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 Validity of Nucleolar Number for Identification of the Diploid-
 Tetraploid Gray Treefrogs, Hyla chrysoscelis and Hyla versicolor

 MICHAEL J. KELLER

 The identification of the cryptic diploid-tetraploid Gray Treefrogs, Hyla chrysos-
 celis and H. versicolor, from preserved specimens is problematic using conventional
 methods, such as karyotyping. Nucleolar number has been used as an index of
 ploidy for this purpose, based on the assumption of a single nucleolus per chro-
 mosome set. However, cytogenetic studies of nucleolar organizer regions (NORs)
 have shown that putative secondary NORs occur in some populations of the diploid,
 H. chrysoscelis. This study demonstrates that secondary NORs in the diploid genome
 are associated with additional nucleoli in interphase cell nuclei. The number of
 nucleoli is proportional to the total number of primary and secondary NORs, not
 ploidy level, and, therefore, is not a valid character for identification of specimens
 from populations having secondary NORs. Because little is known about the fre-
 quency of secondary NORs in most H. chrysoscelis populations, nucleolar number
 should be avoided as a primary means of species identification.

 THE Gray Treefrogs Hyla chrysoscelis and Hyla
 versicolor make up a diploid-tetraploid spe-

 cies complex with an extensive range that en-
 compasses much of eastern North America be-
 tween southern Canada and northern Florida,
 from the Atlantic seaboard westward to central

 Texas and Manitoba (Blair, 1958). The distri-
 butional patterns of each species, however, are
 complex and poorly understood, as illustrated
 by conflicting accounts published over the years
 (Ralin, 1968, 1977; Romano et al., 1987). The
 tetraploid, H. versicolor, is a cryptic species with
 no distinct morphological features to distin-
 guish it from the diploid, H. chrysoscelis (Ralin,
 1968; Ralin and Rogers, 1979). Live specimens
 can be identified accurately by differences in
 advertisement call structure (Johnson, 1966),
 chromosome number (Wasserman, 1970), rela-
 tive DNA content per cell (Bachman and Bo-
 gart, 1975; Gerhardt et al., 1994), or cell size
 (Bogart and Wasserman, 1972; Matson, 1990);
 however, these methods are difficult or impos-
 sible to use with preserved animals. Cash and
 Bogart (1978) proposed distinguishing between
 diploid and tetraploid gray treefrogs on the ba-
 sis of nucleolar number, which had previously
 been shown to accurately indicate ploidy level
 in salamanders (Fankhauser and Humphrey,
 1943). Unlike cell size, nucleolar number is not
 altered in preserved tissues and is often used for
 the identification of museum specimens (e.g.
 Hillis et al., 1987; Bogart andJaslow, 1979; Little
 et al., 1989).

 Nucleoli are formed in the nucleus by the
 chromosomal nucleolar organizer regions
 (NORs), which mark the locations of large ri-
 bosomal DNA repeats. The nucleolar count

 method explicitly assumes that there is a single
 NOR per set of chromosomes, such that dip-
 loids never have more than two nucleoli, where-
 as tetraploids will have up to four. However, Wi-
 ley et al. (1989) reported the occurrence of a
 variety of secondary NOR sites in H. chrysoscelis,
 as well as a loss of primary NORs in H. versicolor.
 It is not known whether secondary NORs pro-
 duce nucleoli independent of the primary nu-
 cleoli during the cell cycle. If the presence of
 secondary NORs increases the number of nu-
 cleoli, the nucleolar count method may overes-
 timate the ploidy of H. chrysoscelis specimens re-
 sulting in their misidentification as H. versicolor.
 Here, I present results from a cytogenetic study
 of a highly polymorphic population of H. chry-
 soscelis that confirms the nucleolus-forming ca-
 pability of secondary NORs.

 MATERIALS AND METHODS

 Ten H. chrysoscelis (four males and six fe-
 males) were collected from a breeding assem-
 blage in Phelps County, Missouri, in June 1998.
 Samples of whole blood were collected from
 each individual by nonlethal cardiocentesis, and
 lymphocytes were cultured following the meth-
 ods of Wiley and Meisner (1984) and Wiley et
 al. (1989). Five drops of 10 pLg/ml Colcemid
 (Gibco) were added to the culture media for six
 hours to synchronize actively dividing cells at
 metaphase. Blood cells were treated with a hy-
 potonic solution of 0.05 M KCl prior to fixation
 in 3:1 methanol:acetic acid. Three drops of con-
 centrated cell suspension were applied to cold,
 wet slides, dried over steam for 30-90 sec, and
 air-dried for 1-2 h. Nucleoli and potential
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 TABLE 1. CHROMOSOMAL LOCATIONS OF PRIMARY AND SECONDARY NORs AND FREQUENCY OF CELLS WITH DIF-

 FERENT NUCLEOLAR COUNTS FOR Hyla chrysoscelis.

 Cells w/ #nucleoli
 Mean Max. %Cells

 ID NORs 1 2 3 4 5 #nuc. #nuc. >2 nuc.

 Hc203 6p- 100 - - - - 1.00 1 0
 Hc010 6p- 2p 60 40 - - - 1.40 2 0
 Hc008 6p- 4q 63 37 - - - 1.37 2 0
 Hc006 6p6p 79 21 - - - 1.21 2 0
 Hc148 6p6p 4q 36 47 17 - - 1.81 3 17
 Hc149 6p6p 7q 55 31 14 - - 1.59 3 14
 Hc146 6p6p I pdistl Pdist 10 45 34 11 - 2.46 4 45
 Hc011 6p6p 1pcent7q 16 47 31 6 - 2.27 4 37
 Hc007 6p6p 3p7q 20 31 34 15 - 2.44 4 49
 Hc009 6p6p 2p4qter7q 20 40 29 8 3 2.34 5 40

 NORs on chromosomes were silver-stained us-

 ing the colloidal developer method of Howell
 and Black (1980). Slides were dried overnight,
 and coverslips were applied with Permount
 mounting medium. For each individual, at least
 10 sets of metaphase chromosomes were ob-
 served at 1000X magnification to determine
 chromosomal locations of NORs.

 Red blood cell nuclei were used for the nu-

 cleolar counts because they do not divide and
 would not be affected by culture conditions or
 colcemid treatment. Counts made from white

 blood cell nuclei gave similar results. The num-
 ber of nucleoli per cell was counted for 100 cells
 from each individual, and the mean and maxi-
 mum number of nucleoli per cell and the pro-
 portion of cells with three or more nucleoli
 were calculated.

 RESULTS

 The Phelps County, Missouri, population of
 H. chrysoscelis exhibited an exceptionally high
 degree of polymorphism, with seven different
 secondary NORs. Only one individual of the 10
 examined had the expected NOR complement
 with only primary NORs on the short arms of
 both homologues of chromosome 6 (6p6p),
 whereas three individuals possessed the 6p-NOR
 on only a single homologue. Of the seven sec-
 ondary NOR sites, two were located on the
 short arm of chromosome 1 at distal and cen-

 tromeric positions (lpdist and lpcen), two were
 on the long arm of chromosome 4 at terminal
 and medial positions (4qtcr and 4q), and the re-
 maining three occupied medial positions on the
 short arms of chromosomes 2 and 3 (2p, 3p)
 and the long arm of chromosome 7 (7q). The
 sample NOR frequencies suggest that secondary
 NORs are common in this population.

 Six of the 10 individuals examined had nuclei

 containing more than two nucleoli, and four of
 those individuals had nuclei with more than

 three nucleoli. The maximum number of nucle-

 oli per cell was equal to the total number of
 primary and secondary NORs, independent of
 specific complement, and the mean number of
 nucleoli per cell increased with total NOR num-
 ber (Table 1).

 DISCUSSION

 The direct relationship between the maxi-
 mum number of nucleoli per cell and the total
 number of primary and secondary chromosom-
 al NORs confirms that the secondary NOR sites
 actively contribute to nucleolus formation dur-
 ing the cell cycle. The occurrence of secondary
 NOR sites in the H. chrysoscelis genome violates
 the assumption of one NOR per chromosome
 set underlying the use of nucleolar counts to
 determine ploidy level in gray treefrogs. Using
 the maximum number of nucleoli per cell as an
 indicator of ploidy level would correctly identify
 only three of the 10 individuals in this study as
 diploid. Cash and Bogart (1978) suggested that
 individuals could be correctly classified as tet-
 raploids, as opposed to diploids or triploid hy-
 brids, if more than 40% of nuclei contained
 three or more nucleoli. Even with that relatively
 high threshold criterion, at least three of the
 diploids in this study would be misidentified as
 tetraploids (Hc146, Hc007, and Hc009; Table
 1).

 The number and frequency of secondary
 NOR sites in the study population were surpris-
 ingly high, especially considering the small
 number of individuals examined. An extensive

 cytological survey by Wiley et al. (1989) of 34
 H. chrysoscelis populations sampled throughout
 the species range found a total of eight second-
 ary NOR sites, in addition to five alternative pri-
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 mary NOR sites. In that study, only five popu-
 lations possessed secondary NORs, and the
 most polymorphic of those only had three sec-
 ondary sites.

 Whereas nucleolar counts can overestimate

 ploidy level in H. chrysoscelis, they may also un-
 derestimate ploidy level in the tetraploid, H. ver-
 sicolor. Wiley et al. (1989) reported the absence
 of NORs on homologues of chromosome 6 in
 individuals from 15 populations of H. versicolor
 sampled from widespread areas throughout the
 range of the species. Individuals with one to
 four NORs were observed, and although no nu-
 cleolar counts were performed, by definition
 the maximum number of nucleoli must be pro-
 portional to NOR number. Thus individuals
 with only one or two NORs would be misiden-
 tified as diploids. Therefore, loss of NORs also
 may contribute significantly the misidentifica-
 tion of gray treefrogs.

 It is clear that nucleolar counts can be mis-

 leading when used to determine the ploidy level
 of gray treefrogs. Therefore, nucleolar counts
 should be avoided as a primary method of de-
 termining ploidy level and species identity in
 gray treefrogs. Several studies have indicated
 that cell dimensions are significantly larger in
 H. versicolor than in H. chrysoscelis (e.g., Bogart
 and Wasserman, 1972; Cash and Bogart, 1978;
 Matson, 1990). The direct measurement of cell
 or nuclear size, although more tedious and sub-
 ject to increased variance from osmotic damage
 to preserved tissues, is perhaps the best alter-
 native to nucleolar counts for identifying pre-
 served specimens.

 ACKNOWLEDGMENTS

 This project would not have possible without
 the support of H. C. Gerhardt and J. David. I
 am also grateful for the critical review of this
 manuscript by M. Bee and C. van der Weele. All
 collections were made under Missouri permit
 4510, and work was carried out under University
 of Missouri Animal Care Protocol 1910.

 LITERATURE CITED

 BACHMAN, K., AND J. P. BOGART. 1975. Comparative
 cytochemical measurements in the diploid-tetra-
 ploid species pair of hylid frogs, Hyla chrysoscelis and
 Hyla versicolor. Cytogenet. Cell Genet. 15:186-194.

 BLAIR, W. F. 1958. Mating call in speciation of anuran
 amphibians. Am. Nat. 92:27-51.

 BOGART, J. P., AND A. P. JASLOW. 1979. Distribution
 and call parameters of Hyla chrysoscelis and Hyla ver-
 sicolor in Michigan. Royal Ontario Museum, Life Sci-
 ence Contribution 1173. Toronto, ON, Canada

 , AND A. O. WASSERMAN. 1972. Diploid-poly-

 ploid cryptic species pairs: a possible clue to evo-
 lution by polyploidisation in anuran amphibians.
 Cytogenetics 11:7-24.

 CASH, M. N., ANDJ. P. BOGART. 1978. Cytological dif-
 ferentiation of the diploid-tetraploid species pair of
 North American treefrogs (Amphibia, Anura, Hy-
 lidae). J. Herpetol. 12:555-558.

 FANKHAUSER G., AND R. R. HUMPHREY. 1943. The re-
 lation between number of nucleoli and number of
 chromosome sets in animal cells. Proc. Nat. Acad.

 Sci. (USA) 29:344-350.
 GERHARDT, H. C., M. B. PTACEK, L. BARNETT, AND K.

 G. TORKE. 1994. Hybridization in the diploid-tet-
 raploid treefrogs Hyla chrysoscelis and Hyla versicolor.
 Copeia 1994:51-59.

 HILLIS, D. M., J. T. COLLINS, AND J. P. BOGART. 1987.
 Distribution of diploid and tetraploid species of
 gray treefrogs (Hyla chrysoscelis and Hyla versicolor)
 in Kansas. Am. Midl. Nat. 117:214-217.

 HOWELL, W. M., AND D. A. BLACK. 1980. Controlled
 silver-staining of nucleolus organizer regions with a
 protective colloidal developer: a 1-step method. Ex-
 perientia 36:1014.

 JOHNSON, C. 1966. Species recognition in the Hyla
 versicolor complex. Tex. J. Sci. 18:361-364.

 LITTLE, M. L., B. L. MONROE JR., AND J. E. WILEY.
 1989. The distribution of the Hyla versicolor com-
 plex in the northern Appalachian highlands. J.
 Herpetol. 23:299-303.

 MATSON, T. 0. 1990. Erythrocyte size as a taxonomic
 character in the identification of Ohio Hyla chrysos-
 celis and H. versicolor. Herpetologica 46:457-462.

 RALIN, D. B. 1968. Ecological and reproductive differ-
 entiation in the cryptic species of the Hyla versicolor
 complex (Hylidae). Southwest. Nat. 13:283-299.

 . 1977. Evolutionary aspects of mating call var-
 iation in a diploid-tetraploid cryptic species com-
 plex of treefrogs (Anura). Evolution 31:721-736.

 , AND J. S. ROGERS. 1979. A morphological
 analysis of a North American diploid-tetraploid
 complex of treefrogs (Amphibia, Anura, Hylidae).
 J. Herpetol. 13:261-269.

 ROMANO, M. A., D. B. RALIN, S. I. GUTTMAN, ANDJ. H.
 SKILLINGS. 1987. Parallel electromorph variation in
 the diploid-tetraploid gray treefrog complex. Am.
 Nat. 130:864-878.

 WASSERMAN, A. 0. 1970. Polyploidy in the common tree
 toad Hyla versicolor Le Conte. Science 167:385-386.

 WILEY, J. E., AND L. F. MEISNER. 1984. Synergistic ef-
 fect of TPA and T-cell mitogens in nonmammalian
 vertebrates. In Vitro 20:932-936.

 , M. L. LrrLE, M. A. ROMANO, D. A. BLOUNT,
 AND G. R. CINE. 1989. Polymorphism in the location
 of the 18S and 28S rRNA genes on the chromosomes
 of the diploid-tetraploid treefrogs Hyla chrysoscelis and
 Hyla versicolor. Chromosoma 97:481-487.

 DIVISION OF BIOLOGICAL SCIENCES, 105 TUCKER
 HALL, UNIVERSITY OF MISSOURI, COLUMBIA,
 MISSOURI 65211. E-mail: c626284@showme.

 missouri.edu. Submitted: 7 June 1999. Ac-
 cepted: 19 Jan. 2000. Section editor: J. D.
 McEachran.


	Contents
	[860]
	861
	862

	Issue Table of Contents
	Copeia, Vol. 2000, No. 3 (Aug. 4, 2000), pp. 645-916
	Front Matter
	Terminal Pleistocene Fish Remains from Homestead Cave, Utah, and Implications for Fish Biogeography in the Bonneville Basin [pp. 645-656]
	Phylogenetic Relationships and Divergence Timing of Crocodylus Based on Morphology and the Fossil Record [pp. 657-673]
	Interspecific Aggression between Two Parrotfishes (Sparisoma, Scaridae) in the Florida Keys [pp. 674-683]
	Physiological Capacity for Estivation of the Sonoran Mud Turtle, Kinosternon sonoriense [pp. 684-700]
	Evolution of Cytochrome b and the Molecular Systematics of Ammocrypta (Percidae: Etheostomatinae) [pp. 701-711]
	Reproductive Ecology of the Whiptail Lizard Cnemidophorus lineatissimus (Squamata: Teiidae) in a Tropical Dry Forest [pp. 712-722]
	Genetic Divergence and Origin of Mediterranean Populations of the River Blenny Salaria fluviatilis (Teleostei: Blenniidae) [pp. 723-731]
	Size-Specific Mortality and Natural Selection in Freshwater Turtles [pp. 732-739]
	Parentage and Nest Guarding in the Tessellated Darter (Etheostoma olmstedi) Assayed by Microsatellite Markers (Perciformes: Percidae) [pp. 740-747]
	Reproductive Characteristics of the Lacertid Lizard Podarcis atrata [pp. 748-756]
	Aspects of Brown Madtom, Noturus phaeus, Life History in Northern Mississippi [pp. 757-762]
	New Species of Day Gecko, Phelsuma Gray (Reptilia: Squamata: Gekkonidae), from the Réserve Naturelle Intégrale d'Andohahela, Southern Madagascar [pp. 763-770]
	Tomiyamichthys alleni: A New Species of Gobiidae from Japan and Indonesia [pp. 771-776]
	New Species of Eleutherodactylus (Amphibia: Leptodactylidae) from Guaraqueçaba, Atlantic Forest of Brazil [pp. 777-781]
	Shorter Contributions
	Variation in Egg-Mimic Size in the Guardian Darter, Etheostoma oophylax (Percidae) [pp. 782-785]
	Effective Population Size and Genetic Structure of a Population of Collared Lizards, Crotaphytus collaris, in Central Oklahoma [pp. 786-791]
	Life History of Phalloceros caudiomaculatus: A Novel Variation on the Theme of Livebearing in the Family Poeciliidae [pp. 792-798]
	Local and Regional Species Richness Relationships in Viperid Snake Assemblages from South America: Unsaturated Patterns at Three Different Spatial Scales [pp. 799-805]
	Hydrothermal Vent Mussel Bathymodiolus sp. (Mollusca: Mytilidae): Diet Item of Hydrolagus affinis (Pisces: Chimaeridae) [pp. 806-807]
	Interaction of Sex and Size and the Standard Metabolic Rate of Paedomorphic Ambystoma talpoideum: Size Does Matter [pp. 808-812]
	Early Life-History Parameters of Japanese Medaka (Oryzias latipes) [pp. 813-818]
	Females That Imitate Males: Dorsal Coloration Varies with Reproductive Stage in Female Podarcis bocagei (Lacertidae) [pp. 819-825]
	Notes on Reproduction in the Southern Stingray, Dasyatis americana (Chondrichthyes: Dasyatidae), in a Captive Environment [pp. 826-828]
	Digestive Efficiency in Some Australian Pythons [pp. 829-834]
	Discovery of the Holotype of Chaenogobius annularis Gill (Perciformes: Gobiidae) and Its Taxonomic Consequences [pp. 835-840]
	Plasticity in Preferred Body Temperature of Young Snakes in Response to Temperature during Development [pp. 841-845]
	Validity of the Eelpout Lycodes terraenovae Collett, 1896 (Pisces: Zoarcidae) [pp. 846-850]
	Influence of Feeding on the Metabolic Rate of the Lizard, Eulamprus tympanum [pp. 851-855]
	Characterization of Adhesive and Neurotoxic Components in Skin Granular Gland Secretions of Ambystoma tigrinum [pp. 856-859]
	Validity of Nucleolar Number for Identification of the Diploid-Tetraploid Gray Treefrogs, Hyla chrysoscelis and Hyla versicolor [pp. 860-862]
	Freeze Tolerance and Cryoprotectant Synthesis of the Pacific Tree Frog Hyla regilla [pp. 863-868]
	Nesting Ecology of the American Crocodile in the Coastal Zone of Belize [pp. 869-873]
	Conspecific Chemical Cues Influence Pond Selection by Male Newts Triturus boscai [pp. 874-878]
	Postfreeze  O Consumption in the Wood Frog (Rana sylvatica) [pp. 879-882]
	Oviposition Site Selection by the Túngara Frog (Physalaemus pustulosus) [pp. 883-885]
	Mechanical Mouse Lure for Brown Treesnakes [pp. 886-888]
	Dasyatis marianae: The Correct Name for a Recently Described Stingray (Chondrichthyes: Dasyatidae) from the Southwestern Atlantic [pp. 889-890]

	Historical Perspectives
	Henry S. Fitch [pp. 891-900]

	Book Reviews
	Review: untitled [pp. 901-902]
	Review: untitled [pp. 902-904]
	Review: untitled [pp. 904-906]
	Review: untitled [pp. 907-908]
	Review: untitled [pp. 908-911]

	Obituaries
	Peter H. J. Castle, 1934-1999 [pp. 912-913]

	Editorial Notes and News [p. 914]
	Back Matter [pp. 915-916]



