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Abstract- The male surface area to volume ratio with the 

lowest average temperature across the distribution of pill 

millipedes Sphaerotherium Brandt, 1833 was calculated. There 

was a correlation between the male surface area to volume 

ratio with the lowest average temperature across the 

distribution of pill millipedes Sphaerotherium (r=-0.68079494, 

Z score=-1.66118842, n=7, p=0.04833779) (y = -12.62902082 · x 

+ 17.52288018). Male surface area to volume ratio was related 

to species richness (P-value calculator: Z score=2.021174, n=2, 

6, p=0.043262). Lowest environmental temperature was also 

related to species richness (P-value calculator: Z score=-

8.181650, n=2, 6, p=0). 
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I. INTRODUCTION 

Diplopoda are underrepresented in allometric 

analyses of sexual size dimorphism (SSD), 

although sexual differences are known in body 

mass, length, width and leg dimensions of over 

half the taxa studied [1-380]. Size differences 

occur with factors such as color, sexes, species, 

urbanisation and water relations. Diplopoda 

resemble the majority of invertebrates where 

SSD is reversed. SSD has consequences for the 

outcome of sexual encounters in diplopod 

mating. The macro-evolutionary patterns are 

being resolved in the class Diplopoda.  

In the present study, a correlation between the 

male surface area to volume ratio with the lowest 

average temperature across the distribution of pill 

millipedes Sphaerotherium Brandt, 1833 was 

conducted. Species richness was compared to 

both factors. 

II. MATERIALS AND METHODS 

The lowest average temperature were obtained at 

https://en.climate-data.org/africa/south-africa 

across the distribution of seven pill millipedes 

Sphaerotherium Brandt, 1833. Male surface area 

was calculated at 

https://www.omnicalculator.com/math/area-of-

sphere from the widths of seven millipede species 

(https://www.entomoljournal.com/archives/2018/

vol6issue1/PartI/5-6-352-508.pdf) (Appendix 1 

& 2). Species richness was determined from a 

latitudinal diversity gradient at 

http://www.iaees.org/publications/journals/arthro

pods/articles/2020-9(4)/latitudinal-gradient-in-

species-richness-of-Sphaerotherium.pdf. A 

correlation between the three factors  was 

generated at 

https://www.gigacalculator.com/calculators/correl

ation-coefficient-calculator.php and 

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

value-significance-calculator.php. A minimum 

sample size of two was inputted into the p-value 

calculator as the samples for male surface area 

and minimum temperature were means.  

III. RESULTS 

There was a correlation between the male surface 

area to volume ratio with the lowest average 

temperature across the distribution of pill 

millipedes Sphaerotherium (Fig. 1: r=-

0.68079494, Z score=-1.66118842, n=7, 

p=0.04833779).  
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Fig. 1 A negative correlation between the male surface area to 

volume ratio with the lowest average temperature across the 

distribution of pill millipedes Sphaerotherium. 

Male surface area to volume ratio was related to 

species richness (P-value calculator: Z 

score=2.021174, n=2, 6, p=0.043262). Lowest 

environmental temperature was also related to 

species richness (P-value calculator: Z score=-

8.181650, n=2, 6, p=0). 

IV. DISCUSSION 

The significant effect of weather on males and 

females in size are known in this genus. There is 

a negative correlation between the male surface 

area to volume ratio and the lowest average 

temperature. So higher male surface areas were 

associated with lower lowest average 

temperatures, particularly at higher species 

richness. The opposite was also true because 

lower male surface areas were associated with 

higher lowest average temperature at lower 

species richness. This is an addition to one of the 

many potential environmental effects on body 

size in pill millipedes. Both factors correlated 

with species richness. 
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INERTNESS ARE DIFFERENT IN AND 

BETWEEN TWO PAIRS OF FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. International Journal of Engineering 

Science Invention Research & Development. 

2023; 10(5): 573-592.  

http://www.ijesird.com/nov_1_23.pdf.   

276. Cooper M. SECOND POLAR MOMENTS OF 

INERTNESS ARE RELATED TO MATING 

FREQUENCIES, SPECIES VOLUME AND 

SURFACE AREA IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. International Journal of Engineering 

Science Invention Research & Development. 

2023; 10(5): 593-620. 

http://www.ijesird.com/nov_2_23.pdf.   

277. Cooper M. HIGHEST DURATION OF 

SUNSHINE IS RELATED TO MALE 

SECOND POLAR MOMENTS OF 

INERTNESS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. International 

Journal of Engineering Science Invention 

Research & Development. 2023; 10(5): 621-

641. http://www.ijesird.com/nov_3_23.pdf.   

278. Cooper M. I. MATING FREQUENCY MAY BE 

RELATED TO AT LEAST SIXTEEN 

FACTORS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. International 

Journal of Engineering Science Invention 

Research & Development. 2023; 10(5): 646-

672. http://www.ijesird.com/nov_5_23.pdf.  

279. Cooper M. SEXUAL SIZE DIMORPHISM IS 

CORRELATED TO MAXIMUM 

PRECIPITATION IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. International Journal of Engineering 

Science Invention Research & Development. 

2023; 10(5): 673-699. 

http://www.ijesird.com/nov_6_23.pdf.    

280. Cooper M. AVERAGE TEMPERATURE, 

MINIMUM TEMPERATURE, MAXIMUM 

TEMPERATURE, PRECIPITATION, 

HUMIDITY, RAINY DAYS, AND 

AVERAGE SUN HOURS ACROSS THE 

DISTRIBUTION OF CENTROBOLUS IN 

SOUTHERN AFRICA. International Journal 

of Engineering Science Invention Research & 

Development. 2023; 10(5): 700-726. 

http://www.ijesird.com/nov_7_23.pdf.   

281. COOPER M. LENGTH IS RELATED TO AT 

LEAST THIRTEEN FACTORS IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. International Journal of 

Engineering Science Invention Research & 

Development. 2023; 10(5): 727-758. 

http://www.ijesird.com/nov_8_23.pdf.   

282. COOPER M. I. WIDTH IS RELATED TO AT 

LEAST ELEVEN FACTORS IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. International Journal of 

Engineering Science Invention Research & 

Development. 2023; 10(5): 759-791. 

http://www.ijesird.com/nov_9_23.pdf.   

283. COOPER M. I. SURFACE AREA IS RELATED 

TO AT LEAST TEN FACTORS IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. International Journal of 

Engineering Science Invention Research & 

Development. 2023; 10(5): 792-819. 

http://www.ijesird.com/nov_10_23.pdf.  

284. Cooper, M. I. AIR PRESSURE IS NOT 

RELATED TO SPECIES RICHNESS IN 

SPHAEROTHERIIDAE BRANDT, 1833. Int. 

j. eng. sci. invention res. dev. 2024; 10(7). 

285. 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.  

286. COOPER M. I. ABUNDANCE IS RELATED TO 

AT LEAST SEVEN FACTORS IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897.  Int. j. eng. sci. invention res. 

dev. 2023; 10(6): 1088-1103.  

287. Cooper M. VOLUMES AND CURVED 

SURFACE AREAS ARE DIFFERENT 

BETWEEN THE SEXES OF A PAIR OF 

SYMPATRIC FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1074-

1087.    

288. Cooper M. FACTORS RELATED TO 

TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

http://www.ijesird.com/oct_13_23.pdf
http://www.ijesird.com/oct_14_23.pdf
http://www.ijesird.com/nov_1_23.pdf
http://www.ijesird.com/nov_2_23.pdf
http://www.ijesird.com/nov_3_23.pdf
http://www.ijesird.com/nov_5_23.pdf
http://www.ijesird.com/nov_6_23.pdf
http://www.ijesird.com/nov_7_23.pdf
http://www.ijesird.com/nov_8_23.pdf
http://www.ijesird.com/nov_9_23.pdf
http://www.ijesird.com/nov_10_23.pdf
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1897. Int. j. eng. sci. invention res. dev. 2023; 

10(6): 1039-1073.  

289. COOPER M. I. PROBABLE SOLUTION OF 

RAINY DAY VARIATIONS FOR SET 

MATING FREQUENCIES AND MALE 

AND FEMALE WIDTHS IN 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1026-

1038.     

290. Cooper, M. SURFACE AREA IS NOT RELATED 

TO MONTH WITH THE HIGHEST 

NUMBER OF RAINY DAYS, 

PRECIPITATION OR MAXIMUM 

TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2023; 

10(6):  1008-1025.  

291. Cooper M. I. COPULATION DURATION IS 

RELATED TO AT LEAST EIGHT 

FACTORS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 993-1007.  

292. Cooper, M. CORRECTION: FEMALE SECOND 

POLAR MOMENTS OF INERTNESS ARE 

RELATED TO MAXIMUM 

PRECIPITATION IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 10 

(IN PRESS).  

293. Cooper, M. AIR PRESSURE IS NOT RELATED 

TO SPECIES RICHNESS IN PILL 

MILLIPEDES SPHAEROTHERIUM 

BRANDT, 1833. Int. j. eng. sci. invention res. 

dev. 10(6): 1553-1556.   

294. Cooper, M. HIGH AIR PRESSURE IS RELATED 

TO LOW SPECIES RICHNESS IN 

GNOMESKELUS ATTEMS, 1926. Int. j. 

eng. sci. invention res. dev. 10(6): 1548-1551.   

295. Cooper, M. I. AIR PRESSURE IS (INVERSELY) 

RELATED TO SPECIES RICHNESS IN 

DALODESMIDAE COOK, 1896A. Int. j. 

eng. sci. invention res. dev. 10(6): 1543-1547.   

296. Cooper, M. NO AIR PRESSURE-SPECIES 

RICHNESS RELATIONSHIP IN  

JULOMORPHIDAE VERHOEFF, 1924. Int. 

j. eng. sci. invention res. dev. 10 (6): 1540-

1542.    

297. COOPER M. CURVED SURFACE AREA IS 

RELATED TO AT LEAST TWENTY  

FACTORS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1438-

1509.  

298. Cooper M. VOLUME IS RELATED TO OCEAN 

WATER TEMPERATURES IN COASTAL 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1410-

1437.    

299. Cooper M. FACTORS RELATED TO 

PRECIPITATION IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2023; 

10(6): 1376-1409.    

300. COOPER M. MONTH WITH THE LOWEST 

NUMBER OF RAINY DAYS IS RELATED 

TO AT LEAST FOUR FACTORS AND 

MONTH WITH THE HIGHEST NUMBER 

OF RAINY DAYS IS RELATED TO FIVE 

FACTORS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1355-

1375.     

301. COOPER M. SECOND POLAR MOMENTS OF 

INERTNESS ARE RELATED TO TIME IN 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2023; 10(6): 1354.    

302. Cooper M. I. AIR PRESSURE IS RELATED TO 

AT LEAST SEVEN FACTORS AND 

DISTANCE TO THE NEAREST AIRPORT 

IS RELATED TO AT LEAST THREE 

FACTORS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1330-

1354.   

303. Cooper M. SURFACE AREA, SURFACE AREA 

TO VOLUME RATIO, AND CLIMATIC 

CORRELATES IN PILL MILLIPEDES 

SPHAEROTHERIUM BRANDT, 1833. Int. j. 

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

1299-1329.   

304. Cooper Mark. DOES EJACULATE VOLUME, 

MASS AND COLEOPOD SPINE LENGTH 

AND NUMBER VARY WITH MOMENTS 

OF INERTIA AND SEX RATIO IN 

CENTROBOLUS COOK, 1897? Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1282-

1298.   

305. Cooper M. STERNITE PROMINENCE AND 

OCEAN WATER TEMPERATURE ARE 

RELATED TO ABUNDANCE IN 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1266-

1281.   

306. Cooper M. FACTORS RELATED TO 

SUNSHINE IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1146-

1265.  

307. Cooper M. I. MASS IS RELATED TO NINE 

FACTORS IN FOREST RED MILLIPEDES 
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CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2023; 10(6): 1126-

1142.  

308. Cooper M. LOWEST RELATIVE HUMIDITY IS 

RELATED TO HIGHEST RELATIVE 

HUMIDITY, HIGHEST OCEAN WATER 

TEMPERATURE, STERNITE 

PROMINENCE AND MOMENTS OF 

INERTIA AND HIGHEST RELATIVE 

HUMIDITY IS RELATED TO 

ABUNDANCE, MINIMUM AND 

MAXIMUM OCEAN WATER 

TEMPERATURES IN COASTAL FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2023; 10(6): 1104-1125.  

309. Cooper M. CORRELATION COEFFICIENT 

MATRIX FOR SEVEN FACTORS IN THE 

CLIMATE OF 23 LOCALITIES IN 

SOUTHERN AFRICA. International Journal 

of Engineering Science Invention Research & 

Development. 2023; 10(5): 820-992.  

310. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1557-1582.  

311. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

SPECIES VOLUME IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1584-1608.  

312. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

SURFACE AREA IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1610-1635.  

313. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

MONTH WITH THE HIGHEST NUMBER 

OF RAINY DAYS IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1636-1659.  

314. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

PRECIPITATION IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1660-1683.  

315. Cooper, M. HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IS RELATED 

TO HIGHEST TOTAL HOURS OF 

SUNSHINE IN A MONTH IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1684-1709.  

316. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

MINIMUM TEMPERATURE IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(8): 1710-1733.  

317. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

MAXIMUM TEMPERATURE IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(8): 1734-1757.  

318. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

TOTAL HOURS OF SUNSHINE IN A 

YEAR IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(8): 1758-

1783.  

319. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

MONTH WITH THE HIGHEST NUMBER 

OF RAINY DAYS IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1784-1809.  

320. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

LATITUDE IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(8): 1810-

1835.  

321. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

MOMENTS OF INERTIA IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1836-1859.  

322. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

MASS IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(8): 1860-

1883.  

323. Cooper, M. LOWEST NUMBER OF DAILY 

HOURS OF SUNSHINE IS RELATED TO 

LONGITUDE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(8): 1884-1907.  

324. Cooper, M. AIR PRESSURE IS NOT RELATED 

TO SPECIES RICHNESS IN PILL 
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MILLIPEDES SPHAEROTHERIIDAE 

BRANDT, 1833. Int. j. eng. sci. invention res. 

dev. 2024; 10(8): 1908-1911.  

325. Cooper, M. Ian. HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IS RELATED 

TO TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 1912-1935.  

326. Cooper, M. Ian. COPULATION DURATION IS 

RELATED TO LOWEST RELATIVE 

HUMIDITY IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 1936-1961.  

327. Cooper, M. Ian. LOWEST RELATIVE 

HUMIDITY IS RELATED TO MOMENTS 

OF INERTIA IN FOREST RED  

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 1962-1987.  

328. Cooper, M. Ian. HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IS RELATED 

TO SURFACE AREA IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 1988-2013.  

329. Cooper, M. Ian. HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IS RELATED 

TO PRECIPITATION IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 2014-2039.  

330. Cooper, M. Ian. HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IS RELATED 

TO MOMENTS OF INERTIA IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(9): 2040-2065.  

331. Cooper, M. Ian. HOURS OF SUNSHINE 

THROUGHOUT THE YEAR ARE 

RELATED TO SPECIES VOLUME IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2066-

2089.  

332. Cooper, M. Ian. HIGHEST TOTAL HOURS OF 

SUNSHINE THROUGHOUT A MONTH 

ARE RELATED TO SPECIES VOLUME IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2090-

2113.  

333. Cooper, M. Ian. HIGHEST TOTAL HOURS OF 

SUNSHINE THROUGHOUT A MONTH 

ARE RELATED TO MONTH WITH THE 

HIGHEST NUMBER OF RAINY DAYS IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897.  Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2114-

2137.  

334. Cooper, M. Ian. COPULATION DURATION IS 

RELATED TO MONTH WITH THE 

HIGHEST NUMBER OF RAINY DAYS IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2138-

2161.  

335. Cooper, M. Ian. HIGHEST TOTAL HOURS OF 

SUNSHINE THROUGHOUT A MONTH 

ARE RELATED TO PRECIPITATION IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2163-

2186.  

336. Cooper, M. Ian. HIGHEST TOTAL HOURS OF 

SUNSHINE THROUGHOUT A MONTH 

ARE RELATED TO TEMPERATURE IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2187-

2210.  

337. Cooper, M. Ian. PRECIPITATION IS RELATED 

TO TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 2211-2234.  

338. Cooper, M. Ian. TEMPERATURE IS RELATED 

MAXIMUM TEMPERATURE IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(9): 2235-2258.  

339. Cooper, Mark Ian. IS MATING FREQUENCY 

RELATED TO MAXIMUM 

TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897? Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2392-2422.  

340. Cooper, M. Ian. MOMENTS OF INERTIA ARE 

RELATED TO MAXIMUM 

TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(9): 2358-2384.  

341. Cooper, M. Ian. IS MATING FREQUENCY 

RELATED TO TEMPERATURE IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897? Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2333-

2357.  

342. Cooper, M. Ian. TEMPERATURE IS RELATED 

MINIMUM TEMPERATURE IN FOREST 
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RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(9): 2308-2332.  

343. Cooper, M. Ian. IS MATING FREQUENCY 

RELATED HIGHEST TOTAL HOURS OF 

SUNSHINE THROUGHOUT A MONTH IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897? Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2283-

2307.  

344. Cooper, M. Ian. IS MATING FREQUENCY 

RELATED TO PRECIPITATION IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897? Int. j. eng. 

sci. invention res. dev. 2024; 10(9): 2259-

2282.  

345. Cooper, Mark Ian. IS MATING FREQUENCY 

RELATED TO MINIMUM TEMPERATURE 

IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897? Int. j. eng. 

sci. invention res. dev. 2024; 10(10): 2423-

2450.  

346. Cooper, Mark Ian. IS MATING FREQUENCY 

RELATED TO LOWEST RELATIVE 

HUMIDITY IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897? Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2451-2477.  

347. Cooper, M. IS MATING FREQUENCY 

RELATED TO HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897? Int. j. eng. sci. invention res. 

dev. 2024; 10(10): 2478-2507.  

348. Cooper, Mark Ian. COPULATION DURATION 

IS MODELLED TO MINIMUM 

TEMPERATURE IN FOREST RED  

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2508-2534.  

349. Cooper, M. MASS IS CORRELATED TO 

PRECIPITATION IN FOREST RED  

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2392-2417.  

350. COOPER, MARK IAN. MASS IS INVERSELY 

CORRELATED TO MINIMUM 

TEMPERATURE IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2418-2443.  

351. COOPER, MARK IAN. MASS IS 

CORRELATED TO LOWEST RELATIVE 

HUMIDITY IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2444-2469.  

352. COOPER, MARK. MASS IS CORRELATED TO 

MONTH WITH THE HIGHEST NUMBER 

OF RAINY DAYS IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(10): 2470-2495.  

353. COOPER, MARK. VOLUME IS CORRELATED 

TO MINIMUM TEMPERATURE IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(10): 2496-

2522.  

354. COOPER, MARK IAN. CURVED SURFACE 

AREA IS RELATED TO HOURS OF 

SUNSHINE THROUGHOUT THE YEAR IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. sci. 

invention res. dev. 2024; 10(10): 2523-2550.  

355. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO HIGHEST HOURS OF 

SUNSHINE THROUGHOUT A MONTH IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(10): 2556-

2579.  

356. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO LOWEST HOURS OF 

SUNSHINE IN A DAY IN FOREST RED 

MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 2580-2604. 

https://www.ijesird.com/wp-

content/uploads/2024/05/may_1_24.pdf. 

357. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO SURFACE AREA IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 2605-

2629. https://www.ijesird.com/wp-

content/uploads/2024/05/may_2_24.pdf.  

358. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO SPECIES VOLUME IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 2630-

2654. https://www.ijesird.com/wp-

content/uploads/2024/05/may_3_24.pdf. 

359. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO TEMPERATURE IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 2655-

2680. https://www.ijesird.com/wp-

content/uploads/2024/05/may_4_24.pdf. 
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360. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO MASS IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(11): 2681-2705. 

https://www.ijesird.com/wp-

content/uploads/2024/05/may_5_24.pdf.  

361. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO MOMENTS OF INERTIA IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 2706-

2730. https://www.ijesird.com/wp-

content/uploads/2024/05/may_6_24.pdf. 

362. COOPER, M. COPULATION DURATION 

IS RELATED TO CURVED SURFACE 

AREA IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 2731-

2754. https://www.ijesird.com/wp-

content/uploads/2024/05/may_7_24.pdf. 

363. Cooper, M. CURVED SURFACE AREA IS 

RELATED TO MEAN OCEAN WATER 

TEMPERATURES IN COASTAL FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 2964-2988. 

https://www.ijesird.com/wp-

content/uploads/2024/05/49.pdf. 

364. Cooper, M. CURVED SURFACE AREA IS 

RELATED TO MINIMUM OCEAN WATER 

TEMPERATURES IN COASTAL FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 2939-2963. 

https://www.ijesird.com/wp-

content/uploads/2024/05/48.pdf. 

365. Cooper, M. CURVED SURFACE AREA IS 

RELATED TO HIGHEST OCEAN WATER 

TEMPERATURES IN COASTAL FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 2914-2938. 

https://www.ijesird.com/wp-

content/uploads/2024/05/47.pdf. 

366. Cooper, M. CURVED SURFACE AREA IS 

RELATED TO AVERAGE TEMPERATURE 

VARIATION IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(11): 2883-2908. 

https://www.ijesird.com/wp-

content/uploads/2024/05/46.pdf. 

367. Cooper, M. CURVED SURFACE AREA IS 

RELATED TO MINIMUM TEMPERATURE 

IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 2857-

2882. https://www.ijesird.com/wp-

content/uploads/2024/05/45.pdf. 

368. Cooper, M. CURVED SURFACE AREA IS 

RELATED TO LONGITUDE IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 2831-2856. 

https://www.ijesird.com/wp-

content/uploads/2024/05/44.pdf. 

369. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO WIDTH IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(11): 2806-2830. 

https://www.ijesird.com/wp-

content/uploads/2024/05/43.pdf. 

370. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO LENGTH IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(11): 2780-2805. 

https://www.ijesird.com/wp-

content/uploads/2024/05/42.pdf. 

371. COOPER, M. CURVED SURFACE AREA IS 

RELATED TO SEX RATIO IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 2755-2779. 

https://www.ijesird.com/wp-

content/uploads/2024/05/41.pdf. 

372. COOPER, M. I. LENGTH IS RELATED TO 

HIGHEST TOTAL HOURS OF SUNSHINE 

IN A MONTH IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(11): 3102-3129. 

https://www.ijesird.com/wp-

content/uploads/2024/05/54.pdf. 

373. COOPER, M. I. FEMALE WIDTH IS 

RELATED TO HOURS OF SUNSHINE 

THROUGHOUT THE YEAR IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 3073-3101. 

https://www.ijesird.com/wp-

content/uploads/2024/05/53.pdf. 

374. COOPER, M. LOWEST NUMBER OF 

DAILY HOURS OF SUNSHINE IN A DAY 

IS RELATED TO LENGTH IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(11): 3044-3072. 

https://www.ijesird.com/wp-

content/uploads/2024/05/52.pdf. 
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375. COOPER, M. LENGTH IS RELATED TO 

HOURS OF SUNSHINE THROUGHOUT 

THE YEAR IN FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(11): 3015-

3043. https://www.ijesird.com/wp-

content/uploads/2024/05/51.pdf. 

376. COOPER, M. WIDTH IS RELATED 

HIGHEST TOTAL HOURS OF SUNSHINE 

IN A MONTH IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(11): 2989-3014. 

https://www.ijesird.com/wp-

content/uploads/2024/05/50.pdf 

377. COOPER, M. I. MOMENTS OF INERTIA 

ARE RELATED TO LENGTH IN FOREST 

RED MILLIPEDES CENTROBOLUS 

COOK, 1897. Int. j. eng. sci. invention res. 

dev. 2024; 10(12): 3195-3214. 

https://www.ijesird.com/wp-

content/uploads/2024/06/june_4_24.pdf.  

378. COOPER, M. I. WIDTH MODELS WITH 

MATING FREQUENCY IN FOREST RED 

MILLIPEDES CENTROBOLUS COOK, 

1897. Int. j. eng. sci. invention res. dev. 2024; 

10(12): 3175-3194. 

https://www.ijesird.com/wp-

content/uploads/2024/06/june_3_24.pdf.  

379. COOPER, M. I. FEMALE WIDTH IS 

RELATED TO LOWEST NUMBER OF 

HOURS OF SUNSHINE IN A DAY IN 

FOREST RED MILLIPEDES 

CENTROBOLUS COOK, 1897. Int. j. eng. 

sci. invention res. dev. 2024; 10(12): 3154-

3174. https://www.ijesird.com/wp-

content/uploads/2024/06/june_2_24.pdf. 

380. Cooper, M. CLIMATIC CORRELATES IN 

PILL MILLIPEDES SPHAEROTHERIUM 

BRANDT, 1833. Int. j. eng. sci. invention res. 

dev. 2024; 10(12): 3130-3153. 

https://www.ijesird.com/wp-

content/uploads/2024/06/june_1_24.pdf.. 

APPENDIX 1. The male surface area to volume 

ratios (1/mm) followed by the lowest 

environmental temperature (degrees Celsius) in 

seven pill millipedes Sphaerotherium Brandt, 

1833. Species richness in parentheses. 

0.19355, 13.2 (25) 

0.5, 10.9 (25) 

0.27907, 13.0 (25) 

0.25, 17.3 (9) 

0.26087, 14.4 (25) 

0.4286, 13.2 (25) 

0.4444, 10.9 (25) 
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