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Evolutionary Anthropological Hypothesis of Adolescent
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Abstract : This paper examines the phenomenon of adolescent subfecundity in humans and some great apes
from the perspectives of biological anthropology and evolutionary biology. Owing to their altricial nature, humans
require considerable energy and time to reach full maturity, and they exhibit a unique developmental pattern in
which the onset of menarche and the optimal timing for reproduction (i.e., pregnancy and childbirth) are misaligned.
Consequently, a period emerges during which reproductive capability is only partially realized despite incomplete
physical readiness. In this study, we review the developmental physiological mechanisms underlying subfecundity,
with particular emphasis on the immaturity of the hypothalamic-pituitary-ovarian (HPO) axis, incomplete hormonal
feedback regulation, and metabolic disturbances related to nutritional status and energy balance. We further discuss
the prevalence of this phenomenon by drawing on evidence from hunter-gatherer societies and research on great
apes. Additionally, by preliminarily analyzing the influence of life history variables—such as average adult female
body mass, age at menarche, age at first reproduction, and survival probability until age 15—on the duration of
subfecundity, we propose three evolutionary hypotheses: the growth-reproduction trade-off hypothesis, the inclusive
fitness enhancement hypothesis, and the beginner mate-search hypothesis. A comprehensive understanding of
adolescent subfecundity from an evolutionary perspective will require further research involving diverse populations,
including hunter-gatherers, as well as mathematical modeling within a biological anthropology framework.

Keywords : Adolescent subfecundity, Life history strategy, Mate-search hypothesis, Inclusive fitness hypothesis,
Evolutionary behavioral ecology
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7| B2 o | &9} 71 Al7to] E a3t Th3/d (altriciality) &
EolH1]. Iy EF FolAe A Ass dee 98
A A3 (8974, 24, o] F)7F vehd Fol= 4 717§
o gt 9 Ag] 37171 Bebystal, o]2 ?
o] W& dito] wEETh

ojgfgt Al7l= 27, o, AAF, 1 AR 2% 5
ohgRt AltolA BaEo] Yrh(2-6]. 53] HMA|} Q1
5 LT FEFAAE ol R 7S Hole A7
7F B% F3EH Yehdth7.8]. IS S01, ok=Z 7}t 22t
&) Abeb Aol Bxsl ZARE (IKung', T Ju/’hoansi)
FTHAY ALBlolAe B 27 d”ol 1554, A &4t &
gol 19542 oF 48704 9] Fu7]7} QUch[9]. W2t
o] g & AFE AR 2, 1Y s ¥ 2 F
o] ZEFP o= B3I oF 40%2] FRAAA A EAlrt
A Hd 339 o] ettt o] Fi Z stERK(Carl
Hartman)-& ‘273 FAo] 2E€5& st 321 stoj g,
AA-E 2o AES YAT FH] 7|17 S A
SFATH10].

g2 Ao A= o2 &3] ‘HAH7] B¢ (adolescent steril-
ity)’ B= ‘AAE7] W (adolescent infertility)” 522 &
2 497} BEH11-17). 22 of 717k $Hs) Beld
e ottt wEbA 2 A - BEQIFS AolAE 2l
7re] 27 olF 1~5d7t dojubs Fuligh, E43] Hig, &
g9 A o] Hjds FOoR Is) Aao] 7R 7 7HA] A
Zho] Ag= AR A4W7] F71A (adolescent subfe-
cundity)’o]gtal €AETH18,19].

olgfet Ful2e WA B WY AWIRAY A7}
AW SATH6,20211. Tel Ba7) E7hA4] 48
2ATE Ao 1At AFE EET & =22 olEE
B2d7] F7HAAE B AE AR Aol A ks,
Yot o] 8 W v wFESh AP AF 23 5= vt
Fog X3kA WA 718 B R E7HAA 717
7h ol wet E 7HR] 7HEA T S A kS AldkstAt

Fias

Spelets, ARHRY HTu 2 F)so] ofy FE3| %
GoHA] ot HalrAloA AP A S 2 E (luteinizing hor-
mone)¥} HEZX=35 22 (follicle-stimulating hormone) 2]
HH|7F 3] o] RO A] ghi=th. o] 2 Q8| W= ARt
e Higks =T WEY IEE 2SS A Z& F
vt Aej7h 2| &E T Alzke] AU AldsHRe] 714 24
FFe AA Ad2EZA & WSt gt Mg EE ¥55)
ARk, F714 28 F5= A8 2EEZA Hu FEo o
3 ukgAo] o} ghlgh Wk 2717 AR IR AR
Azbo] 2280},

B 7l 288 02 A ) Fa 428 B8 o)
2tk (Fig. 1). AR, HPO £& 53] Hu|=E A= s
2 EEH]$ 22 (GnRH, gonadotropin-releasing hormone),
GEASs 2R FAPYPs 2R, 2837 Z2ZH (prolac-
tin) o) Z2Eo] a8 XFajnl, oo} el FheEol
(catecholamines), ¢l o9l (indolamines) ¥ 71| o AE
2 A (catechol estrogens) 52 Fa ASHGER | 223t
th B4, ¢ Yollie dEAI T2 B o] AEZ A (B2:
estradiol)0] T2& 84 WAS Fxsto] 4T FAA 2
& ke BH, t=2 4 (androgen) 874 oA =
NAEEZ Y9 7|AE ZHgsht, =T A9 £AA
FEFS v|FIth AR, GaoA] BH|E= AHRo|lE T2
(B2, progesterone)¥} 213]4 (inhibin)2 AJAFSHEQ} Y5k
Alol| ¥z} vizt7]9F G2 7] Bt ANkE vew A E A
she, 53] QI5|HlE dEZA=T EZ FH| Ao Fa3t o
S @erh22-28].

e oA Fad E7HEAY ddE 24
F 7R R 4 Stk

AR, G<d] AR R 24 n]idso] ot Tl B
s 7] BAoloh 27 & 27] 1~29 53 oF Avl =
o A F717F Fojte g Bt o] w|&3 HPO
o2 Qe o AEZZS ¢ HEMo o3t FAHFAHZ
22 30| A= PR 7] wiEelth29). 1 A3,
Hijgto] o] foj2| 7] AL vito] HEjgtk 4| 7]50] &
FES AE FA7| =2 YEhdt30].

A, A% deiet 2B A, B A Al osf AlA|
o] ol MA Uehve 7152 B 7182 A Aol
ok R4 Agolu W2 AAFER Q1T FHAH 2EYH A
Aol A= AR AAMASZEERH S22 2H]7t
AA= o] 753 AdstEAg FE7o] yepdtt ofjgt A&
e A&RAF, B3t tho]ojE, AT @5 22 IS¢
22 golA F2 Usum], AEH A iy AlF 3E A

¢

"Kungol Al " & 50| AHgSHE doldl IKungold] F2Hg-E Edith
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Fig. 1. Feedback regulation of the hypothalamic-pituitary-ovarian
(HPO) axis in females (Adapted from Tammasse & Tamrin (2023),
licensed under CC BY). Stimulatory effects are shown by plus
signs; negative feedback inhibitory effects are shown by minus
signs. Estrogens and progestins exert both negative and positive
feedback effects on the anterior pituitary and hypothalamus de-
pending on the stage of the ovarian cycle. Inhibin has a negative
feedback effect on the anterior pituitary, whereas activin has the
opposite effect, stimulating FSH secretion by the anterior pituitary.
CNS, central nervous system; FSH, follicle-stimulating hormone;
GnRH, gonadotropinreleasing hormone; LH, luteinizing hormone.
The feedback mechanism gradually matures during adolescence.

sj=E 2 Qleh31]. B, HlRkol U} A&l AR 2L o
A o4} A= NS HsleA] &9 7158 mekA)]

& e A4 3718
F4 F3F (Polycystic Ovarian Syndrome,
23 Jel olold 4 ITH30). £ 27]
7 (Primary Ovarian Insufficiency, POI)o|u} |3}
A Fok e 1277123 Age TFECH29-31].

A= oleig waleishy THL Paur)o] Tt}
da 7)e A 9t AR nds A, S uig 7l
o] HAA 3k B o= A7 30]. oS THL AA
FZoA 2 24 Y2l (proximate cause)S FHH= dl= &
T o) Aek, Q7S WA 9f Folut Mol w2t &b
A4 717t0] GRRIEAE A7l A7} ek AA|
2 3 A7) o5, A4 AF AUE F UNE 24 ¥
2 o o|of, AR o] 27 oldoE &3 2R gE
ol A/t BEHGITH32). MHE BA) BEE 23
2|19 STF ol Bast At Ap-HA] ob& 4 A
EZGHE ojn] 19 | o)At wijst I 7]X% < 235H7) g
o TR Ae)F heloR | BE TGE/}F 4 o)A} H)
g iglok Bt AL WA ot

l-

£

N
o)
z fllo

27 BE R PR gEHE 44 4% Aw7t U
Ef ool dalat F4to] o] A] = 717k Tk
3 ZG5, 59] GEROA UEhte BEA d4olnt. 204

7] 4ol A& BAEHUI(33], o|F 7, vFFE (Macaque),
WA, 1gets o= o I 2 AY A7 B3l <
| M= fAkeE @A4to] vebdths ARo] AIQEE lTh 6]
(Table 1).

X‘J“XH 3%, =8l (Gombe) ¥ v} (Mahale) X <]
oY B2 AL AN 2tz Bt A4 A% AT 1094
(FE £ n=49), F247] E7F 717 29378 (n=26), A
24 98 13.534) (n=22)7F EEH34,35]. 2Pt
73, 7F] &7 (Karisoke) A H <] oy 7A|of et B2k A
TFolA Hat A A% A8 704, 27HIA 717 24 0704,
A 24 A% 10 (n=8)7} 7|5=TH36,37]. L&
o] 7, &% 9 (Tanjung Putting) 2% 2} o 7HA| | A
B A AL A8 1094 (n=3)et 47| 2719 7|7
168718 (n=7)°] Ei1520[3839], 71 ZU50]o] H$
3123 o 55 F¥ (Howletts Wild Animal Park)ol 4] A}
& NAE ddo = Hat A s A% 704, £7144 71
7F 3417049, A &4 A9 994 (n=8)7} FlEQITH40].
np7tE9] A9 oF 2. 540 27 SHAT Hdt A 4 A
2 3~6WolTH[10]. 974 Hat A A4 ABL €4S F
£ 529 A 27, 2184 ¥ F A A AHES 9n
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2e}H[20].

=Y T7HAA 71E QAR FF =20 A FeEH
= ASE HQlth oy ol Hls|A AR S04 o
£ RAA7ZIE Hth41-45]. v]& E7FUA) 717bo] o et
ARS o] et 2 AfolE HolA Y=the FHE oy
[46], Thp9] AFoll A= ARS AEjolA Bt wE WA 7S
/do] ERIEIH. tEA oz oY MWA= 11~13A41 56
13~15A17A] E7FAAd 717be] A&GEA|RE, AR A=
8SAIFE 10~11A71A] oo x|H[20], EE5E a5 &
SR TE, Bt 1137099 F-2 7144 717 B2l A
= Joh47].

995 A%E 4
w[48], 32R]) ZAUAL o] ZEe
Fol4 © 2olA =
YoIHE A Ate AF g AR =
t}H49]. o5& A7 ZA%A A= (sexually antagonistic selec-
tion)o]2ta ¥t} & 75t AAEo® Qs AR A=
oL A= AANEE FrHH, tebi 43S e dvA &
Fol © Fojuof stEE WA] A]7|7} =ojZth= Aol 1
gt olz|gh A2 ¢ ¥4 Al7] AA|I7F AHA o2 A Ax
2| ka1, F7FAA 717 S Y Aol ¥Alo SE=A]

of thgt A

fr
ofj
=l
ol
:?L_‘,
o
—?i"
R}
P
St
=

3. QiZtm} felde| HwE S8t HAHT| EIHAUHY
r.S

53] e o 2dF0 vlsiA =55 IEE EAE
Bt AW 7] F43% (adolescent growth spurt) 1], ©]
= 27 AR FA G4l E4 Aol AelstA vyeiute
d HAH o2 17~18X7} Elojof &4+ ¢
I s 9 SRE AT A A ol gEREHEH, 2
o} webA, A4l Sk 2
S AHANE o= F= YAl 7Hs
HoH50]. 224 g Follde A
o] TAER] ¢=T}[37,51].

«
2}
LA

o,
Mo
o
I
kv)
o)
Em)
R
2
ne,
2
e

AoAL Aol 7|9kt 414 EFol=ex 7o 9
sHH, A7) M AAA R ke Al St
Aol A SR A S5 EEAFIALS2], HAAH LR of
Hy Qe FHlehiL, 2R FAS diF] J=sie o
Sohs 7IZte R SfAET(S3). ol dE2 A7 A
A Y=g AT AR ojsfE = Jloih i 18
Al o]F o] daE Foll= T 7MY Aol SA TR H
A @3 27HIA A71E FASoF steAl ol it A4l F
23| YA =t

o, ZEA= 4 MOl s, &74d 712 &

TAET| EordYo| Tlst 73

= =251 A S5 T 1 AREE wole
ojt}. IA obH ] KA 71/ (absent father hypothesis)
o |7} §li= ol S oA B WA A7]7} Hekxl
ok A oLt(54], T AolME oFHATL fl= A%
oA o] FAo] A 7FsAdol FobA 4|77t olE 5
A S50l FolE= 7H7E WolA|aL, 1 AR 23] 27]
WAL Hesp 2 4 ek FRRTH53]. T2l o] 714
o }2H, Ao gl A¢ E7HUdo| TS E ofof sh=t,
233 FAE oFF] ERIERA] gttt

E3L, 282 & g2 714 (beginner mate-search hypoth-
esis)ol] W2H, J2W7] F7HAAE AFE7] of4do] 44l 7t
T4E FASHAAE 27] Fofl 7|17F 52t Theket FA A i
SRS W 7|38 Shest) It WA Aslol(21)
5, YA W A S (signa)E HWHAE AEA A
AAAASZN, 79 §44 B4, W5 A, AHEA A
5= B7FE 4= Sl el 717} (grace period)’& S}
o 2] oA} A1 W o) 71315 TANZ 5 ek,
of TRchE 7S B B oA} AE @ 2w 7]
FFAF(Optimal Mate Identification and Breeding Oppor-
tunity Enhancement)®] 0|52 +& 4 & A o|t}. ESL,
o]Egt 29 G| 7]7k(grace period)S 732 TS AR
SHe FolH 94 gt ol BE A4 F5HE Bl
Aol A4l HAS ¢ 55H0R 28 ¢ IS it

AA 2, QF A A (multi-male mating systems)E Ho|=
FHMA L B]H|¥50] (baboon) oA &7k 717te] B 71
S Bk EBE, A WA HEE A Sk o
gelA T 71 743 717ke] vehdth21]. 22, 39
G A7} o] R0l = AR UAA M= FHe] 27 W
21710 Rt &l wheh A4o] AE TR, & WA AR
L7b A g o Uk o] B¢ AR 2t Aol A sH
A= & A F7re SRS 71 SRS e d4lo] &
W A] o= TR 717F UEhd 4 Stk ol S0, ’ gt
EZX(Diomedea exulans)$t o] 4 AL & FoA=
Toff 717ke] 4 oo ' ZojR|= AH|7F EaETh[55].
ZFol|A] ol 717k Y BAF o A BAE Hol
<, 7] Fol-7 foF Y e oY F& vlug o
TollA dHHAQl FFe = yehdtt BhHe dRTAA 5
& A0l Fotof| Fofsir]| e T2 ™ol =g &
Sdlloly o 2] T8 F2 yehtar toff 717te 1
T o|th[56].

ThoF AR BAoA E7HdA 717te] A A
=5 93 234 FHolapd, ohut eyt A BE, 7|
T, AA7] AA Foll WA &7 717 e 7 2
o] =2 7WA| Zt Ato|7F Uehd A olth(Table 2) [57]. o
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Table 2. Adolescent subfecundity and life-history traits across hunter-gatherer populations

Tribe Average adult size Age at Age at ﬁr_st Adolegcent Prgbability of Life expectancy
(women, kg) menarche reproduction subfecundity (year) survival to age 15 at age 15

Ache 537 14 17.7 37 0.68 50.4
Aeta 38 13.8 18.7 49 0.33 273
Agta 403 17 20.14 3.14 042 334
Baka 444 14.5 18 35 - -
Batak 40.8 14.6 18.7 4.1 0.51 29.5
Gainj and Asai 38 184 25.7 73 0.69 29.7
Hadza 48 16 19 3 0.58 44
Hiwi 49.7 12.6 20.5 79 045 36.3
Ju/’hoansi 422 155 19.5 4 0.6 415
Pumé 129 155 2.6 0.5 -
Toba 64.2 12.8 17.8 5 - -
Tsimane 51 139 18.6 4.7 0.76 412
Turkana 48.9 16.5 222 5.7 0.76 46.6
Walbiri 45 14 17 3 - -
Wichi 62.3 129 16.2 33 - -

Average 47.6 14.7 19 43 0.6 38

S.D. 82 1.8 25 1.7 0.1 79

This Table presents adolescent subfecundity data (calculated as the difference between age at first reproduction and age at menarche), along with life-history
traits such as average adult female body weight, probability of survival to age 15, and life expectancy at age 15, across 15 hunter-gatherer societies. Growth
and life-history data are primarily adapted and modified from the table presented in [58], which recompiled and supplemented data originally reported by

Walker et al. (2006) [57].

THARAE ] oAt I G dlolElE Fste] HEhR
Agt A9] ou] Aol w2 (58], Bt A A AF
o 27FAA 717E 2ol AR ko] AEEA (r=0.8473,
p=0.0089)7} YRt} ol & E01, 3] 91Z (Hiwi) B Al
Fo] 49.7kgol™ E7FIA 7170l 7.9 WHH, o} 1EtE
(Agta)Z B AFo] 40.3kgoll E7H44d 717k] 3.14d0]
Act.
I5AI71A) 9] BE S5} 7194 712t 2telle S A=
o) Fol A (r=0.6388, p=0.0765)7F YeEHSIT. o=
Fd7] AE 8] g2 FELFE Fad 748 71kt
o] tha: ZojA| = HFE AARSt=, Aot o] 29 Al
A o] A -] BE g8l 2 AS ANHAA Hof A
o] =& A4 XS EFE 7FsAC] UsE dAR AE
E0] OFHIZ (Ache)& 15417121 9] A€ gHE0] 0.68¢] HHH,
At (Tsimane) & 2&°] 0.76%1H, =714 712
< 223749, 4730t o= 2EA A gAY 7HE oS
T YAFH= Aot WH, 154 o] 7t 71U
717k 7kl okt &9 AEA (r= —0.2995)7F B
o, ol 2BA & 24 7Hd 9] A&t e ARE
Hojzrh. ofu] AT ) 157 £=9| golg, 181 7

FELE 9~ 107 £Z29| dlojeto] Efsto], ezt o=

2 AL 27189 A2 $43} HAjo] Basie 53 4
A 5 AR AA, YA olFH S, ol B4, B
F A 91 B4 Fa} 5% So) B ARE ustel B
o AUt 478 1T Bast gt
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& Aol el 454 LY, 54, o
AIAVE 7b9) 2743 24 744 v|aE Bo) ALl
o] HAE 93 L°—J+9¢fg¢ et

A, Az §o1e] A7) B A7E B9, 9 W
oy, 4818 BEAG, AR Wk 718 3k] Folo] gl
H3E ARsH=A FAT 4 k. AE Sof, WA A
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