
International Journal of Engineering Science Invention Research & Development; Vol. 10, Issue 6, December 2023 
www.ijesird.com, E-ISSN: 2349-6185 
 

M. I. Cooper/ 1553 

 

AIR PRESSURE IS NOT RELATED TO SPECIES RICHNESS IN PILL 

MILLIPEDES SPHAEROTHERIUM BRANDT, 1833 
M. I. Cooper 

University of Cape Town. 

Abstract- Air pressure was tested for a relationship with species 

richness in pill millipedes Sphaerotherium. There were no 

differences between air pressure at the distribution of 1 and 3 

species (Z-test:, P-value=0.21, Z score=0.81, 3,3), 7 and 9 species 

(Z-test: P-value=0.28, Z-score=0.59; n=9, 7), 9 and 25 species Z-

test: P-value=0.42, Z-score=-0.19, n=23, 7),  3 and 7 species (Z-

test: P-value=0.22, Z-score=-0.78; n=7, 6), or 25 species and the 

rest (Z-test: P-value=0.15, Z score=-1.02, n=23, 22). This suggests 

air pressure was not related to species richness in 

Sphaerotherium.  
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I. INTRODUCTION 

Species richness is the number of different species 

represented in an ecological community, landscape 

or region [4-7]. Species richness and biodiversity 

increase from the poles to the tropics for a wide 

variety of terrestrial and marine organisms and is 

referred to as a latitudinal diversity gradient (LDG) 

[17, 29]. Inverse LDG includes aphids, Chinese 

litter-dwelling thrips, diving beetle subfamily 

(Colymbetinae), European bryophytes, freshwater 

zooplankton, Holarctic tree frogs, ichneumonids, 

marine benthic algae, marine bivalves 

(Anomalodesmata), New World snake tribe 

(Lampropeltini), North American breeding birds, 

penguins, (peracarid) crustaceans, pitcher plant 

mosquito, pond turtles, Shallow-water molluscs, 

shorebirds, southeastern United States trees, 

subarctic forests and tropical leaf-litter ant 

communities  [21, 22, 23, 25, 26, 28, 32, 33; 37, 38, 

42]. 

 The LDG was measured and tested in the 

Oniscomorph forest millipede genus 

Sphaerotherium Brandt, 1833 [9]. This forest clade 

belonging to the Order Sphaerotheriida is 

distributed along the eastern coast of southern 

Africa consisting of species with concentrations 

around coastal bush and forests [1, 2, 8, 15, 16, 19, 

24, 34, 39, 40, 41, 43]. Here species richness in pill 

millipedes are tested for correlations with air 

pressure. 

II. MATERIALS AND METHODS 

45 of 49 valid species were identified as belonging 

to the genus Sphaeotherium Brandt, 1833 [16]. 

These were tabulated and known localities also 

listed [9]. Localities were obtained from Hamer 

[16]. GPS coordinates were obtained from internet 

sources for known localities using the locality 

followed with the keyword “GPS”. Latitude and 

longitude coordinates were obtained. When co-

ordinates were not in decimal degrees, they were 

subsequently converted to decimals in dividing the 

seconds in 60 and adding these to the minutes 

which were together divided through 60 to get the 

decimal behind or following the degree. Species 

accepted were in accordance with MilliBase 

(http://www.millibase.org). Species richness 

correlations with latitude were given [9]. Air 

pressure was calculated for each type locality. P-

value calculations were produced between air 

pressure at neighbouring species richness and 

between the highest species richness and the rest 

(Appendix 1). A test for normality of air pressure 

data was performed at 

https://www.statskingdom.com/kolmogorov-

smirnov-test-calculator.html. The outcome of this 

test determined what P-value test would be used in 

comparing the data of air pressure across species 

richness. If the data were normal a T-test would be 

used while if the data were not normal a Z-test is 

used. The P-value calculator can be found at 

https://www.gigacalculator.com/calculators/p-value-

significance-calculator.php.  

III. RESULTS 

There were no differences between air pressure at 1 

and 3 species (Z-test:, P-value=0.208816, Z 

score=0.810535, 3,3), 7 and 9 species (Z-test: P-

value=0.277249, Z-score=0.591034; n=9, 7), 9 and 

25 species Z-test: P-value=0.424227, Z-score=-

0.191090, n=23, 7),  between 3 and 7 species (Z-

http://www.millibase.org/
https://www.statskingdom.com/kolmogorov-smirnov-test-calculator.html
https://www.statskingdom.com/kolmogorov-smirnov-test-calculator.html
https://www.gigacalculator.com/calculators/p-value-significance-calculator.php
https://www.gigacalculator.com/calculators/p-value-significance-calculator.php
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test: P-value=0.216748, Z-score=-0.783225; n=7, 

6), or 25 species and the others (Z-test: P-

value=0.154176, Z score=-1.018687, n=23, 22). 

Results of the lilliefors test indicated that there is a 

significant difference from the normal distribution 

(D(45) =0.19, p = 0.000243). 

IV. DISCUSSION 

Sphaerotherium are a Gondwanan relict [18]. 

Sphaerotherium are more temperate and show a 

general decline in LDG [5, 6, 7, 30, 44, 46]. Other 

groups showing an inverse LDG includes aphids, 

Chinese litter-dwelling thrips, diving beetle 

subfamily (Colymbetinae), European bryophytes, 

freshwater zooplankton, Holarctic tree frogs, 

ichneumonids, marine benthic algae, marine 

bivalves (Anomalodesmata), New World snake 

tribe (Lampropeltini), North American breeding 

birds, penguins, peracarid crustaceans, pitcher plant 

mosquito, pond turtles, Shallow-water molluscs, 

shorebirds, southeastern United States trees, 

subarctic forests and tropical leaf-litter ant 

communities [21, 22, 23, 25, 26, 28, 32, 33; 37, 38, 

42]. 

There may be an evolutionary preference for 

temperate environments appearing to have led to 

climatic constraints on dispersal based primarily on 

precipitation or temperature seasonality gradients 

[20, 32]. LDG depends on proximate factors 

affecting processes of speciation, extinction, 

immigration, and emigration and in Sphaerotherium 

these factors are dependent on size which have been 

investigated in Sphaerotherium based on 

temperature, precipitation and latitude [10-12]. 

LDG may relate to body size in Sphaerotherium 

probably which does not agree with the trends in 

other taxa such as birds and fishes [45]. The trend 

of a small body size associated with the inverse 

LDG is expected to be similar to the weak tendency 

found in mammals [14]. 

Although air pressure has been associated with 

species richness in red millipedes  no relationship 

was found in the pill millipedes Sphaerotherium 

[13].  

REFERENCES 

[1] Attems CMTG von. 1926. Myriopoda. In: 

Kükenthal-Krumbach. Handbuch der Zoologie, 4: 1-

402 

[2] Attems CMTG von. 1928. The Myriopoda of South 

Africa. Annals of the South African Museum, 26: 1-

431  

[3] Brandt JF. 1833. Tentaminum quorundam 

monographicorum Insecta Myriapoda Chilognatha 

Latreillii spectantium prodromus. Bulletin de la 

Société Impériale des Naturalistes de Moscou, 6: 

194-209  

[4] Colwell RK. 2009. Biodiversity: Concepts, Patterns 

and Measurement In: The Princeton Guide to 

Ecology (Levin SA, ed), 257-263, Princeton, 

Princeton University Press, USA 

[5] Colwell RK, Hurtt GC. 1994. Nonbiological 

gradients in species richness and a spurious Rapoport 

effect. American Naturalist, 144: 570-595 

[6] Colwell RK, Lees DC. 2000. The mid-domain effect: 

geometric constraints on the geography of species 

richness. Trends in Ecology and Evolution, 15: 70-76 

[7] Colwell RK, Rahbek C, Gotelli NJ. 2004. The mid-

domain effect and species richness patterns: what 

have we learned so far? American Naturalist, 163: 

E1-E23 

[8] Cooper MI. 2018. Sexual dimorphism in pill 

millipedes (Diplopoda). Journal of Entomology and 

Zoology Studies, 6(1): 613-616 

[9] Cooper M. Latitudinal gradient in species richness of 

Sphaerotherium. Arthropods, 2020, 9(4): 164-170 

[10] Cooper, M. I. Size across weather gradients in pill 

millipedes (Diplopoda):  II. Female volume and 

lowest number of daily hours of sunshine (average). 

Int. j. eng. sci. invention res. dev. 2022; 9(2): 80-83. 

http://www.ijesird.com/aug_seven.PDF.  

[11] Cooper, M. I. Size across weather gradients in pill 

millipedes (Diplopoda): I. Female volume and 

precipitation. Int. j. eng. sci. invention res. dev. 2022; 

9(2): 84-87. http://www.ijesird.com/aug_eight.PDF.  

[12] Cooper, M. Size across weather gradients in pill 

millipedes (Diplopoda): III. Female volume and 

lowest number of daily hours of sunshine (total), 

warmest month in the year,  coolest month in the 

year, average annual temperature, and month with the 

highest number of rainy days. Int. j. eng. sci. 

invention res. dev. 2022; 9(2): 88-92. 

http://www.ijesird.com/aug_nine.PDF. 

[13] Cooper, M. AIR PRESSURE IS RELATED TO 

SPECIES RICHNESS IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 1897. Int. 

j. eng. sci. invention res. dev. 2023; 10(6): 1510-

1534. http://www.ijesird.com/december_7.pdf.  

[14] Gittleman JL, Purvis A. 1998. Body size and species-

richness in carnivores and primates. Proceedings of 

the Royal Society B: Biological Sciences, 265(1391): 

113-119 

http://www.ijesird.com/aug_seven.PDF
http://www.ijesird.com/aug_eight.PDF
http://www.ijesird.com/aug_nine.PDF
http://www.ijesird.com/december_7.pdf


International Journal of Engineering Science Invention Research & Development; Vol. 10, Issue 6, December 2023 
www.ijesird.com, E-ISSN: 2349-6185 
 

M. I. Cooper/ 1555 

 

[15] Golovatch SI, Wesener T, Mauriès J-P, Semenyuk II. 

2012. On the identities of Cryxus Leach, 1814 and 

Zephronia Gray, 1832, the oldest generic names in 

the millipede order Sphaerotheriida (Diplopoda). 

Arthropoda Selecta, 21 (4): 273-294 

[16] Hamer ML. 1998. Checklist of Southern African 

millipedes. Annals of the Natal Museum, 39(1): 39-

43 

[17] Hillebrand H. 2004. On the Generality of the 

Latitudinal Diversity Gradient. The American 

Naturalist, 163(2):  192-211 

[18] Hopkin SP, Read HJ. 1992. Taxonomy, evolution, 

and zoogeography. In: The Biology of millipedes. 

Oxford University Press, UK 

[19] Jeekel CAW. 1951. A new pill-milliped from the 

Malayan Peninsula (Diplopoda, Sphaerotheriidae). 

Tijdschrift voor Entomologie, 93: 101-107 

[20] Kadamannaya BS, Sridhar KR, Sahadevan S. 2009. 

Seasonal Periodicity of Pill Millipedes 

(Arthrosphaera) and Earthworms of the Western 

Ghats, India. World Journal of Zoology, 4(2): 63-69  

[21] Kindlmann P, Dixon AFG, Traxmandlová-

Schödelbauerová I. 2007. Inverse latitudinal 

gradients in species diversity. In: Scaling 

Biodiversity (Storch D, Marquet PA, ed). Cambridge 

University Press, Cambridge, UK 

[22] Krug AZ, Jablonski D, Valentine JW. 2007. 

Contrarian clade confirms the ubiquity of spatial 

origination patterns in the production of latitudinal 

diversity gradients. Proceedings of the National 

Academy of Sciences of USA, 104(46): 18129-18134 

[23] Kwon Y, Lee T, Lang A, Burnette D. 2019. 

Assessment on latitudinal tree species richness using 

environmental factors in the southeastern United 

States. PeerJ, 7: e6781  

[24] Lawrence RF. 1966. The Myriapoda of the Kruger 

National Park. Zoologica Africana, 2 (2): 225-262 

[25] Marshall KE, Baltzer JL. 2015. Decreased 

competitive interactions drive a reverse species 

richness latitudinal gradient in subarctic forests. 

Ecology, 96(2): 461-470 

[26] Mateo R, Broennimann O, Normand S, Petitpierre B, 

AraѸújo MB, Svenning J -C, Baselga A, Fernández 

Gozález F, Rubio VG, Muñoz J. 2016. The mossy 

north: An inverse latitudinal diversity gradient in 

European bryophytes. Scientific Reports, 6: 25546 

[27] Mittelbach GC, Schemske GW, Cornell HV, Allen 

AP, Brown JM, Bush MB, Harrison SP, et al. 2007. 

Evolution and the latitudinal diversity gradient: 

speciation, extinction and biogeography. Ecology 

Letters, 10: 315-331 

[28] Morinière J, Van Dam MH, Hawlitschek O, Bergsten 

J, Michat MC, Hendrich L, Ribera I, Toussaint EFA, 

Balke M. 2016. Phylogenetic niche conservatism 

explains an inverse latitudinal diversity gradient in 

freshwater arthropods. Scientific Reports, 6: 26340 

[29] Pianka ER. 1989. Latitudinal Gradients in Species 

Diversity. Trends in Ecology and Evolution, 4(6): 

223 

[30] Pielou EC. 1977. The latitudinal spans of seaweed 

species and their patterns of overlap. Journal of 

Biogeography, 4: 299-311 

[31] Pitz KM, Sierwald P. 2010. Phylogeny of the 

millipede Order Spirobolida (Arthropoda: Diplopoda: 

Helminthomorpha). Cladistics, 26: 497-525 

[32] Pyron RA, Burbrink FT. 2009. Can the Tropical 

Conservatism Hypothesis explain temperate species 

richness patterns? An inverse latitudinal biodiversity 

gradient in the New World snake tribe Lampropeltini. 

Global Ecology and Biogeography, 18: 406-415 

[33] Rivadeneira MM, Thiel M, Gonzalez ER, Haye PA. 

2011. An inverse latitudinal gradient of diversity of 

peracarid crustaceans along the Pacific Coast of 

South America: Out of the deep south. Global 

Ecology and Biogeography, 20(3): 437-448 

[34] Schubart O. 1958. Diplopoda II: Oniscomorpha. 

South African Animal Life, 5: 41-108 

[35] Sierwald P, Spelda J. 2020. MilliBase. 

http://www.millibase.org. Accessed on April 20, 2020  

[36] Sierwald P, Spelda J. 2018. MilliBase. 

Sphaerotherium Brandt, 1833. 

http://www.millibase.org/aphia.php?p=taxdetails. 

Accessed on May 25, 2020  

[37] Silva RR, Brandão CRF. 2014. Ecosystem-wide 

morphological structure of leaf-litter ant communities 

along a tropical latitudinal gradient. PLoS ONE, 9(3): 

e93049 

[38] Sime KR, Brower AVZ. 1998. Explaining the 

latitudinal gradient anomaly in ichneumonid species 

richness: evidence from butterflies. Journal of 

Animal Ecology, 67: 387-399 

[39] Silvestri F. 1910. Materiali per una revisione dei 

Diplopoda Oniscomorpha. I. Specie del genere 

Sphaerotherium dell’Africa meridionale a me note. 

Bollettino del Laboratorio di Zoologia generale e 

agraria della R. Scuola superiore d’Agricoltura in 

Portici, 4: 180-220 

[40] Silvestri F. 1917. Materiali per una revisione dei 

Diplopoda Oniscomorpha. II. Specie di 

Sphaerotheridae delle regioni australiana e 

neozelandese a me note. Bollettino del Laboratorio di 

zoologia generale e agraria della Facoltà agraria in 

Portici, 12: 61-85 

[41] Van den Spiegel D, Golovatch SI, Hamer ML. 2002. 

Revision of some of the oldest species in the 

millipede genus Sphaerotherium Brandt, 1833 

(Diplopoda, Sphaerotheriida, Sphaerotheriidae), with 

new synonymies. African Invertebrates, 43: 143-181 

[42] Wang J, Tong X, Donghui W. 2014. The effect of 

latitudinal gradient on the species diversity of 

Chinese litter-dwelling thrips. Zookeys (417): 9–20 

http://www.millibase.org/
http://www.millibase.org/aphia.php?p=taxdetails&id=892631


International Journal of Engineering Science Invention Research & Development; Vol. 10, Issue 6, December 2023 
www.ijesird.com, E-ISSN: 2349-6185 
 

M. I. Cooper/ 1556 

 

[43] Wesener T. 2016. The Giant Pill-Millipedes, order 

Sphaerotheriida - An annotated species catalogue 

with morphological atlas and list of apomorphies 

(Arthropoda: Diplopoda). Bonn Zoological Bulletin 

Supplementum, 63: 1-104 

[44] Willig MR, Lyons SK. 1998. An analytical model of 

latitudinal gradients of species richness with an 

empirical test for marsupials and bats in the New 

World. Oikos, 81: 93-98 

[45] Yen JDL, Thomson JR, Keith J, Paganin DM, 

Fleishman E, Bennett AF, Dobkin DS, Mac Nally R. 

2018. Linking species richness and size diversity in 

birds and fishes. Ecography, 41(12): 1979-1991 

[46] Zapata FA, Gaston KJ, Chown SL. 2003. Mid-

domain models of species richness gradients: 

assumptions, methods and evidence. Journal of 

Animal Ecology, 72: 677-690  

 

Appendix 1. Air pressure (Pa) followed by mean 

species richness in Sphaerotherium. 
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