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Background
Zebrafish has emerged as a premier model organism for bio-
medical and organismal research.  Moreover, there is increasing 
interest in elucidating the genetic, cellular, and physiological 
bases for the metamorphic transition from larva to adult. 
Yet, the community has lacked a normal table of post-embryonic 
development for the accurate and repeatable staging of fish 
throughout the life cycle. 
 We are compiling a normal table of post-embryonic stages 
using features observable under a stereo-
microscope, supplemented by traits 
revealed with fluorescent vital dyes. We 
are repeatedly imaging individual fish 
through development, using a range of 
temperatures and food availabilities. 
 Here, we present some of the diagnos-
tic criteria for placing fish into discrete
stages and we propose a standardized 
nomenclature for reporting.

Days Post-Fertilization vs. Standard Length
Fish exhibit a range of growth and development rates owing to 
genetic and environmental factors and their interactions. Dpf
is therefore inadequate for post-embryonic staging.

Qualitative and Quantitative Anatomical Traits
Post-embryonic fish exhibit a variety of traits for staging. These
include qualitative characteristics (e.g., caudal fin shape), as well 
as continuous  and meristic quantitative traits (e.g., body height 
and fin ray counts, respectively). 
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Correlates of Standard Length  
Shown are relationships between standard length and other 
dimensions, as well as flexion (posterior notochord angle), swim-
bladder, and fin traits. Standard length is usually, but not always,
well correlated with other qualitative and quantitative traits. 
Meristic values are jittered for clarity of presentation.

Visualization with Vital Dyes and Post Hoc Determinations
Skeletal and lateral line features can be revealed with calcein and daspei,
respectively, and can supplement brightfield staging criteria. Additionally, 
we are quantifying size changes caused by processing for in situ hybrid-
ization to allow post hoc stage determinations of individual specimens. 

Post-Embryonic Stages 
Stage designations are given below along with some of the major 
diagnostic criteria. 
Preflexion (post-hatching, pre-feeding)
A1  yolk sac present
A2 yolk sac lost
A3 swimbladder (pSB) inflation and float-up

Flexion (feeding “early larva”) 
B1 flexion 0<25°
B2  C fin ray appearance; flexion ≥25°; fin fold constriction
B3  aSB appearance; D, A fin condensations 
B4  A fin ray appearance; fin fold resportion posterior tail
B5  D fin ray appearance; fin fold resorbed except ventral to gut; pSB dips 

Metalarval (“metamorphosis”)
C1 pelvic fin bud appearance; early pigment pattern metamorphosis
C2 late pigment pattern metamorphosis; squamation  

Juvenile
D  fin fold completely resorbed; squamation complete; primary adult stripes

Mature adult
M   reproductive maturity

Recommendations 
We have identified criteria for placing fish into biologically meaningful 
post-embryonic stages. Since every stage includes extensive growth,
discrete designations are best supplemented by standard length. For 
wild-type fish, we recommend reporting stages in the composite format 
“stage:SL(mm)” (e.g., “B4:5”). For mutants phenotypes that decouple 
standard length from other traits, wild-type equivalents can be estimated 
from unaffected traits using relationships such as those shown here 
(e.g., “B4:~5”), or left unreported (“B4:—”). 

Anatomical Changes during Post-Embryonic Development
Examples of shape changes for head, swimbladders, caudal 
fin and notochord flexion, and pigment pattern. All are seen easily 
under a stereomicroscope.
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