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Abstract. The effects of hexavalent chromium {Cr V1) on
ovipositional response, development. and survival of a com-
man terrestrial detritivore, Megaselia scalaris (Diptera: Phori-
dae), were assessed in the laboratory. Ovipositing famales did
not discriminate between substrates containing 10, 30, 500, or
1000 wafz, indicating a lack of avoidance behavior. Eggs
placed on artificial diets containing up to 1000 pg/g either did
not absorb Cr VI or were unaffected as measured by eclosion
rates, However, development and survival of larvae were sig-
nificantly reduced at the higher concentrations tested. Concen-
trations of 500 wg/g in their food increased larval development
times by nearly 653%, At 1000 jgfg, larval developmental times
doubled. The time required from onset o completion of pu-
pariation was not significantly different regardless of Cr VI
concentration. Although males eclosed before females, there
was no significant difference between the sexes in the ume
required for adulr eclosion. In addition, there were no signifi-
cant differences in the percentage of males and females emerg-
ing from any of the treatments. At concentrations of 300 or
1000 ppfa, Cr VI decreased larval survival. Survival was
reduced by 44,35 at 500 jgfp as compared with the controls.
There was no additional mortality from the onset of the pu-
parial stage to adult cclosion for larvae fed diets containing 500
pefe Cr VI AU LO00D pgfe Cr VI larval survival decrensed by
26.6%. An additional 7.4% morality was recorded in the
puparial stage, for a decrease in rotal survival (larval plus
puparial stages) of 94%. Thus. nearly all of the observed
maortality occurred during the lurval stuge rather than the pu-
parial stage. The population level implications of lack of avoid-
ance of contaminated food and the effects of increased devel-
opmental times and reduced survivorship are discussed.

Walter and soil contamination with chromium is a significant
worldwide problem (World Bank 2002. http:ffwww.world-
hank.orgfmipr/polmod_htm). Contamination is associated with a
variely of industrial processes, including chrome plating baths.
chrome colors and dyes. cement manufacturing. leather tanning
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agents, wood prescrvatives, anticomosive agents, welding
fumes, lubricating oils and greases, many cleaning materials,
and textile production (Kimbrough er af. 1999 Kotas and
Stasicka 2000} Chromivm occurs in several oxidation siates
with the two major oxidation states, trivalent chromium (Cr [)
and hexavalent chromium (Cr V1), behaving very differently in
the environment. Chromium 11, which 1% important nutrition-
ally lor animals, can form insoluble precipitates and behaves as
a hard Lewis acid (Wang er al. 1997). Cr V1 is highly soluble
in water and toxic (o both plants and animals (Zhang and Li
1987 Smith er al. 1989: Elbetiecha and Al-Hamood 1997).
Public concern is related mainly to Cr V1. since it has been
found dissolved in drinking water and toxicity is associated
with the oxidation of intracellubar compounds (Costa 1997,

Hexavalent chromium is known to accumulate in plants.
Concentrations in an aqguatic plant (¥efumbe nucifera) reached
2040 pglg dry weight (dw) in leaves and 3,170 pgfe dw in the
roots (Vajpayce er al. 1999). Chromium levels (specific form
not reported) in seeds of Eurvale ferox (an cdible aquatic planty
exceeded 650} pg/g, bioaccumulating from scdiment levels of
approximately 120 pglz (Rai er al. 2002). Even short expo-
sures allowed subslantial accumulations in plants. Alligator
weed, Alternantherg pliloxeroides, exposed to 10 mg'kg Crd3
for 3 wecks accumulated 214 mg/kg fresh weight (fw) in the
roofs (Naqvi and Rizvi 20004. The cancentration in cauliflower
roots exceeded 500 mg/fkg fw when exposed for one week w |
mg/l. Cr W1 (19.2 1M Cr) (Zayed er el 1998). Lettuce roots
also uecumulate Cr V1 (Peijnenburg ef af. 20000, but ransfer of
Cr VI from roots to leaves in several vegetable species appears
limited (Zayed er af. 1998; Peijnenburg er afl. 20000, In other
studies, some plants such as mosses concentrated Cr from
water even when the plant was no longer living {Gstoenner and
Fisher 1997). Thus, there is ample evidence for availability of
Cr-contaminated plant material in many ecosysiems.

Maost studies on Cr toxicity have been conducted on aguatic
arganisms such as brine shrimp (Madjispyrou er al. 2001).
Daphnia species (Kungolos and Aoyama 1993, crabs (Partuns
pelagicus, Al-Mohanna and Subramanyam 2001), and cravfish
(Procambarus clarkii, Bollinger et al. 1997). We found few
studies that examined the effects of Cr W1 on insects, and these
investizations focused on an aguatic species. Leslie er af,
(1999 studied  caddisflies  (Aydropsvehe  pelincidido:
Trichoptera} exposed (o chromium contamination {including
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hoth Cr ¥W1and Cr 1) of 922 = 102 mg/L.. They found the anal
papillae of immatures were damaged when exposed o high
concentrations of chromium. The anul papillae are ion-cx-
change organs that are responsible for taking up 1ons from the
water, ensuriny the hyperionicity of the insect’s body fuids
with respect to the surrounding aquatic environment. Papillue
damage is typically accompanied by reduced fitness of aftected
individuals (Yuoord 1994). Leslie et al. {1999 also found evi-
dence of bioaccumulation of Cr and physical abnormalities in
muny surviving caddisfly larvae. Thus, information on the
effects of Cr VI on insects is quile limited, and data on
terrestrial inscel herbivores and detritivores appear to be en-
lirely lacking. For our stody. we examined the effects of Cr VI
on a terrestrial insect in an arificial diet in order to ¢liminme
potentially confounding effects of plant defensive chemicals.
pollutant mixtures, and variable nutrition, We hypothesized
that despite the varation in routes of exposure between arthro-
pods in terrestrial and aguatic systems, ingestion of Cr VI by a
terrestrial arthropod would also have delelerious effects.

Materials and Methods

Megaselia scalaris

(Loew. ) {Diptera: Phoridoc), o small vellowish-brown phorid of nearly
cosmopolitan distribution, was selected as a lest organism. The species
has been found throughout Norths America and in Asia, Africa, and
Europe (Mainx 1964; Bobinsan 1975). The females copulate shortly
alter emerging 25 adults and oviposit soon thereafter (Mainy 1964,
Egrers are lad directly on the food, and larvee are capable of limited
movement within the host material. Lurvae of this species have been
reported developing on a wide varicty of host materials including dead
mammals and insects, and a broad sclection of decomposing plant
material (Tramble and Pienkowski 19791, Thus, this species [unclions
us i detritivore and 1= likely to feed on decaying organisms (plants or
animalsy contaminated with many different pollutants, including Cr
V1. Alter completion of the larval stage, the larvae pupariate (essen-
tially pupate within the last larval integument). At 27°C, larval devel-
opment averages about 7 days, and the pupamal stage averages ap-
prosimately 10 days: development is nat affected by short (LD:
12-12) or long duy photoperieds (LD: 16-8) (Trumble and Pien-
kowski 1979).

A laboratory colony was established in 20010 from adult fies found
feeding on an alfalfa-based diet (Mandeville er ol 1988) used for
anather insect species. The Mies were reared at a constant 26°C with 2
photoperiod of 16:3 L:D. For all tests, age of (he egas was synchro-
nized hv allowing groups of approximately 23 adult females from the
celony o oviposit on Fisher's Drosophida diev (Fisher Scientific.
Pittshurgh, PA, LISA)Y in Petni dishes for 2 h.

Hexavalemt chromium was dissolved in HPLC grade water and used
to make Brasephile diets (Instant Drosophila Medivm, Fisher Scien-
tific, Chicagne, IL) comaiming O (control) to 1000 pgfg Cr VI These
levels arc within the ranges found occurring in plants a1 contaminated
sites (Vajpayes er al. 1994), The blue diet provided excellent contrast
with the white eggs, white larvae, and vellow-brown puparia, greatly
facilitating counts. To achieve the desired concentrations of Cr VI
A.C.5-centified chromium treaide (Fisher Scientific) was sedally di-
luted and then used to hydrate the diel. All bioassays were maintained
at 28 & 2°C. ca. 75% RH. and a 1410 (L:} photoperiod with
fluorescem lighting. Tests were conducted [or ovipositional prefer-
ence, effects on egp hatch, development rate, and survival
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Ohviposition Stdies

Tu measure the potential for ovipastionsl preference or avindance of
contaminated food, were prepared dists using 0 (control . 300500, and
00 pate of Cr V1L Diets initally were dispensed into the bases of
Peiri dishes to a depth of 1.2 cm, A #9 cork borer was then used 1o cot
cylinders of diet (1.2 cm depth * 1.2 em diameters from diets with
each Cr VI concentration, These evlinders provided wmitorm shapes
and quantities of diet for oviposition. The diet cylinders were arranged
in groups of four in larger Petri dishes (2.2 cm depth = 7.5 cm
diameter), with pairs of controls alternating with pairs of cylinders
comtaining & single concentration, Each cylinder was separated by
approximately 4 em from all other eylinders. Approxamarely [0 pars
of Mies were introduced into each dish and allowed to oviposi for 1.3
days, Each concentration was replicated 10 times, requiring ca, 600
adult flies {or the test. At the end of the oviposition period. the
numbers of eggs on treaiment and control cylinders were recorded for
each dish by using a macroscope. All eggs were laid in direct contact
with a diet eylinder, None of these egs were used in any other studics.
Cwiposition preference was analyzed with the Wilcoxon Signed Rank
nonparametric procedure for paired comparisons (Star View 2001;
Tallamy et ol 1997 Vickerman er al. 20625,

Because of a known potential for insect eggs 1o absarh liquid from
ihe surface of the diet (Chapman 1975 and therchy possibly aequire
Cr VI an additional analvsis was conducted 10 determine whether
numbers of non-haching eggs differed with Cr VT concentration. In
arder to pet comparable Teplicates of cggs from o general source of
flies. an oviposition substrate was placed in the calony and adults were
allowed 1o eviposit tor 2 h. These eggs were then serially ransferred
10 the surface of Drosaphile diets comaining concentrations of 0, 0,05,
0.5, 50, S, and 100 pwglg O V1. The numbers of eggs eclosed after
12 h were assessed for eight replicates of 20 cggs per concentration.
These rates were compared against the controls by one way ANOVA
(P = (L05) (Star View 2001 ),

Development and Survival Stadies

Hexavalent chromivm-comarminated Drosophile diel was prepared os
deseribed earlier in concentrations of 0, 0.05, 0.5, 50, 300, and 1000
wefe. These diets were dispensed into one side of 75-m clear plastic.
divided Petri dishes. The larvae enther move to the surface or lefi the
food to pupariate (Trumble and Pienkowski 1979}, and the diet-free
side provided a preferred site for poparistion in our test, Each Peuwi
dish received 20 eggs, Additionally, poential confounding effects of
slowed eclosion or egg mortality were eliminated by removing any
ergs that had nat hatched within 12 b imean < 105, Eight replicate
PPetri dishes containing 20 eggs cach were tested for each concentra-
tion, lor a total of 960 eggs, The dishes were examined daily, and dme
and numbers of pupsra were recorded. The date of adult emergence
and sex of emerging adults were also recorded daily for each dish for
36 davs, at which time all individvals had completed development o
the adult stage or had died, Dicts remuined acceplable tor the length of
the expenment and were not changed, Surviving larvae werg never
observed to feed on dead larvae. This procedure allowed docementa-
tion of the larval development pened, the duration of puparial devel-
opment, and the ol (larval and puparial) developmemal tme. All
development and survival data were analyzed by ane-way Analysis of
Variance {ANOV A, £ = (0,05 level) (St View 20010, Perceniage dats
were transfommed with an arcsine sguare roo! transformation priot (o
analysis. As apprapriate, ANOYA was followed by a post hoc analysis
with Tukey's HSD to determine developmental or survival differences
hetween individual concemrations.
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Results

Ovipoesition Preference Studv

Female Megaselia scalaris did not show any preference or
avoidance of food contaminated with CR V1 at concentrations
up to 1000 pe/e (P values all = 0,14, overall mean = 645 on
control). No significant differences in celosion rate were de-
tected for eggs oviposited on control diets as compared with
any of the concentrations tesled (mean range 15.9-18.9; P =
0.15: ANOVA), Thus, either the eggs did not absorb apprecia-
e concentrations of Cr YW1 or the Cr V1 did not have measur-
able effects on this life siage, Regardless, eggs laid on Cr
¥ l-contaminated food could be expected o eclose in normal
numbers, at least up 10 concentrations of 1000 pgfp.

Development and Swrvival Studies

Larval development times increased significantly at the highest
concentrations of Cr VI (Fig. 11. Concentrations of 300 pg/g in
their food increased larval development times by nearly 63%.
A 1000 pgfe. larval developmental times doubled.

Development to the adult stage was similarly affected (Table
1). Concentrations at 500 pgle and above significantly in-
creased the time required to reach adult eclosion for both males
and females. However, this increase could be attributed to
effects occurring in the larval stage because lime spent in the
puparial stage was not significantly different between treatment
concentrations (Table 1). There was no significant difference
hetween the sexes in the time required for adult eclosion (P =
0,32, ANOVA). In addition, there were no significant differ-
ences in the percentage of females emerging from any of the
treatments (overall mean = 50.2%; P = 0.95: ANOVA).

At concentrations of 300 or 1000 pgfe, Cr VI decreased both
larval survival and survival 1o the adult stage (Fig. 2). Larval
survival was reduced by 44.3% at 500 pgfs as compared with
the controls. There was no additional mortality from the onset
of the puparial stage o adult eclosion. At 1000pg/e, larval
survival decreased by 86.6%. An additonal 6.4% morality
wus recorded in the puparial stage, for a decrease in total
survival (larval plus puparial stages) of 94%. Thus, nearly all of
the ohserved mortality occurred during the larval stage rather
than the puparial stage,

Discussion

Because M. scalaris larvae are not capable of substantial move-
ment, immatures are essentially restricted to the food selection
made by the adult female at the time of oviposition. Thus, the
lack of avoidance behavior by adults will resull in exposure of
offspring 1o Cr VI in contaminated sites. Becuuse of a long-
standling focus on toxicological effects of pollutants, only one
other study is available on hehavioral effects of chromium on
insects. Lefeart er al. (20000 determined that four caddisfly
species from four different genera did not lose antipredatory
detensive hehaviors when exposed 1o a mixture of Cr 11l and Cr
V1. Nonetheless, our study suggests thal additonal emphasis
should be placed on behavioral responses of insecls o generale
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Duration of Larval Stage (days)

] 0.05 0.5 =0 S(H 1080
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Fig. 1. Effect of various hexavalent chromium concentrations on time
to adult eclosion for Mepayelio sealaris. Bars (means = 5I2) with
different letters are significantly different wt the P o< 003 level
TANOVA, Tukey's HSD 1esi)

Table 1. Development times for pupa males anid females of Me-
savelia sealaris feeding on diets containing hexavalem chromium®

Mean davs w

adull eclosion

Copcentration of Cr W1 Mean days in the

(pefe) Males Females puparial stage
.00 M.2a 21.1a 2.7 a
n.03 19.2a 04e X
0.530 198 a M7 e 108
50.00 19.7a e Y3a
500.00 264 b ThOb 94u
1000.060 .00 RUREN T.2a

* Numbers within columns followed by the same lelter are not signif-
icantly different at the P'< 005 level, ANOVA,

a more complete description of the effects of chromium and
other metals on ecosystem ecology.

Relatively few studies are available on effects of toxicants on
population growth factors; Stark and Banks (2003) repored
that 95% of the literature they reviewed used mortality and
median lethal dosefconcentration as a toxicological endpoint.
The importance of Cr V1 on developmental rates underscores
this point, The observed increases in development time at the
higher concentrations would decrease the intrinsic rate of pop-
ulation increase and expose the remaining larvae to additonal
mortality from covirommental factors or predators, Such in-
creases in time for development would likely impact popula-
tion fitness in many natural systems becavse the availability of
food sources for the larvae are often wemporary (Trumble and
Pienkowski 1979), and extending larval developmental times
could exceed the suitahility of the Tood supply. Measurement
of potential cffects on adults was beyond the scope of this
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Fig. 2. Survival from ege hatch until pupariation (solid bars) and from
egg hateh until adult eclosion (harched bars). Bars (means = SE) with
different letiers are signaficantly different at the P < 005 level
[ANOVA, Tukey's HSD 1est) for survival within a category

paper, However, any Cr Vl-induced changes in fecondity, adult
longevity. or altered predation patterns would likely cfffect
population fitness,

We chose to work with the egg. larval, und puparial stages of
M. sealaris to measure elfects of Cr V1 across the entire
immature Jifespan. Studics of acute toxicity are undeniahly
useful. but can be misleading. For example, Canivet er ol
(20011 tested the osicity of Cr VT o larvae of two aquatic
insect species (Heptagenia sp. and Hydropsiche sp,), three
afquatic cruslaceans (Gantmarus sp., Niphargus sp., and Asellus
spo), and a snail (Physa spo. LC s were determined over 96-
and 240-h periods; 10xicity increased with longer exposure
times. However. the increased toxicity was not equivalent
across species. The relarive toxicity at 240 h as compared with
96 h increased twofold for snails, while chromium toxicity ©
various imsect and crustacean species ranged from 6- o 26-
fold. While the differences between dermal exposure to &
contaminant (as seen for aguatic invertebrates) versus oral
CXPOsUNS 103 contaminant {as oceurs with terrestrial hervivares
or detritivores) preclude direct comparsons of LO., values for
Cr toxicity. the general patiern of more accurate cstimates of
population level effects with longer exposures is evident, In our
study, concentrations of Cr W1 us low as 500 pg/e caused
significant reductions in survival. However, nearly all the mor-
tulity occurred in the larval stage as opposed o the puparial
stage, und no sex-linked effects were documented, so future
vestigalions with Cr VI with M. sealariy could reliably focus
on just the larval stage as a reasonable measure of potential
adverse effects,

Little is known reganding the effects of various forms of
chromium on insects. Such data are importunt because: 1) the
valent states of metals and metalloids have been shown o have
very differenl mmpacts on inscets (Trumble er o, 1998; Vick
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erman and Trumble 1999} and 2) insects occupy broud niche
dimensions in nearly every terrestrial and freshwater ECOsysIem
and are, therefore. responsible for u significamt amount of
energy transfer from primary producers to carnivores (Price er
al, 1974). Although the present study examined the effects of
Cr VI on an insect on an arificial diet in order 1o eliminate
confounding effects of plant defensive chemieals, pollutant
mixfures, and variable nutrition, future investigations that in
corporate these variables will be required before accurate pre-
dictions can be made regarding the effects of Cr VT on ceo-
system functon.
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