geo-
 logical Survey under contract to the U.S. Na-
 tional Park Service. I thank C. R. Robins for
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 Kushlan for drawing the figures.
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 MIXED SPECIES BROODS IN LAKE MA-

 LAWI CICHLIDS: AN ALTERNATIVE TO

 THE CUCKOO THEORY.-Ribbink (1977)
 described the guarding of mixed species broods
 by certain Lake Malawi cichlids. Three differ-
 ent species, Haplochromis polystigma Regan, H.
 macrostoma Regan and Serranochromis robustus
 Regan, were observed playing the role of foster
 parent, and in each case the foreign fry be-
 longed to the small semipelagic species H. chry-
 sonotus Boulenger. On the basis of these obser-
 vations it was implied that H. chrysonotus
 behaved as an aquatic 'cuckoo,' introducing its
 young into the broods of other species rather
 than guarding them itself.

 Further consideration of the facts in con-

 junction with more recent field observations
 suggest that 'cuckoo' behavior is not the most
 likely explanation for the mixed brood phe-
 nomenon among Lake Malawi cichlids.

 Ribbink noted that female H. chrysonotus with
 eggs or fry in their mouths were common in

This content downloaded from 73.135.45.3 on Wed, 11 Sep 2019 03:37:05 UTC
All use subject to https://about.jstor.org/terms


	Contents
	870
	871
	872
	873
	874

	Issue Table of Contents
	Copeia, Vol. 1980, No. 4 (Dec. 5, 1980), pp. 577-990
	Volume Information [pp. 972-990]
	Front Matter
	Natural Hybrids between Hyla cinerea and Hyla gratiosa: Morphology, Vocalization and Electrophoretic Analysis [pp. 577-584]
	Hybridization and Introgression between Campostoma oligolepis and C. anomalum pullum (Cypriniformes: Cyprinidae) [pp. 584-594]
	Patterns of Allozyme Variation in Ambystoma tigrinum mavortium and A. t. nebulosum [pp. 594-605]
	Genetic Relationships among Selected Species of North American Scaphiopus [pp. 605-610]
	Sexual and Developmental Changes in Swimbladder Size of the Leopard Searobin, Prionotus scitulus (Pisces: Triglidae) [pp. 611-615]
	A New Lizard (Sauria: Teiidae: Kentropyx) from Brasil [pp. 616-620]
	Syllomus aegyptiacus, a Miocene Pseudodont Sea Turtle [pp. 621-625]
	Review of the Deep-Bodied Species of Chromis (Pisces: Pomacentridae) from the Eastern Pacific, with Descriptions of Three New Species [pp. 626-641]
	A New Genus and Species of Congrid Eel from the Indo-West Pacific [pp. 642-648]
	Speciation in the Hamlets (Hypoplectrus: Serranidae): A Continuing Enigma [pp. 649-659]
	Growth and Reproduction in the Protogynous Hermaphrodite Pseudolabrus celidotus (Pisces: Labridae) in New Zealand [pp. 660-675]
	Abnormal Expression of Secondary Sex Characters in a Population of Mosquitofish, Gambusia affinis holbrooki: Evidence for Environmentally-Induced Masculinization [pp. 676-681]
	Parental Care Behavior in the Cichlid Fish Cichlasoma nigrofasciatum [pp. 682-686]
	Aspects of Reproduction of Liparid Fishes from the Continental Slope and Abyssal Plain off Oregon, with Notes on Growth [pp. 687-699]
	Factors Affecting Egg Diameter of White Suckers (Catostomus commersoni) [pp. 699-704]
	Description of Eggs and Larvae of Laboratory Reared Red Snapper (Lutjanus campechanus) [pp. 704-708]
	Nesting Activity of the Loggerhead Turtle (Caretta caretta) in South Carolina I: A Rookery in Transition [pp. 709-719]
	The Consequences of Within-Year Timing of Breeding in Ambystoma maculatum [pp. 719-722]
	In Vitro Fertilization and Assessment of Male Reproductive Potential Using Mammalian Gonadotropin-Releasing Hormone to Induce Spermiation in Rana sylvatica [pp. 723-728]
	Male Reproductive Cycle of the European Adder, Vipera berus, and Its Relation to Annual Activity Periods [pp. 729-737]
	Behavioral Thermoregulation in a Pygopodid Lizard, Lialis burtonis [pp. 738-743]
	The Role of Temperature on the Behavioral and Ecological Associations of Sympatric Water Snakes [pp. 744-754]
	The Thermal Biology of Free-Living Sand Goannas (Varanus gouldii) in Southern Australia [pp. 755-767]
	Body Temperature and Heat Transfer in the Green Sea Turtle, Chelonia mydas [pp. 767-773]
	Thermal Influences on the Swimming Speed of Loggerhead Turtle Hatchlings [pp. 773-780]
	Oxygen Consumption of Plethodontid Salamanders during Rest, Activity and Recovery [pp. 781-787]
	Energy Metabolism of Dormant Australian Water-Holding Frogs (Cyclorana platycephalus) [pp. 787-799]
	Overwinter Thermal Ecology of Crotalus viridis in the North-Central Plains of New Mexico [pp. 799-805]
	Life Histories and Comparative Demography of Two Salamander Populations [pp. 806-821]
	Reproduction and Population Structure of an Undescribed Species of Notropis (Pisces: Cyprinidae) from the Mobile Bay Drainage, Alabama [pp. 822-830]
	Comparative Ecology of Three Australian Snake Species of the Genus Cacophis (Serpentes: Elapidae) [pp. 831-838]
	Ecological and Demographic Correlates of Injury Rates in Some Bahamian Anolis Lizards [pp. 839-850]
	The Effect of Paint Marking on Mortality in a Texas Population of Sceloporus undulatus [pp. 850-854]
	Exploitation of Food Resources by Spadefoot Toads (Scaphiopus) [pp. 854-862]
	Ingestion of Host Fish Surface Mucus by the Hawaiian Cleaning Wrasse, Labroides phthirophagus (Labridae), and Its Effect on Host Species Preference [pp. 863-868]
	Ichthyological Notes
	Cleaning Behavior in Sunfish Hybrids under Laboratory Conditions [pp. 869-870]
	Population Fluctuations of Everglades Fishes [pp. 870-874]
	Mixed Species Broods in Lake Malawi Cichlids: An Alternative to the Cuckoo Theory [pp. 874-875]
	Energetics of Viviparity in the Gila Topminnow (Pisces: Poeciliidae) [pp. 876-878]
	Observations of Courtship and Copulation in the Nurse Shark, Ginglymostoma cirratum [pp. 878-882]
	Seasonal Spawning Cycle of the Longspine Combfish, Zaniolepis latipinnis, with Notes on Spawning of the Shortspine Combfish, Zaniolepis frenata (Zaniolepididae) [pp. 882-884]
	Observations on the Spawning Behavior of Captive Florida Pompano, Trachinotus carolinus [pp. 884-886]
	Spawning of Menidia menidia (Pisces: A Therinidae) [pp. 886-887]
	On the Occurrence of Very Small Terminal Phase Parrotfishes [pp. 887-889]
	American Shad Movement, Weight Loss and Length Frequencies before and after Spawning in the St. Johns River, Florida [pp. 889-892]
	Notacanthiform Fishes of the Continental Slope of Chile [pp. 892-895]
	A Bent Fin Ray Condition in Winter Flounder, Pseudopleuronectes americanus, from Sandy Hook and Raritan Bays, New Jersey, and Lower Bay, New York [pp. 895-899]
	Mating Behavior and Sexual Dimorphism in Dentition in the Stingray Urolophus concentricus from the Gulf of California [pp. 900-901]
	Additions to the Description of Hoplunnis pacifica (Pisces: Muraenesocidae) [pp. 901-903]
	Redescription of Cobitis linea, with Some Remarks on the Subgenus Bicanestrinia (Cypriniformes: Cobitidae) [pp. 903-906]
	A Fossil Ceratioid Anglerfish from the Late Miocene of California [pp. 906-908]
	The Central Rod of the Barbels of a South American Catfish, Pimelodus clarias [pp. 908-909]
	Giant Nuclei in the Yolk Sac Syncytium of the Antarctic Teleost Notothenia coriiceps neglecta [pp. 909-911]
	Eel Chromosomes: Cytotaxonomical Interrelationships and Sex Chromosomes [pp. 911-913]
	Karyotypes of Three Species of the Genus Phoxinus (Pisces: Cyprinidae) [pp. 913-916]
	Chromosomes in Three Species of Asian Catfish [pp. 916-918]

	Herpetological Notes
	Renal Regulation of Electrolytes in Two Species of Ambystomatid Salamanders [pp. 918-921]
	Food Resource Limitation of Body Growth Rates in Sceloporus scalaris (Sauria: Iguanidae) [pp. 921-923]
	Effects of Parietalectomy on Energy Expenditure in Free Ranging Lizards [pp. 923-925]
	Caudal Luring in the Dusky Pygmy Rattlesnake, Sistrurus miliarius barbouri [pp. 926-927]
	Notes on the Reproductive Behavior of a Costa Rican Population of Hyla ebraccata [pp. 928-930]
	Everglades Alligator Nests: Nesting Sites for Marsh Reptiles [pp. 930-932]
	Histochemical Demonstration of Two Types of Albinism in San Diego Gopher Snakes (Pituophis melanoleucus annectens) by Use of Dopa Reaction [pp. 932-935]
	A Pleistocene Record of Bufo spinulosus from Peru [pp. 935-936]
	On the Conspecificity of the Iguanid Lizards Liolaemus chacoensis and Liolaemus emmae [pp. 936-937]
	Ambystoma tigrinum: A Multispecies Conglomerate? [pp. 938-941]

	Reviews and Comments
	Review: untitled [pp. 942-944]
	Review: untitled [pp. 944-945]
	Review: untitled [pp. 945-946]
	Review: untitled [pp. 946-947]
	Review: untitled [pp. 947-948]
	Review: untitled [pp. 948-949]
	Review: untitled [pp. 949-950]
	Books Received [p. 951]

	Editorial Notes and News [pp. 952-954]
	Brother Nicéforo María [pp. 952-953]
	Erratum: Editorial Notes and News [p. 954]
	Summary of the Meetings, 1980 [pp. 955-971]
	Back Matter



