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The zebrafish (Danio rerio) and the medaka (Oryzias 
latipes) are among the most common fish models in 
many fields of scientific research1,2. Consequently, 
the biology, physiology, development and molecular 
genetics of both species are extremely well character-
ized. The increasing use of these fish in research over 
the past several decades3,4 has led to a growing effort 
to collect basic data on the biology of these species as 
it relates to their husbandry and management5,6. This 
is especially the case for zebrafish; recently published 
studies on aspects of larviculture7,8, nutrition9,10, 
growth rates11 and reproduction12,13 have been impor-
tant first steps towards a scientifically based standard 
for care and management for this species in research  
settings. Many of the most elemental and routine 
methods for husbandry and aquaculture of both  
species, however, have yet to be described in the forum 
of peer-reviewed literature14.

One basic biological trait of both the zebrafish and 
medaka that has not been formally defined is gen-
eration time. Both species are frequently character-
ized in the literature as possessing a generation time 
of 2–4 months2,4, a “short time to sexual maturity” 
that is touted as a major advantage of these models.  
A detailed timeline that includes formal documentation 

of the point at which it is possible to successfully obtain 
a substantial amount of viable embryos from spawning 
events has yet to be published for either species, how-
ever. Both fish species can be easily maintained together 
in the same aquaculture system15, but a comparison of 
their maturation in this context is needed to facilitate 
the joint housing of these species.

We reared zebrafish and medakas under identi-
cal conditions and holding densities standard in our 
research aquaculture facilities at Children’s Hospital 
Boston. Upon onset of sexual maturity, we evaluated 
reproductive success and viability of offspring. The 
goals of this study were to establish a timeline of repro-
ductive success in both species and to show that it is 
not necessary to establish separate housing facilities for 
zebrafish and medakas to support research projects that 
use both species.

METHODS
Animals
We selected representative wild-type strains of zebrafish 
(AB strain1,16) and of medaka (Cab southern strain17)  
for use in our study because of the prevalence of these 
strains in the published literature. We obtained the 
AB zebrafish embryos used in this study from a group 
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The zebrafish and the medaka are both important model organisms in biomedical 
research. Both species are frequently characterized as having a generation time of 
approximately 2–4 months, but the precise onset of sexual maturity and the variability 
of reproductive success with age have not been previously examined. The authors 
studied reproduction in replicate groups of wild-type zebrafish (strain AB) and medakas 
(strain Cab) that were maintained together in the same aquaculture system. Length, 
weight and survival of the fish were measured and recorded once per week. Reproductive 
success and viability of offspring were also evaluated. Both zebrafish and medakas began 
producing viable embryos within 60 d post-fertilization. These findings show that it is 
possible to successfully maintain populations of both species within the same research 
infrastructure without compromising reproductive success or embryo viability.
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spawning event involving approximately 100 fish 
from the breeding population maintained in-house 
at Children’s Hospital Boston for  >20 generations5. 
We obtained the F2 generation of Cab medaka stock, 
derived from stocks held at Karlsruhe Institute of 
Toxicology and Genetics (Germany), from the lab of 
Matthew Harris (Children’s Hospital Boston, Boston, 
MA). We collected medaka embryos directly from 
four 6.0-l holding tanks containing a population of 
approximately 100 adult fish. The use of the animals 
was approved by the Institutional Animal Care and Use 
Committee at Children’s Hospital Boston.

Husbandry
At 1 d post-fertilization (dpf), we divided zebrafish and 
medaka embryos into five replicate groups of 20–22 
individuals and incubated them at 28 °C in 50-mm 
petri dishes until the occurrence of gas bladder infla-
tion, the developmental milestone that coincides with 
exogenous feeding in both species18,19. At this point  
(6 dpf in zebrafish and 9 dpf in medaka), we trans-
ferred the larvae to 1.8-l holding tanks, and housed 

one replicate group per tank, at densities of approxi-
mately 11–12 fish per liter. We then placed the tanks 
on an eight-rack, centralized recirculating aquaculture  
system equipped with a fluidized-bed biological filter 
with a filtration capacity of 170 l/min (Aquaneering, 
Inc., San Diego, CA). From 6 dpf to 9 dpf, zebrafish were 
maintained in static water and were fed Type L salt-
water rotifers (Brachionus plicatilis; Reed Mariculture, 
Inc., Campbell, CA) ad libitum. Water quality condi-
tions (pH, salinity, total ammonia nitrogen, nitrite and 
nitrate levels and temperature) in the zebrafish environ-
ment from 6 dpf through 9 dpf were the same as those 
reported previously7. After 10 dpf in zebrafish and  
9 dpf in medakas, we reared the fish in accordance with 
standard feeding and water quality management proto-
cols used in research aquaculture facilities at Children’s 
Hospital Boston (Table 1). These protocols were origi-
nally developed on the basis of current understanding 
of zebrafish biology and behavior5. We monitored water 
quality conditions for zebrafish and for medakas begin-
ning at 10 dpf and 9 dpf, respectively, through the end 
of the study (Table 2).

TABLE 1 | Rearing protocols for zebrafish and medakas

Species
Developmental  

period Diet Feeding frequency Feeding times
Water exchange rate  
(tank changes per h)

Zebrafish 10–30 dpf Artemia salina  
nauplii & metanauplii

3× daily ad libitum 8am, 12pm, 3pm 4–6

Medaka 9–30 dpf Artemia salina  
nauplii & metanauplii

2× daily ad libitum 8am, 3pm 4–6

> 30 dpf NRD diet 1× daily ad libitum 12pm 4–6
Artemia salina metanauplii were enriched with Rotigro (Reed Mariculture, Inc., Campbell, CA). NRD diet (400–600 µM) was obtained from INVE Aquaculture, Inc.  
(Salt Lake City, UT).

TABLE 2 | Water quality conditions for zebrafish and medakas

Parameter Value (mean ± s.d.) Testing method Testing frequency

pH 7.48 ± 0.13 SCADA 3000 Continuous

Conductivity (µS) 1821.59 ± 74.11 SCADA 3000 Continuous

Alkalinity (mg/l CaCO3) 57 ± 15.10 LaMotte kit Monthly

Hardness (mg/l CaCO3) 183.75 ± 13.91 LaMotte kit Monthly

Dissolved oxygen (mg/l) 7.98 ± 0.62 LaMotte kit Monthly

Carbon dioxide (mg/l) 2.25 ± 0.65 LaMotte kit Monthly

Phosphate (mg/l) 2.0 LaMotte test Monthly

Temperature (°C) 27.77 ± 0.32 SCADA 3000 Continuous

Total ammonia nitrogen (mg/l) 0 LaMotte kit Weekly

Nitrite (mg/l) 0.05 LaMotte kit Weekly

Nitrate (mg/l) 3.33 ± 2.45 LaMotte kit Weekly

Water exchange rate (tank changes per h) 4–6 n.a. n.a.

Water exchange rate (daily % of total system volume) 10 n.a. n.a.
The SCADA 3000 kit is manufactured by Sensophone (Aston, PA). The LaMotte kit is manufactured by LaMotte Company (Chestertown, MD). n.a., not applicable.
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Growth and survival
Once per week, beginning at 6 dpf in zebrafish and at  
9 dpf in medaka, we removed each tank from the system 
and photographed it from above with a digital camera 
(Lumix LX4; Panasonic, Secaucus, NJ). We subsequently 
analyzed the photographs with Photoshop CS4 software 
(Adobe Systems Inc., San Jose, CA). We measured the 
total length of at least ten randomly selected fish from 
each zebrafish and medaka replicate group (from the 
tip of the snout to the tip of the longer lobe of the caudal 
fin) by analyzing the photographs using the software’s 
‘ruler’ function. We then averaged the lengths for the 
ten fish for each replicate group. At the end of the study, 
we calculated the specific growth rate (SGR) as the per-
cent change in length per day of each replicate group 
over the study period. We subtracted the average initial 
length (measured at 6 dpf for zebrafish and 9 dpf for 
medakas) from the average final length (measured at  
85 dpf for zebrafish and 88 dpf for medakas) and divided 
by the number of days (79 for zebrafish and medakas): 
SGR  =  ((ln final length – ln initial length)/number of 
days) × 100. To determine the survival rate, we counted 
all the fish in each replicate by analyzing the photo-
graphs using the software’s ‘count’ function.

At the same time that the tanks were photographed, 
we also weighed the fish in each replicate tank each 
week. We poured all of the fish from a given tank into a 
net, removing the excess water from the fish and net by 
gently shaking the net three times. We then transferred 
the fish to a clean tank on a previously tared balance 
(Scout Pro; Ohaus, Parsipanny, NJ) to determine the 
total weight of the fish in the tank. The total weight was 
then divided by the number of fish to give an average 
weight per fish for the tank.

Onset of sexual maturity
We visually inspected the fish each day to determine the 
onset of sexual maturity. In both the medaka and the 

zebrafish, males and females are readily distinguished 
by differences in body shape18,19. Females of both spe-
cies have a more rounded body shape when they are 
ovulating. Additionally, medakas have sex-specific dif-
ferences in dorsal and anal fin morphology that can be 
used to visually determine sex19, and female medakas 
will frequently have clutches of eggs attached to the ovi-
duct pore after spawning19. The sex of zebrafish can 
also be determined reliably by differences in pigmen-
tation20. The time of onset of sexual maturity for the 
whole species was defined as the point (measured in 
dpf) at which the phenotypic sex of greater than 90% of 
the fish in each replicate group could be readily deter-
mined. On this day, we again counted and weighed the 
males and females in each group separately.

Spawning trials
At the onset of sexual maturity, we randomly selected 
five zebrafish of each sex from each replicate tank and 
set them up in pairs in standard mating cages (Aquatic 
Habitats, Inc., Apopka, FL; Fig. 1), yielding a total of  
25 crosses. Plant materials were provided in each 
zebrafish breeding tank because previous analyses 
have shown that females prefer to oviposit in vegetated 
areas21. We placed the fish in the mating cages in the 
afternoon, and they remained there until noon on the 
following day, at which point they were removed and 
returned to their holding tanks. If crosses were success-
ful, we collected embryos from the bottom of the outer 
chamber of the mating cage, rinsed them with system 
water, transferred them to 50-mm petri dishes (Fisher 
Scientific, Suwanee, GA) and incubated them overnight 
at 28 °C. We repeated the spawning procedure once per 
week for 5 weeks.

Medakas will readily spawn in their holding tanks, 
unlike zebrafish, which only spawn sporadically in their 
holding tanks, making timely embryo collection dif-
ficult. Medaka females will deposit fertilized embryos 

FIGURE 1 | Zebrafish standard mating cage. Zebrafish were bred 
in a static water mating cage (1.8 l), with a breeding insert 
positioned diagonally to provide a shallow area for spawning. 
Plastic plant-shaped material was provided to enhance 
reproductive behavior.

FIGURE 2 | Medaka in-tank spawning setup. Medakas spawned 
in their housing tanks. Plastic plant-shaped material was 
provided as a substrate for deposition of embryos.
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directly onto plant material or on the tank bottom19. 
At the onset of sexual maturity, we placed plastic plant-
shaped material (giant asparagus fern; That Fish Place, 
Lancaster, PA) directly into each of the five replicate 
medaka rearing tanks in the afternoon (Fig. 2) and then 
removed it at noon on the following day. Plants were 
removed from the tanks, and any embryos adhering 
to them were rinsed off with water into 50-mm petri 
dishes. Embryos deposited on tank bottoms were col-
lected with a transfer pipette (Fisher Scientific), trans-
ferred to petri dishes and rinsed with conditioned water 
from an off-system source. We incubated the embryos 
overnight at 28 °C. We repeated the plant placement 
and embryo collection procedure four or five times per 
week over a period of 5 weeks. If the procedure had 
not been carried out on the previous day, all embryos 
were removed from the tank prior to the placement of 
the plant material, so that each collection would reflect 
embryo production for a 24-h period.

We inspected each zebrafish embryo clutch at 1 dpf 
under a dissecting microscope (Leica Microsystems, 

Wetzlar, Germany). We photographed the zebrafish 
clutches from above with the Lumix camera and 
 subsequently counted the numbers of viable and non-
viable embryos in each clutch using the Photoshop 
software ‘count’ function. All 1-dpf zebrafish embryos 
that were developing normally and at a rate that would 
be expected for embryos incubated at 28 °C were con-
sidered viable22. We calculated the proportion of via-
ble embryos out of total embryos in a clutch and then 
averaged these values to provide a measure of overall 
embryo viability.

We inspected each medaka embryo clutch under 
a dissecting microscope immediately after collec-
tion. We counted and assessed the viability of medaka 
embryos manually. All 1-dpf medaka embryos that 
were developing normally and at a rate that would be 
expected for embryos incubated at 28 °C were consid-
ered viable23. We calculated the proportion of viable 
embryos out of total embryos collected from all tanks 
on a given day as a measure of embryo viability.

RESULTS
Survival and sex ratios
Survival for zebrafish at the end of the study period 
ranged from 86% to 100% among replicate groups, 
whereas survival for medakas was 100% in all repli-
cate groups (Table 3). The percentage of zebrafish that 
was female ranged from 38% to 60% among replicate 
groups. The percentage of medakas that was female 
ranged from 48% to 70% among replicate groups.

Growth and sexual maturation
SGR ranged from 2.89% to 2.73% per day in the 
zebrafish replicate groups (Table 4) and from 1.88% to 
1.64% per day in the medaka replicate groups (Table 5). 
Growth rates of both species were uniform within  
replicate groups.

Zebrafish began to have sex-specific differences in 
body shape within 50 dpf, and the onset of sexual matu-
ration for all replicate groups was 57 dpf. At this time 
point, the average weight of the fish in each replicate 
group ranged from 0.22 g to 0.25 g, and the average 

TABLE 3 | Survival rates and sex ratios for zebrafish 
and medakas

Species
Replicate  

group
Percent  
survival

Percent  
female

Zebrafish 1 100 38

2 86 48

3 90 42

4 100 60

5   90 39

Medaka 1 100 70

2 100 48

3 100 59

4 100 55

5 100 54
Survival rates were recorded at 85 dpf for zebrafish and 88 dpf for medaka.  
Sex ratios were recorded at 78 dpf for zebrafish and 81 dpf for medaka.

TABLE 4 | Zebrafish growth

Replicate  
group

57 dpf 64 dpf 71 dpf 78 dpf 85 dpf

SGR  
(% per d)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

1 3.01 ± 0.07 0.22 3.10 ± 0.07 0.27 3.17 ± 0.0 0.32 3.13 ± 0.08 0.49 3.44 ± 0.07 0.31 2.80

2 3.01 ± 0.06 0.24 3.12 ± 0.10 0.28 3.35 ± 0.08 0.33 3.29 ± 0.07 0.45 3.37 ± 0.10 0.33 2.73

3 2.82 ± 0.06 0.25 3.01 ± 0.06 0.31 3.42 ± 0.09 0.35 3.37 ± 0.06 0.46 3.50 ± 0.07 0.33 2.84

4 2.91 ± 0.06 0.24 3.27 ± 0.08 0.30 3.34 ± 0.05 0.36 3.57 ± 0.06 0.38 3.30 ± 0.06 0.33 2.74

5 3.09 ± 0.10 0.24 3.04 ± 0.08 0.33 3.32 ± 0.06 0.33 3.56 ± 0.06 0.36 3.49 ± 0.05 0.31 2.89
Length is given as mean ± s.e.m.
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length (mean ± s.e.m.) of each fish ranged from 2.82 ± 
0.06 cm to 3.09 ± 0.10 cm (Table 4).

Medakas also began to have sex-specific pheno-
typic differences by 50 dpf, and onset of sexual 
maturity for all replicate groups was 60 dpf. At this 
time, the average weight of the fish in each replicate 
group ranged from 0.16 g to 0.21 g, and the average 
length of each fish ranged from 2.17 ± 0.05 cm to 
2.48 ± 0.06 cm (Table 5).

Reproduction
We successfully collected embryos from zebrafish after 
the first arranged crosses at 57 dpf. Spawning success was 
low for this first spawning event, with only 17% of crosses 
yielding embryos. Mean ± s.e.m. clutch size (45.25 ±  
16.98 embryos) and mean ± s.e.m. viability of the col-
lected embryos (0.50 ± 0.20) were also relatively low 
compared to the later spawning events in this study. 
We generally observed increases in spawning success, 
clutch size and embryo viability from week to week 
(Fig. 3). At 65 dpf, spawning success increased to 72%, 
with a mean clutch size of 52.05 ± 9.66 embryos and a 
mean embryo viability of 0.66 ± 0.08. At 71 dpf, spawn-
ing success was 83%, with a mean clutch size of 109.2 ±  
8.97 embryos and a mean embryo viability of 0.78 ± 
0.06. At 78 dpf, spawning success was 84%, with a mean 

clutch size of 107.9 ± 11.46 embryos and mean embryo 
viability of 0.71 ± 0.06. Spawning success for the final 
crosses at 86 dpf was 75%, with a mean clutch size of 
142.4 ± 10.07 embryos and a mean embryo viability  
of 0.86 ± 0.06.

Some of the medakas in our trials began to repro-
duce in holding tanks sometime between 50 dpf and 
60 dpf. The average number of medaka females per 
tank ranged from 8 to 14. In all replicate groups, we 
observed females with clutches of embryos attached 
to their oviduct pores before 60 dpf, when we began 
embryo collection. These embryos were removed 
from the tanks before the first embryo collection 
at 60 dpf. The number of embryos collected from  
the replicate tanks was highest at the outset (60 dpf), 
with a mean ± s.e.m. of 35.60 ± 7.76 embryos per tank 
(Fig. 4a). After that point, we typically collected fewer 
than ten embryos per tank until the end of the study 
at 88 dpf. Collections at 69 dpf, 70 dpf, 74 dpf, 83 dpf, 
84 dpf and 88 dpf yielded more embryos on aver-
age: 18.60 ± 7.98, 28.40 ± 9.15, 16.40 ± 3.12, 13.00 ±  
3.11, 12.20 ± 3.15 and 17.0 ± 8.56 embryos per tank,  
respectively. Mean embryo viability was high through-
out the study period; the mean proportion of viable 
embryos was greater than 0.90 for all but four collec-
tions (Fig. 4b).

TABLE 5 | Medaka growth

Replicate  
group

60 dpf 67 dpf 74 dpf 81 dpf 88 dpf

SGR  
(% per d)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

Length  
(cm)

Weight  
(g)

1 2.29 ± 0.08 0.16 2.50 ± 0.05 0.20 2.89 ± 0.05 0.24 3.15 ± 0.07 0.27 2.91 ± 0.07 0.22 1.72

2 2.17 ± 0.05 0.21 2.67 ± 0.07 0.24 2.90 ± 0.07 0.28 2.89 ± 0.05 0.27 3.03 ± 0.08 0.26 1.79

3 2.40 ± 0.05 0.16 2.47 ± 0.04 0.18 2.92 ± 0.06 0.21 2.87 ± 0.10 0.23 2.88 ± 0.09 0.22 1.64

4 2.48 ± 0.06 0.16 2.63 ± 0.08 0.21 3.15 ± 0.11 0.25 2.99 ± 0.08 0.26 3.10 ± 0.08 0.22 1.88

5 2.32 ± 0.04 0.16 2.56 ± 0.08 0.21 2.87 ± 0.10 0.25 2.75 ± 0.08 0.24 2.88 ± 0.05 0.23 1.80
Length is given as mean ± s.e.m.
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FIGURE 3 | Reproductive performance of zebrafish. (a) Proportion of crosses that yielded embryos. (b) Mean number of embryos 
produced per clutch. (c) Mean proportion of viable embryos per clutch. Error bars represent s.e.m.
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DISCUSSION
A short time to the onset of sexual maturity, and there-
fore reproductive age, is a key advantage of both the 
zebrafish and the medaka model systems. Although the 
precise onset of sexual maturity had previously been 
reported for both species, a detailed timeline document-
ing the point at which a substantial proportion of viable 
embryos could be collected for experiments was lack-
ing. Related information about appropriate husbandry 
conditions to encourage embryo production, such as 
rearing density, feeding and water quality manage-
ment strategies, was also needed. We report that both 
zebrafish and medakas began producing viable embryos 
within 2 months of fertilization when maintained in 
accordance with the water quality management, feeding 
and housing density protocols used in our facility.

We collected a few clutches of embryos from 
zebrafish reared under these conditions at 57 dpf, 
although the viability of these embryos was low. 
Overall, reproductive performance increased over 
time; we collected viable embryos routinely within the 
3- to 5-month period most typically associated with 
reproduction in this species12. The overall number of 
embryos produced per spawning event was less than 
reported in previous studies done in our laboratory12,13, 
but the overall level of embryo production observed in 
our study is equivalent to those reported elsewhere in 
studies using older animals24,25.

We consistently collected embryos from meda-
kas on a daily basis starting at 60 dpf. We observed 
embryos in the tanks before this time point, however. 
These observations are consistent with reports that 
the standard generation time is 8 weeks for medakas 
in laboratory conditions15. Embryo production per 
individual female medaka was low compared with 
previously published studies; we collected a mean  
of 10 embryos per replicate tank (with an average of  
8–14 females per tank) per d, giving a mean daily 
embryo production of 0.8–1.4 per female, whereas 
an individual female is expected to produce 10–20 
embryos per d (refs. 26–28). There are several potential 

explanations for this difference. The method of embryo 
collection that we used in the trials was not stringent, 
and we might not have counted all the embryos that 
were spawned each day. Furthermore, the tanks in 
which the medakas were kept are designed to remove 
solids from the floors of the tank by flow, and some 
singly spawned embryos (not in clutches) that were 
deposited by females along tank bottoms may have 
been lost in this way. Hence, the steady water flow 
maintained in the tanks may have adversely affected 
embryo production, as previously reported15,29, and 
collection. It is also likely, however, that not all females 
in a given tank spawned every day, and so the actual 
mean embryo production per female may have been 
higher than our estimate.

Lower embryo production in both species may have 
been due to the fact that the fish in our trials were rela-
tively small when embryos were collected and had not 
yet attained the size typical of full-grown adult fish.  
A typical 6-month-old adult zebrafish reared in our 
facilities weighs approximately 0.5–0.6 g (ref. 13), 
nearly twice as much as the average 85 dpf (2.5-month-
old) zebrafish in our study. Similarly, fully grown 
medakas weigh 0.5 g or more30, whereas the fish in 
our study weighed less than half that amount at 88 dpf. 
Reproductive capacity of female zebrafish is positively 
correlated with increasing body size31. Therefore, it is 
reasonable to assume that the reproductive output for 
zebrafish females, and possibly medaka females, would 
have increased as they continued to grow to full adult 
size. Still, the level of embryo production we observed in 
both species is sufficient to support some experimental 
work, such as line propagation, especially when high 
embryo viability is taken into account.

We observed that growth of zebrafish and of meda-
kas appeared to slow somewhat during the weeks after 
the spawning trials were commenced. The reductions 
in the mean lengths of some groups were slight and 
are most likely explained by sampling variation, as the 
mean lengths of each group were calculated on the basis 
of only a randomly selected subset of the fish from  
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each tank. The observed decreases in the mean weight 
of some groups in both species could have been the 
result of breeding, which was confirmed to be taking 
place in medaka holding tanks and had been previously 
observed in zebrafish tanks. A substantial proportion 
of the weight of females in both species is comprised 
of developing oocytes in the body cavity. Any eggs 
oviposited during these natural in-tank spawning 
events would represent a potential loss in the weight of 
spawning females and, therefore, in the total weight of 
the tank population. Spawning is energy-intensive in 
many aquaculture species32, and, upon sexual maturity, 
some proportion of energy must be diverted to gam-
ete production, thereby potentially slowing the overall 
rate of growth. Although we did not continue to track 
the growth of the fish after the study was completed, 
we have never observed cessation of normal growth as 
a result of early breeding in either species. We expect 
that the fish used in these trials would have eventu-
ally reached a size more typical of full-grown fish in 
our facilities. Future studies are needed to determine 
whether reductions in growth might be offset by inten-
sive feeding of nutritionally balanced diets for both  
species33 or decreases in the frequency of staged spawn-
ing for zebrafish.

Our study shows that both zebrafish and medakas 
can begin embryo production at ~60 dpf when main-
tained together in the same housing system at relatively 
high densities. Our rearing approaches were originally 
developed specifically for zebrafish, but these results 
suggest that the same husbandry practices satisfy the 
basic requirements of the medaka. This joint housing 
approach allows researchers to take advantage of both 
model systems without establishing separate infrastruc-
ture. This work may be used as a basis for future refine-
ments in rearing techniques to improve the efficiency 
with which these increasingly important model species 
are used in biological research.
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