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​Abstract​
​While the normal distribution is often termed "normal," it is uncommon to encounter​

​precise bell curves in biological measurements. In this study, we discovered an accurate​
​normal distribution in the intraspecific body mass distribution of the Scarab Beetle​​Anomala​
​albopilosa​​. We captured over thousands of beetles​​and measured their weight, and we also​
​conducted a Mark-Release-Recapture study.​

​Introduction​
​Many biological variables are believed to fit the normal distribution quite well​

​(McDonald, 2012)​​. However, actual histograms of biological​​measurement often do not show​
​well-balanced, well-shaped bell curves​​(A’Hearn, Peracchi​​and Vecchi, 2009; Gouws, Gaston​
​and Chown, 2011; Zhu​​et al.​​, 2016; Chen​​et al.​​, 2022)​​;​​Many histograms skewed or exhibit​
​platykurtic or leptokurtic shapes. The absence of a smooth bell shoulder may simply result​
​from small sample sizes. The central limit theorem assumes randomness, but biological​
​phenomena are usually not random. The biological background may influence the shape of​
​histograms. For instance, a previous study found that the intraspecific body mass distribution​
​of non-social insects tends to follow a normal distribution. Invasive species tend to have low​
​genetic diversity​​(Hagenblad​​et al.​​, 2015)​​and may​​have not so complex biological​
​background. We hypothesized that we could obtain an accurate bell curve in an intraspecific​
​body mass distribution if we measure over 1000 individuals of invasive species.​

​The scarab beetle​​Anomala albopilosa​​is a major agricultural​​pest insect in the​
​southern region of Japan. In Okinawa prefecture, the insect is managed using UV-LED traps​
​(Aragaki, 2016)​​. The insect was not major in the northern​​region of Japan and has been​
​increasing the population in those areas such as the Kanto region since around 2000 AD​
​(Nakano, 2020)​​.​

​In this study, we captured thousands of the scarab beetles in the Kanto region,​
​measured their weight and drew a histogram and Q-Q plot. We also performed a​
​mark-release-recapture study to estimate beetle population. We compared the body mass of​
​captured insects with the mark and without the mark to survey affection of the marking. The​
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​weight loss of the insects when they were starved was measured to estimate agricultural​
​damage.​

​Materials and Methods​
​Insects were captured using a 120 W 365-405nm UV LED light (Sunpie, Saitama,​

​Japan) at 7 p.m. to 9 p.m. on 9-15, 17 Aug 2024 in the seven face mountain, Kawasaki city,​
​Kanagawa prefecture, Japan (N35°60.43’, E139°60.46’). The light was blocked by houses​
​and reached about 40 meters at a 5 degree angle. Insects body mass was measured using an​
​analytical balance LA-JT1003D(LA) (Lachoi Scientific Instruments Co. Ltd., Zhejiang,​
​China). Insect marking was performed using a liquid whiteout EZL21-W (Pentel Co. Ltd.,​
​Tokyo, Japan). We marked 88 insects captured and released on 9 Aug 2024. Beetle starvation​
​was performed in a plastic box (approximately 3L) at room temperature.​

​Results and Discussions​
​We captured 88, 142 (12), 126 (2), 121 (1), 80 (1), 163 (0), 91 (0), 46 (0), 100 (0), 35​

​(0) and 38 (0) insects on  9-15, 17-20 Aug 2024, respectively (Numbers in parentheses​
​indicate number of marked insects). The histogram of the body mass distribution of 1014​
​insects showed an accurate bell curve (Figure 1). In the first 24 hours, the density of marked​
​insects was 0.0845. Estimated population of the insects in our survey area is 1041​
​(88/(0.0845)). The rate of recaptured insects with marks in total captured insects decreased​
​immediately. Most of the insects within the study area would be replaced by insects from​
​outside the area within a few days. Recaptured insects (with marks) body mass on 10 Aug​
​2024 were 0.825, 0.885, 0.652, 0.525, 0.628, 0.708, 0.714, 0.698, 0.567, 0.654, 0.6 ,0.729,​
​0.751 ,0.855 ,0.669 and 0.599 (mean 0.691). Those were not different from whole captured​
​insects (mean 0.689, p = 0.94 in t-test). The whiteout marking would not disturb the wildlife​
​of the insects. After 48 hours from release, marked insects were captured little. It would be​
​explainable by insects moving. The lifespan of this insect after emergence is thought to be 15​
​to 25 days​​(Hokyou and Nagamine, 1978)​​. The mean weight​​loss of the insects when they​
​were starved for 2 days were 0.13 g (40/120 dead) and that of 3 days were 0.16 g (88/120​
​dead). The insects in this area would damage approximately 100 g of agricultural leaves​
​every night.​

​The previous studies representing metrics and/or histogram did not deposit raw data.​
​A small p-value from the Shapiro-Wilks test only rejects the null hypothesis that the data is​
​not normally distributed; it does not actively assess the fit to a normal distribution. It is​
​crucial to deposit and share raw data to advance studies on intraspecific body mass​
​distribution (Supplemental Data 1).​

​The invention paid attention since entire fields of biology are connected to the​
​question of how a species breaks away from its previous modes of adaptation, expands its​
​range, flourishes, and then disintegrates​​(Matsuda,​​Suzuki and Ogata, 2020)​​. Our data​
​suggests a new site of invasive species.​
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​Figure 1. Intraspecific Body Mass Distribution of Beetles.​
​(A) Histogram of intraspecific body mass distribution of 1014 scarab beetles​​Anomala​
​albopilosa​​. Blue line is a theoretical distribution​​having the same mean and the same standard​
​variance with data. (B) Q-Q plot of  intraspecific body mass distribution of beetles. x axis is​
​normal theoretical quantiles and y axis is normal data quantiles.​
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​Supplemental Data 1​
​id,date,wight(g),mark,n,1,20240725,0.57,0,n,2,20240725,0.45,0,n,3,20240725,0.48,0,n,4,20240725,0.546,0,n,5,20240725,0.414,0,n,6,20240725,0.463,0,n,7,20240725,0.57,0,n,8,20240725,0.514,0,n,9,20240725,0.406,0,n,10,20240725,0.553,0,n,11,2024​
​0725,0.488,0,n,12,20240725,0.426,0,n,13,20240725,0.746,0,n,14,20240725,0.387,0,n,15,20240725,0.595,0,n,16,20240725,0.47,0,n,17,20240725,0.57,0,n,18,20240725,0.577,0,n,19,20240725,0.351,0,n,20,20240725,0.489,0,n,21,20240725,0.532,0,n,22,​
​20240725,0.52,0,n,23,20240725,0.617,0,n,24,20240725,0.581,0,n,25,20240725,0.495,0,n,26,20240725,0.321,0,n,27,20240725,0.483,0,n,28,20240725,0.451,0,n,29,20240725,0.461,0,n,30,20240725,0.633,0,n,31,20240725,0.356,0,n,32,20240725,0.603,​
​0,n,33,20240725,0.514,0,n,34,20240725,0.522,0,n,35,20240725,0.341,0,n,36,20240725,0.486,0,n,37,20240725,0.483,0,n,38,20240725,0.643,0,n,39,20240725,0.463,0,n,40,20240725,0.477,0,n,41,20240725,0.373,0,n,42,20240725,0.411,0,n,43,2024072​
​5,0.535,0,n,44,20240802,0.67,0,n,45,20240802,0.744,0,n,46,20240802,0.712,0,n,47,20240809,0.682,0,n,48,20240809,0.584,0,n,49,20240809,0.473,0,n,50,20240809,0.358,0,n,51,20240809,0.312,0,n,52,20240809,0.44,0,n,53,20240809,0.295,0,n,54,202​
​40809,0.402,0,n,55,20240809,0.489,0,n,56,20240809,0.626,0,n,57,20240809,0.467,0,n,58,20240809,0.486,0,n,59,20240809,0.308,0,n,60,20240809,0.407,0,n,61,20240809,0.349,0,n,62,20240809,0.32,0,n,63,20240809,0.354,0,n,64,20240809,0.327,0,n,​
​65,20240809,0.516,0,n,66,20240809,0.549,0,n,67,20240809,0.22,0,n,68,20240809,0.425,0,n,69,20240809,0.458,0,n,70,20240809,0.284,0,n,71,20240809,0.501,0,n,72,20240809,0.264,0,n,73,20240809,0.397,0,n,74,20240809,0.37,0,n,75,20240809,0.26​
​8,0,n,76,20240809,0.453,0,n,77,20240809,0.294,0,n,78,20240809,0.269,0,n,79,20240809,0.393,0,n,80,20240809,0.539,0,n,81,20240809,0.214,0,n,82,20240809,0.27,0,n,83,20240809,0.273,0,n,84,20240809,0.438,0,n,85,20240809,0.443,0,n,86,2024080​
​9,0.511,0,n,87,20240809,0.325,0,n,88,20240809,0.575,0,n,89,20240810,0.802,0,n,90,20240810,0.601,0,n,91,20240810,0.786,0,n,92,20240810,0.709,0,n,93,20240810,0.85,0,n,94,20240810,0.575,0,n,95,20240810,0.755,0,n,96,20240810,0.636,0,n,97,20​
​240810,0.66,0,n,98,20240810,0.924,0,n,99,20240810,0.873,0,n,100,20240810,0.657,0,n,101,20240810,0.826,0,n,102,20240810,0.772,0,n,103,20240810,0.695,0,n,104,20240810,0.797,0,n,105,20240810,0.82,0,n,106,20240810,0.816,0,n,107,20240810,​
​0.624,0,n,108,20240810,0.749,0,n,109,20240810,0.816,0,n,110,20240810,0.753,0,n,111,20240810,0.697,0,n,112,20240810,0.634,0,n,113,20240810,0.667,0,n,114,20240810,0.878,0,n,115,20240810,0.571,0,n,116,20240810,0.833,0,n,117,20240810,0.82​
​8,0,n,118,20240810,0.825,0,n,119,20240810,0.793,0,n,120,20240810,0.789,0,n,121,20240810,0.718,0,n,122,20240810,0.627,0,n,123,20240810,0.731,0,n,124,20240810,0.698,0,n,125,20240810,0.507,0,n,126,20240810,0.668,0,n,127,20240810,0.599,0,​
​n,128,20240810,0.815,0,n,129,20240810,0.759,0,n,130,20240810,0.588,0,n,131,20240810,0.673,0,n,132,20240810,0.726,0,n,133,20240810,0.779,0,n,134,20240810,0.898,0,n,135,20240810,0.7,0,n,136,20240810,0.805,0,n,137,20240810,0.903,0,n,138,​
​20240810,0.745,0,n,139,20240810,0.805,0,n,140,20240810,0.824,0,n,141,20240810,0.643,0,n,142,20240810,0.973,0,n,143,20240810,0.67,0,n,144,20240810,0.823,0,n,145,20240810,0.7,0,n,146,20240810,0.534,0,n,147,20240810,0.793,0,n,148,202408​
​10,0.605,0,n,149,20240810,0.605,0,n,150,20240810,0.676,0,n,151,20240810,0.603,0,n,152,20240810,0.692,0,n,153,20240810,0.871,0,n,154,20240810,0.903,0,n,155,20240810,0.763,0,n,156,20240810,0.542,0,n,157,20240810,0.728,0,n,158,20240810,​
​0.523,0,n,159,20240810,0.764,0,n,160,20240810,0.832,0,n,161,20240810,0.66,0,n,162,20240810,0.56,0,n,163,20240810,0.618,0,n,164,20240810,0.549,0,n,165,20240810,0.766,0,n,166,20240810,0.688,0,n,167,20240810,0.471,0,n,168,20240810,0.667,​
​0,n,169,20240810,0.604,0,n,170,20240810,0.682,0,n,171,20240810,0.48,0,n,172,20240810,0.957,0,n,173,20240810,0.683,0,n,174,20240810,0.719,0,n,175,20240810,0.551,0,n,176,20240810,0.703,0,n,177,20240810,0.597,0,n,178,20240810,0.74,0,n,17​
​9,20240810,0.74,0,n,180,20240810,0.705,0,n,181,20240810,0.623,0,n,182,20240810,0.669,0,n,183,20240810,0.857,0,n,184,20240810,0.525,0,n,185,20240810,0.663,0,n,186,20240810,0.752,0,n,187,20240810,0.663,0,n,188,20240810,0.644,0,n,189,20​
​240810,0.493,0,n,190,20240810,0.593,0,n,191,20240810,0.544,0,n,192,20240810,0.763,0,n,193,20240810,0.805,0,n,194,20240810,0.538,0,n,195,20240810,0.886,0,n,196,20240810,0.599,0,n,197,20240810,0.684,0,n,198,20240810,0.693,0,n,199,20240​
​810,0.509,0,n,200,20240810,0.391,0,n,201,20240810,0.48,0,n,202,20240810,0.545,0,n,203,20240810,0.875,0,n,204,20240810,0.588,0,n,205,20240810,0.858,0,n,206,20240810,0.511,0,n,207,20240810,0.727,0,n,208,20240810,0.804,0,n,209,20240810,​
​0.657,0,n,210,20240810,0.915,0,n,211,20240810,0.646,0,n,212,20240810,0.757,0,n,213,20240810,0.522,0,n,214,20240810,0.737,0,n,215,20240810,0.64,0,n,216,20240810,0.774,0,n,217,20240810,0.518,0,n,218,20240810,0.52,0,n,219,20240810,0.797,​
​0,n,220,20240810,0.641,0,n,221,20240810,0.647,0,n,222,20240810,0.575,0,n,223,20240810,0.772,0,n,224,20240810,0.668,0,n,225,20240810,0.582,0,n,226,20240810,0.558,0,n,227,20240810,0.611,0,n,228,20240810,0.608,0,n,229,20240810,0.579,0,n,​
​230,20240810,0.593,0,n,231,20240810,0.76,0,n,232,20240810,0.686,0,n,233,20240810,0.655,0,n,234,20240810,0.24,0,n,235,20240810,0.877,0,n,236,20240810,0.451,0,n,237,20240810,0.64,0,n,238,20240810,0.724,0,n,239,20240810,0.595,0,n,240,20​
​240810,0.676,0,n,241,20240810,0.628,0,n,242,20240810,0.771,0,n,243,20240810,0.633,0,n,244,20240810,0.867,0,n,245,20240810,0.595,0,n,246,20240810,0.584,0,n,247,20240810,0.297,0,n,248,20240810,0.709,0,n,249,20240810,0.657,0,n,250,20240​
​810,0.583,0,n,251,20240810,0.612,0,n,252,20240810,0.708,0,n,253,20240810,0.849,0,n,254,20240810,0.603,0,n,255,20240810,0.676,0,n,256,20240810,0.703,0,n,257,20240810,0.786,0,n,258,20240810,0.621,0,n,259,20240810,0.827,0,n,260,20240810​
​,0.671,0,n,261,20240810,0.805,0,n,262,20240810,0.611,0,n,263,20240810,0.624,0,n,264,20240810,0.74,0,n,265,20240810,0.558,0,n,266,20240810,0.556,0,n,267,20240810,0.458,0,n,268,20240810,0.67,0,n,269,20240810,0.773,0,n,270,20240810,0.898​
​,0,n,271,20240810,0.71,0,n,272,20240810,0.646,0,n,273,20240810,0.61,0,n,274,20240810,0.537,0,n,275,20240810,0.653,0,n,276,20240810,0.455,0,n,277,20240810,0.834,0,n,278,20240810,0.585,0,n,279,20240810,0.862,0,n,280,20240810,0.507,0,n,2​
​81,20240810,0.706,0,n,282,20240810,0.674,0,n,283,20240810,0.677,0,n,284,20240810,0.632,0,n,285,20240810,0.762,0,n,286,20240810,0.509,0,n,287,20240810,0.83,0,n,288,20240810,0.53,0,n,289,20240810,0.576,0,n,290,20240810,0.537,0,n,291,20​
​240810,0.76,0,n,292,20240810,0.591,0,n,293,20240810,0.741,0,n,294,20240810,0.656,0,n,295,20240810,0.587,0,n,296,20240810,0.594,0,n,297,20240810,0.756,0,n,298,20240810,0.55,0,n,299,20240810,0.899,0,n,300,20240810,0.549,0,n,301,2024081​
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