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ANSTRACT

The developmemal rates of Nebis antericoferns Carnyen aml N roseipennis

Revver were slietenmined i cightl constand temperatsires. N amertcoferns developed mie
r:'|||ic||y From rgg Lo adall than N ru.'.‘('ip(‘lmif‘_:ﬂ 18, 21, 24, 27, 30, and 493°C, bt theve was
e dlillerence a1 15°C [)q-\'t."upl'll(-nl wits pot cnln[llrh‘d ab 36705 Fiwe (l('\-‘l‘lllp!lll‘ll[“l thiresls-
old tesnpetature was cabealated 1o be aluit 1870 Bor bt species; degree-day ealeulations
snggest that three geserations per year are pralaiblbe for each species in Kentucky.

Names anf abundamt predators ionany agricul-
tura! habitats (Shepard et al. 1974, Trwin and
Shiepard 1980, Dinkins et al. 1970, Pitre et al. 1978,
Pimentel and Wheeler 1973, Benedict amed Caoth-
ran 1975} Nevertheless, the population dynamies
of most nabil species are net welt known. Possible
manipukation of these predators and futnre inchr-
sion in pest management stralegies require an an-
derstanding of their biononiies.

Aspects ol the bielogy and belhavior of many
uabid species were briefly deseribed by Uarris
{1928). However, deluiled developmental stiedies
smcler controlled conditions are lacking for many
wabid species. Our stady was wndertaken 1o de-
seribie belter the inflluence of lemperatire o soy-
vival midd developuent of Nabis americaferus
(Carayou) and N. roscipennis Renter, the Lo mnost
comnrou nabid specics insoybean and allalla ficlds
tn Kentucky (Braiman and Yeargan, unpublished
data).

Malerinis and Alethods

Laboratory colonics ol N, anericoferus and N
rascipennts were iniliated witls specimens enllect-
ed wear Lexinglon, Ky and aiutained as de-
seribed by Sloderbeck and Yeargan (1983) They
were led eggs of the tohaceo lmdworin, Heltothis
virescens (K.}, from a colony mnintained by mieth-
ods similar to those wsed by lgnolfo (1965). 13-
velopinental periods of N, amrericoferus amd N
roseiprennis were recorded lor cight constant tem-
peratlures: [5, 18, 21, 24, 27, 130, 33, and 36°C. Botl
species were rearcd concurrently at each lemper-
atire to minitnize variation in experimestal eon-
ditions that would prevent accirrate cammparison of
the twa species. A photoperiod of L.D15:9 was used
in all experiments. Relative lamidity was held at
or near 100% within Lhe rearing chambers,
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Adhelt nabids roan the laboedory colonies were
placed in enviromrental chiambers and allowed o
oviposit in green heans. Oviposition ocenrred at
the teriperatire at which sulseqonent develop-
ment was inemitored, except for the 15%C experi-
ment. Beeanse of the difficulty in obtaining sulli-
cient maubers of eggs at that tenperature, eggs
for e 15°C esperimient were oviposited by aduslis
held al ea. 24°C. Beaws conlaining eggs deposited
during a 24-h period were placed in 58-nl plastic
cups. Eacly cup was supplicd with a piece of damp
fiker paper or moist eotlon 1o prevent desiceation,
ad scaled with Paralihu AL Upon emergence,
mymphs were ransferred to dndividual, ventilated
59 -ml cups. Nymphs were fed daily with an excess
of tobacco brdworin eggs and supplicd with a sec-
tien (1-6G ¢m) of green bean or moist collon o
serve a5 3 muoisture sonree, Developinent was mion-
itened daily during the 21 and 24°C experiments,
aml twice daily during the 13, 18, 27, 30, 33, and
UC experiments. The date and tine that eacl
egg hatehed and nyiph melted, as indicated by
presence of exaviae, was estimated as the mid-
point of the periad (e, helween observations)
chiring which the event ocenrred.

Duration of developmnent al each temperature
was compared between N, antericoferus and N,
roscipernds amd between males and females of cach
species. Student’s ¢ test was used Lo test Tor signil-
icant dilferences.

Tlesnlis andd Discnssion

Beth N. americoferus awd N, roseipennis com-
pleted developient at temperatires between 15
and 33°C (Fable 1) The extreme temperalares (15,
18, and 33°C) had adverse eflccts, incliwling high
mortality and retarded  developinent, en both
species. A constant lemperatonre of 36°C proved
Gatal to all N, roscipennts eggs. While N. gmeri-
coferus {irst instars enmierged Trenn the epgs (38.8%
survival}, they did not snrvive hevond 24 1 at 36°C
AU ES, 21, 24, 27 30, and 33°C, N. americaferus
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Talte 1. Duration in dnys of the immatre singes of N, ameericaferns and Y. rescipennin

N. americaforus

N roscipeunis

- Slape —_— N
Tewp . £ £ 5K il R+ SE (n]
15°C Frg 314+ 02 (L 351 + 0.2h (91)
Tietar | 122 1 OMa (G2 1.1 L 03a (G
Instar 1§ LEg £ 0.9 ot 0.1 2 0.3h (49)
Ins1ar 1) 35 + hda ) 140 + 0.2 (40)
Tnstny IV 150 % U0 {21} 13.0 *+ 0.4h [63))
instar V 294 + 1.0y [§)] 246 + 06l {1
Testal
Nymiphal period RO + |.8a 81} 14 & LElL 1)
1-velogunental
perirnd 1161 + 35a (et Jee) W32 +21la JLC T )]
T30 g 209 + 0.1a {126) 26.7 + 0.1b (82}
Testar | 97 + (13a {73} 108 + D4l (58}
Tostar §1 86 4 00 {57) 78 £ 04a (40}
Tustar 111 LERER N (4w 84 + 042 {48)
Tnstar 1V RH 024 [S1}] 94 00 {47)
Fistar W AT 4 (b 5a (5 158 + 0.2a {36}
Trital
Ny mphiaf period 191 + 1w (33) 403 4 N5z (36}
Developmenial
peetiond T8 2 1.0 {1828, 17%¢) 5.9 + 0.5h (208, 16%9)
210 g 131 + thla (59 162 + ¢1h (60}
[nstar 1 46 ¥ {Lla [G11}] 58 + 0.1 {32}
[nstiar 1t A8 = la 19 46 £ 01k (4G}
Lastar A1) 41+ 0la (17} 45 + 01b {49)
tostar 1% 18 # 01a (45} 55 2 01b {42}
Tostar v 18+ Qla (A 92 + 01k (38}
Total
Nympdak pociod 52 + ¢ la [E1)] 202 + 0.13h [&1:1]
Precelapuiental 453 + 0.30
periinl ARG + Oa {1788, 2099} (2242, 16%99)
247 Frg 1002 01a (49) 128 + 010 (40)
lastae o 40+ 01a (19) 45 + 4.1h (33)
Tustar 1 AR E] (1) 18 +01b (33)
Tustac [IF 32+ 01a {40 41+ 01 11}
Tostat IV 33 + Dla {49 43 + 010 (2%}
lustar V 59+ 01 am 7.3 + 0.2b (27
Total
Nywmphal period 197 + 01.2a {39) 24.0 + 0.3 (27}
Develapmental
ericnd 206 * 02a (1784, 2299) 368 + 020 (1152, 169%)
2 Frg 73+ 0da (101} 10.} + 0.0b (16}
Instac 1 a0+ Ola {84) 41 £ 01b (96)
Instar 1} 24 + Ul {76) 31 2010 (901
Tustar 111 26 + Ola {74) 32 + 010 (88}
[IIETE Y 32+ 01a i}l 16 + 01 (87}
listar ¥ 54 % 0.2 (GH) 6.9 + 021 (B}
Teptal
Nymphal peeriod 168 &£ B (H8) 210 0.13h (83)
11evcluptnenlal
purrined ZAAF + )00 (30, 859 0.7 £ 04l {4143, 42%7)
W Fgr 5.7 4 Oda (61 45 + 0.1h {113}
Instar 1 29 + Ola (B9) 315+ 0L {103}
Tostar I 26 % Ul (i) 22 +901hb {100}
Tustar 111 29 £ W01 {65) 24 2 010 {99}
lastur IV A6 + la (62) 3z +0ll {98)
Iusl:ilr LY 5.0 + 0.2 (57 3.2 £ Ua {87}
T
Nyntpliat period 160 + 0.9a (57 16.4 + 0.1a {97)
Urvelopmental
pretiond 2.4 + 0.2 (3788, 2uree} 246 = 0.2b {6128, 36%2)
3G Feg 358 * 01a {237) 85 &£ 0.1b {173
Tustar 1 28+ 0.1n (] 45 + 024 {44)
lustar 11 20+ 1a (73] 31 203 24
lisshar £0E 22+ 01a {7 35 £ 04b 17
lusiar IV 23 + 0.la {62) 38 4 03b 13
Ihsiar V 41 0t {52) 6.3 + 09b (4)
Tatal
Nymplual period 132 + 0.2a {52} 168 + 0.1b {4
Developmental
poriod 9.6 2 0.4a (304e, 2209) 278 £ 1L (844, 19}

Means, wlthin a row, [oflawed by the same letler are not significamly different {P > 0.03).
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Fig. 1. “l-|uliullsllip helween temperature aued rate

of developisent of N amerlcaferus aud N rosetpennds
from cgg 1o adull.

developed significantly more rapidly than M. ra-
seipennis {Table 1). At 15°C, however, N antert-
coferus egps developed Faster than those of N, ro-
seipennts, while the nymplis of N. rosripenids
developed faster than those of N. amertcoferns.
Thus the total developmentat periods For e two
species at this temiperatire were not significantly
different (P > 0.05}. At 18°C, alhough the
uymplal period of development was not sigifi-
cantly different (P > 0.05) between the two species,
N. amerivoferus eggs completed developtment in
a significantly (P < 0.05) shorter period than did
those of N. roscipennis. Median developmental
tinres elosely approxiinated tnean duration of de-
velopment al all temperalures excopt $5°C. Nabis
americoferus and N, roseipennis roqurired lotal
ediat developmental periods of 113.1 and 114.0
ays, respectively, at that {emperature. At tem-
peralures below 30°C no significant differences
{P > .05} or consistent trends in developmental
tines Belween males and Temales of either species
were observed. Significant differences {I" < 0.05)
in developrnental times helween tales and fe-
males ol N. americoferns were nbserved at 30°C
{imales, 22 days; feinales, 23.2 «days) and 33°C
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(males, 18.4 days; females, 20.2 days). Botl sexcs
of N roseipennis required the same amounl of
time lo develop, exeept at 30°C {males, 24 days;
{ernales, 23.6 days). In all cases wlere dilferences
were ohserved, inales developed wore rapidly than
[einales.

Survivership of Hie eggs was fow at maosl lem-
peratares. The high mortalily was primarily due
to Tingal growth on the oviposilion substrale and
probably decs not accuralely reflect normal egg
maortality, Snrvivership during Lhe egg stage ranged
[renn O (N, roseipennis, 36°C) Lo 73% {N. ameri-
caferns, 27°C) The values for 1w Table | orep-
resent the tamber of individoals in the coliort that
survived to the completion of a given stage. In this
stucly, they also represent the nunber of individ-
uats beginning the succeeding stage. Thus, except
for the cgg stage, age-specilic mortalily can be
enleulated by comparing the number of individ-
vals cutering med compleling a given stage.
Nymphal survivorship was high al 1lie intermedi-
ate temperatures 21, 24, 27, and 30°C, with Trom
(3 to 81% of the first instars surviving to adult-
lioad. All stages suffered Ligh martality at 15, 18,
and 33°C..

Becanse nabid species determination is difficult,
especially {or the inmature stages, estimates of
seasonal popdalion trends often have lbeen re-
ported al the generic level. Furthermore, studies
ol predator abundance in anmeal crops have usu-
ally concentrated on population events within the
growing seasem for that erop, rather than {or the
enlire year {e.g.. Shepard et al. 1974, McPllierson
el al. 1982}, Fhercfore, reports of the number of
generalioms per year for particular Nabis species
are scarce, and usually have resulted from Feld
sttichies in pereniial agroecosystems, For example,
Sloner et al. (1975) reported that there were prob-
ably five generalions of bith N. americoferus and
N. alternatus Parshiley in alfalfa near Tucson, Ariz.
As described below, we used thie develnpmental
data from our study o estimate the number of
possible generations for N. americoferus and N.
raseipennis in Kentucky.

Extrapelation of the lincar portions of the tem-
perature-development curves (Fig. 1, 15-30°C for
N. roseipennts ancd 15-33°C (or N. americoferus)
aHowed estimation of developmental threshold
leanperatures for egg, nymphal, and tetal devel-
opimenl. These threshold temperatures were 11.9
{cge). 10.8 (nymphal), and 11.8°C (lotal develop-
ment) for N. americoferus, and 11.2 (egg), 107
(nymphal), and [1.0°C {total development) lor N,
raseipennis.

Tl average calculated thermal requirements
{Celstus degrec-days} for the temperatures 15, 18,
21, 24, 27, md 3PC were, respectively, 4298,
469.0, 3705, 3T0.8, 376.8, and 418.9 [or N. ame-
ricoferns (threshold 11.3°C), and 432.8, 531.3,
453.0, 168.0, 491.2, aud 467.4 [or N. roseipennis
{Urreshold 11.0°C) AL 33°C, N. americofertss re-
quired 403.6 degree-days to develop from egg o
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adall, The overall avernge thermal requirements
[or temperatures between 15 and 30°C were 473.9
degree-days [or N. roseipennis, and {or tempera-
tures between 1§ and 33°C, 405.7 degree-days lor
N. amcricaferus. Using the eafeulated threshold
temperatares for the two species as bases, the av-
erage mnuber of degree-days accumubaied cach
year for the past Four years (1980-1983) near |.ex-
inglon, Ky., ranged from 1,900 10 2,101 (threshold
11.0°C) and Trom 1,844 to 2007 (threshold 11.3°()
from January througly October. Onr unpublished
ficld data colleeted near Lexington, Ky., indicale
that development of the linal generation of both
species is campleted by the cued of October. When
an eslimate of the preoviposition periods of the
two speeics (8-10 days for ench species at 24°C) is
combined with the ealeulated  degree-days re-
quired W complete developument, tie resalting val-
wes inelicate that there are at Jeast three {ull gen-
crations per vear [or hoth species in Kentucky.
Ureliminary field studies in allalla near Lexington
are consistenl with these estimates (Braman and
Yeargan, unpublislied dala).

Terkins amdt Watson (1972) stuclied the devel-
opment of N alternafus at 28°C witloa 15 T phe-
tophase and 599% RIL AL thatl lemperature N al-
fernatus spent 6.5 davs in the egg dlage and
reguired an average of 16,1 days to complele
nymphal develogauent. Survival during the egg
stage was apprextinalely 79%. Hormehan et al.
{1976) observed an average nymphal duration for
T. vapsiforinis {Gennar) ol 18.0 days (males) awd
22 4 days (Females) at between 26 and 28°C, 60
ad 70% BRI with a 15 I pliotophase, Incubation
of the egg required an average of 7.6 days, with
3% survivorship. The average rate of dcvelop
ment of N. americoferus {egg, 7.3 days; nyinply,
16.8 days; 27°C7) therelore appears sinilar to that
of N. alternatus and T capsiformits. Nabis rosel-
pennis, however required longer to malure {cgg,
10.1 days; nymph, 210 days; 27°C) than did N,
americoferus (Table ), and likewise appears to
require a knger developmental period than N. af-
ternatus o T, capsiformis. Nabis roseipennis had
slightly lower mortality at 15 and 18°C, and much
higher mortality at 33°C, than did N. americo-
ferus (Talde 1); also, 3G°C proved mare detrimen-
tal to cggs of N. roscipennis than 1o those of N
ameriroferns. These observalions suggest that N
americoferus is best adapted 1o a dlightly warmer
range of lemperatures than that {or N. roseipen-
nis.

The: implieations of dillerences in sarvival and
developmental rales of N, aincricoferus aml N.
roseipeintis al cerlain temperainres are nol fully
anderstood. We liave observed that hoth species
will oviposit in alfalfa ficlds ncar Lexington, Ky,
as carly as the first week of March, Adults of the
final, overwintering generation of N americaferus
mature slightly earlier in the fall than do those of
N. rosefpeanis (Braman and Yeargan, mapubi
lishicdd data). The apparent adaplation of N, rosei-
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penatis o conler temperalures may Tacilitate the
completion of the final geueration ol the species
under antumni conditions each year. Allernatively,
dilleecnces in adaptation o temperature may re-
Neet hehavioral segregation of the two species
arnng thicrolabitats (c.g., relalively exposed ver-
sus shaded sites). Harris (1928) suggested that N
roscipennds adults prefer more shady situations
than does N. americoferus (= N. ferus). Dif{er-
ences in duration of developmeut may also serve
to separale Ure two species in time, thus reducing
palential competition,

" The data reported Bere are useful Tor predictling
the phenology of these common predators as a
function of temperature. This is an imporlant as-
pect of offorts Lo delenmine their impact on pesl
populations, beeanse itaklaws oue to determine the
degree of seasmmd synchirony with peentia! prey
papadations,
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