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AsmAa
We collected 560 butterfly species in 2Y field-hours during September 1989 at Pakitn, a biological station in the

reserved zone of Parque Nacional del Manu, Madre de Dice, Peru. These species are listed with first data of capture. Sight
records and species collected by edicts are also listed, giving a total of 616 species. We modifr a Michaelis-Menten type
equation for estimating species tidiness. Our data show a close fit to this model, which predicts a fauna of 905 species at
Pakitza.

RESUMEN

En Pakirn, Ima estadón biolagics en Is tons reservads del Parque Nacional dcl Mimi, Madre de Dim, Peru, hemos
obtenido 560 especies de inariposu diuross, luego de 200 boris de colecti ci setianbrt de 1989. Ofrecernos tins lists 1e
ellis, indicando is primera fedia tie captura pars cads tins; adaMs, enumeramos tamhién los registros visuales y las especies
colectadas pot otto., dando tin total de 616 especies. Presentamos- tins ecuación dcl tipo Midiaclis-Menten, modificads
pars estimar Is riqueza en especies. Nuestros dams Inuestran gran concordancia con ate modelo, que predice tins fauna de
905 especies pan P.kitza.

INTRODUCTION

The Rio Madre de Dios drainage in southeastern Peru is the world's richest area for butterflies.
For example, 1,209 butterfly species are known at the 55 km2 Tambopata Reserve Madre de Dios
Lamas, 1981, 1983, 1985, unpubl. in connast to 1,008 recorded species in the Malay Peninsula
131,287 km2 Corbet & Pendlebury, 1978 and 720 recorded species in Liberia 111,370 km2
Owen, 1971. Further, new species are still being discovered at Tambopata Lamas & Robbins

unpubt, but there are no statistical estimates of how many species might occur there.

`When the opportunity arose to census a new site in the Rio Madre de Dios drainage, we decided

to develop and test methods for estimating species richness that would also maximize the number of
species collected, so that it would be possible to compare this fauna with that of Tambopata and

other sites. A secondary goal was to accomplish the first goal within five years. Land-use decisions
may be based, in part, on geographical differences in species richness, so there is a political necessity
to be able to estimate the number of species quicldy.

In this paper, we present a preliminary list of butterflies that occur at Pakitza, a biological station

in Parque Nacional Manu Madre de Dios, and a statistical method for estimating the number of

species that occur there. Because we will be continuing work at Palcitza, it will be possible to test the

predictions of the model.
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STUDY SITE AND METHODS

Pakitza is a biological station 11c5548'S, 71°15'18"W in lowland rain forest about 350 m
elevation on the RIo Manu in the Reserved Zone of Parque Nacional Manu, Macire de Dios, Peru.
Although meteorological data are unavailable for Pakitza, Terborgh 1983 recorded general char

acteristics of the forest and some meteorological data for Cocha Cashu, a biological station about 21
km north of Pakitza, upstream on the Rio Manu. Similar information is also available for the Tam
bopata Reserve Erwin, 1985, approximately 235 km SEE of Pakitza on the Rio Tambopata. At
both sites, there is a marked dry season from April.May to September.October.
We began field work on 8 September 1989; two of us stayed for 17 days and one for seven days.

We collected with nets along approximately 20 km of trails through undisturbed forest, in disturbed
areas around buildings in camp, and on mud at the edge of the Rio Manu. Although we did not use

bait traps, we did collect at feces and rotting fruits that were encountered in the forest. We ignored

specimens of species already collected when they could be recognized, but in many groups, species
cannot be readily identified in the field. At the end of each day, we recorded the total number of
person-hours spent collecting to the nearest half-hour.

After preparation, collected specimens were identified as well as possible using the taxonomic
expertise of the authors and using the collections, type photographs, and literature at our respective
institutions, where all vouchers are deposited. We listed each species found at Pakitza, including its
date of first capture. Some identifications in taxonomically difficult groups were preliminary.

Although not included in this data analysis, we also listed sight records and species collected at
Pakitza by others.

DATA ANALYSIS

Using dates of first capture from the Pakitza species list, we plotted cumulative number of

species versus cumulative number of person-hours Fig. 1. Such "species accumulation curves"

reach a maximum value when all species at a site have been collected, but estimating this value from

a sample, such as that in Figure 1, is difficult.

Various workers Clench, 1968, 1979: de Caprariis et al., 1976, 1978, 1981; Raguso & Uorente,

1991 suggested that species accumulation curves for butterflies and molluscs with shell mass,

rather than time, as the independent variable are closely approximated by

1 s=S - ST/T+t

where "s" is the number of species in the sample at time "t", "s" is the number of species at the site,

and `T" is the amount of time needed to sample half the species at the site. By fitting Equation 1,

which is identical to the Michaelis-Menten curve of enzyme kinetics Lehninger, 1970; de Caprariis

cit at., 1981; Raguso & Llorente, 1991, to species accumulation data, it is possible to obtain an

estimate of species number.

Equation 1 is easy to manipulate mathematically. De Caprariis ci at. 1976 and Raguso &

Llorente 1991 fitted a least squares line to a plot of the reciprocal of time versus the reciprocal of

species number, in which the reciprocal of the y-intercept was the species number estimate. An

alternate method is to rearrange Equation 1 as

2 5= - Ts/t ÷ S

and to plot "species number" versus "species/time".

Analyzing species accumulation data using Equation 2 has a number of advantages. The vari

ables, number of species and number of species per unit time, have straightforward biological

interpretations. Unlike the lognormal, broken stick, geometric, and other "parametric" models

discussed in Magurran, 1988, Equation 2 makes no assumptions about relative abundances or

sampling method other than that the data fit the equation. A least squares line allows the "fit" to be

checked visually. Lastly, whether or not the plot is indeed linear, the projected y-intercept is an

estimate of species number. In other words, the asymptote of a species accumulation curve Fig. 1

is equivalent to the y-intercept of a species versus species/time plot Fig. 2.
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Fig. 1.- Species accumulation cwve or 1989 Pakira data.

A drawback to the use of Equation 2 for estimating species number is that a least squares line

ma' intersect the y-axis below the last data point. Thus, the estimated species richness would be

unreasonable because it would be less than the number of species in the last sample cf. Raguso &

Llorente, 1991 for an aainjle. A solution is to have the least squares line intersect the last data

point. Although this solution gives undue weight to the last data point, this point is the best in-

formation available on the number of species at the site and is dependent, in part, on previous data

points. The estimated number of species, given that the least squares line intersects the last data

point, is

3 S=[a]IEns,, - 2st,.sjt13 + tIsJtij2

where a =s.t..,2ts/t12 + s2Zsj - st0tsj2/t1 - s,,2sj/tj

and where there are "s11' species at time "t1", there are "n" data points, "s,,,t," is the last data point,

"i= 1,2 n", and "SI' is the parametric number of species at the site. Graphically, the line passes

through the last data point "swc." and the y-axis at "O,S."

While the absolute value of the slope is the expected amount of time needed to collect half the

species at a site, it is also useful for planning purposes to known how long "t.,," it will take to sample

any proportion "p" of the species. Rearranging Equation 2 and noting that "p=s!S",

4 t.1,=Tp/[1-p]
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Thus, for example, it takes an estimated 3T person-hours to collect 75% of the species at a site,

19T person-hours to collect 95% of the species, and 199T person-hours for 99.5% of the species.

There are other drawbacks to the use of Equation 2, The least squares line is not a maximum

likelihood estimator because the data do not meet the assumptions of a regression model. Per

example, successive data points are not independent of previous ones. Equation 2 is deterministic,

not stochastic de Caprariis et al., 1981, giving an "estimated" number of species, but there is no

variance or likely interval for this estimate.

RESULTS AND DISCUSSION

The 1989 data are from one 17 day period at the end of the dry season in 1989. Our analysis thus

applies to the fauna that was present at that time the "standing crop" and assumes, perhaps

incorrectly, that seasonality and yearly changes in relative abundances would not alter our rest

Furthermore, the trail system we utilized in Pakitza does not cover the entire range of habitat

diversity present in the area. We collected 560 species in 200 fIeld-hours Fig. 1 and recorded

another 52 species found by others and sight records for an additional four species see Appendix

The plot of species versus species/time for the 1989 Pakitza data Fig 2 consisted of 15 data points

- no collecting was done on two days of inclement weather.

Estimated species richness at Pakitza using Equation 3 was 905 species, and the least squares line

was

5 s-123.1s/t + 905

If this estimate is accurate, then we sampled 61.9% of the butterfly fauna at Pakitza in 200 person-

hours.

Using Equation 4, it will take an estimated 369 person-hours to collect 75% of the species at

Pakitza, 2,339 person-hours to sample 95% of the fauna, and 24,497 person-hours for 99.5% of

Pakitza's fauna. We averaged. 34.1 field-hours per person per week of residence at Pakitza. The

model predicts that a person would collect 93.5% of Pakitza's butterfly species in a year of 34.1

field-hour weeks.

The regression line Fig. 2 Is a reasonably dose match to the data points except for the first two -

points. When these two points were omitted from the analysis, however, the estimate of species

richness barely changed 905 to 907 species. To give an idea of the consistency of the estimator in

Equation 3, we calculated estimated species number Fig. 2, top as a function of sample size. The

first point on the right is the estimate 999 species after four days, the second after six days, the

third after eight days, etc. From six days onwards, the estimator varied by less than 6.3% from 905

species.

The estimate of 905 species at Pakitza is likely to bean underestimate. The data closely fit the

model Fig. 2 but, as mentioned above, we collected during one season and on 17 consecutive days.

A species that is rare or absent one day is likely to be rare or absent the next, but may be common in

another season or during the same season in a different year. For this reason, we expect a greater

increase in the number of new species, when the results of our 1990 collecting season are analyzed,

than is predicted by Equation 5. More generally, we expect that as Pakitza is sampled in different

years and seasons, as has been done at Tambopata, the estimate of 905 species will prove to be too

low. This hypothesis can be tested because Equation 5 is an explicit prediction of how many

species will be found in the future as a function of person-hours.
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Fig. 2.- Least squares line calculations in text and its fit to the data circles. The projected y-intercept 905 species is the

species number estimate, The solid squares are species number estimates from right to left after 4,6,8, 10, 12, 14 and 15

days.
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APPENDIX

LIST OF BUTrERFLIES FROM PAICFZA

In the following list, the higher classification of the Nymphalidae adopted is that proposed by
Harvey 1991. On the right-hand column, numbers indicate the first day of capture in September
1989 Species recorded by others are noted by "xx" and sight records by a dash -

PAPIUONmAE

1. Protesilaus agesilaus autosilaus Bates, 1861 9

2. P. glaucolaus leucas Rothschild & Jordan, 1906 9

3. P. pausanias pausanias Hewitson, 1852 9

4. Parides anchises drucei Butler, 1874 21

5. P. echemon empistocles Kuppers, 1975 xx

6. P. sesostris sesostiis Cramer, 1780 18

7. Heraclides astyalus phanias Rothschild & Jordan, 1906 9

8. H. torquatus torquatus Cramer, 1777 10

PIERIDAE

9. Dismorphia theucharila argochloe Bates, 1861 13

10. Enantia lina galanthis Bates, 1861 19

11. E. melite linealis Prilifer, 1922 xx

12. Moschoneura pinthous ssp. n. 8

13. Patia orise denigrata Rosenberg & Talbot, 1914 20

14. Aphrissa fluminensis d'Almeida, 1921 11

15. A. statira statira Cramer, 1777 9

16. Klotsius menippe Hubner, 1818 9

17. Eurema albula espinosae Fernández, 1928 8

18. E. paulina Bates, 1861 10

19. Pyrisitia nise ssp. n. 9

20. Phoebis argante larra Fabricius, 1798 9

21. P. philea philea Linnaeus, 1763 9
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22. Glutophrissa drusilla drusilla Cramer, 1777 9

23. Itaballia demophile lucania Fruhstorfer, 1907 9

24. I. pandosia pisonis Hewitson, 1861 8

25. Melete lycirnnia peruviana Lucas, 1852 9

26. Perrhybris pamda mazuka Lamas, 1981 xx

NYMPFLALIDAE

Hcliconlinae

Acracini

27. Actinote pdllenea hyalina Jordan, 1913 8

Heliconlini

28. Dryas julia alcionea Cramer, 1780 8

29. Eueides aliphera aliphera Godart, 1819 xx

30. E. tales tabernula Lamas, 1985 11

31. Laparus doris doris Linnaeus, 1771 20

32. Neruda aoede manu Lamas, 1976 9

33. Heliconius burneyi ada Neustetter, 1925 8

34. H. demeter tambopata Lamas, 1985 8

35. H. elevatus lapis Lamas, 1976 9

36. H. erato luscombei Lamas, 1976 . 8

37. H. hecale sisyphus Salvin, 1871 11

38. H. leucadia Bates, 1862 9

39 H inelpomene schun.kei Lamas, 1976 9

40 H numata lyrcaeus Weymer, 1891 8

41 H sara thamar Hubner, 1806 8
t 42 II xanthocles quindecim Lamas, 1976 9

Nyinphalinae

Ktum

43. Metamorpha elissa elissa HUbner, 1819 17

* 44. Siproeta stelenes meridionalis Fruhstorfer, 1909 xx

45. Junonia genoveva occidentalis C. & it Felder, 1862 17

Melitaeini

46. Telenassa burchelli Moulton, 1909 16

47. Eresia eunice ssp. 17

48. E. nauplius plagiata Rober, 1914 11

49. Castilia angusta Hewitson, 1866 21

Limenitidinac

Coloburini

50. 1-listoris acheronta acheronta Fabricius, 1775 9

51. H. odius ssp. n.

52. Baeotus amazonicus Riley, 1919 16

53. B. deucalion C. & it Felder, 1860 11

54. B. japetus Staudinger, 1885 21

55. Smyrna blomfildia blomfildia Fabricius, 1782 xx
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56. Colobura dirce dirce Linnaeus, 1758 -

57. Tigridia acesta tapajona Butler, 1873

58. Vila emilia caecilia C. & R. Felder, 1862 9

59. Myscelia capenas octomaculata Butler, 1873 9
60. Catonephele acontius acontius Linnaeus, 1771 9
61. C. numilia numilia Cramer, 1776 13
62. Nessaea hewitsonii boliviensis Jenkins, 1989 12
63. N. obrina lesoudieri LeMouk, 1933 8
64. Eunica amelia erroneata OberthUr, 1916 19

65. B. bechina bechina Hewitson, 1852 23

66. E. caelina alycia Fruhstorfer, 1909 13

67. B. clytia Hewitson, 1852 12

68. E. concordia Hewitson, 1852 xx

69. B. eurota eurota Cramer, 1776 12

70. B. marsolia fasula Fruhstorfer, 1909 8
71. B. mygdonia mygdonia Godart, 1824 9
72. E. orphise Cramer, 1776 18

73. B. sophonisba agele Seitz, 1916 xx

74. Hamadryas chloe chloe Stoll, 1791 8
75. Panacea prola amazonica Fruhstorfer, 1915 8
76. P. regina Bates, 1864 10

77. Batesia hypochiora hypoxantha Salvin & Godman, 1868 8
78. Pyrrhogyra crameri hagnodorus Fruhstorfer, 1908 9

79. P. otolais olivenca Fruhstorfer, 1908 8

80. Teinenis laothoe laothoe Cramer, 1777 9

81. Peria lamis Cramer, 1780 13

82. Dynamine chiyseis Bates, 1865 9

83. D. coenus leucothea Bates, 1865 12

84. D. paulina Bates, 1865 9

85. Diaethria clymenaperuviana Guenee, 1872 xx

86. Paulogramma pyracmon peristera Hewitson, 1853 11

87. Callicore cynosura cynosura Doubleday, 1847 9

88. C. hesperis Guerin, 1844 11

Limenitidini

89. Addpha cocala urraca C. & B. Felder, 1862 11
90. A. iphiclus iphiclus Linnaeus, 1758 9
91. A. lema lerna Hewitson, 1847 xx
92. A. mesentina chancha Staudinger, 1886 9
93. A. phylaca davisii Butler, 1877 9
94. A. plesaure phliassa Godart, 1824 9

Cyresfidini

95. Marpesia berania berania Hewitson, 1852 13

96. M. chiron marius Cramer, 1780 9
97. M. crethon Fabricius, 1776 xx
98. M. furcula oechalia Westwood, 1850 9

99. M. themistocles norica Hewitson, 1852 8
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charaxinae

100.

101.

102.

103.

104.

105.

106.

107.

108.

109.
110.

Siderone galanthis thebais C. & It Felder, 1862

Zaretis itus itus Cramer, 1777

Fountainea iyphea ryphea Cramer 1776

Memphis basilia drucei Staudinger, 1887

M. cambyses Druce, 1877

M. glauce glauce C. & It Felder, 1862

M.moruus memphis C. & it Felder, 1867

M. polycarmes Fabricius, 1775

M. xenocles xenocles Hewitson, 1850

Archaeoprepona demophon muson Fruhstorfer, 1905

Agrias claudina sardanapalus Bates, 1860

Apaturinae

111. Doxocopa agathina agathina Cramer, 1777

Morphinac

Antirrhea philoctetes avernus Hopifer, 1874

A. taygetina taygetina Butler, 1868

Morpho achilles felipensis LeMoult & Real, 1962

M. deidamia grambergi Weber, 1944

Brassolinae

Opoptera aorsa hilara Stichel, 1902

Catoblepia berecynthia adjecta Stichel, 1906

C. soranus Westwood, 1851

C. xanthicles belisar Stichel, 1904

Selenophanes cassiope mapiriensis Bristow, 1982

Caligopsis seleucida seleucida Hewitson, 1877

Caligo placidianus Staudinger, 1887

Eryphanis automedon tristis Staudinger, 1887

Opsiphanes invirae notandus Stichel, 1904

Satyrinae

Cithaerias pireta ssp. n.

Haetera piera ssp. n.

Pierella honona albofasciata Rosenberg & Talbot, 1914

P. lamia chalybaea Godman, 1905

P. lena brasiliensis C. & it Felder, 1862

Bia actorion rebel Bryk, 1953

Harjesia blanda Moschler, 1877

H. oreba Butler, 1870

Harjesia ? sp. n.

Pseudodebis dubiosa Forster, 1964

P. marpessa Hewitson, 1862

P. valentina Cramer, 1780

112.

113.

114.

115.

116.

117.

118.

119.
120.

121.

122.

123.

124.

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

136.

9

xx

13
18

8

xx

9

8

11

9

8

11

10

8
8

18

8

12

8

9

xx

xx

13

xx

8

10

8

8

8

13

8

xx

8

11
8

8
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