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Introduction 

We established a high-throughput live imaging method that monitors larva-
polyp morphogenesis in a controlled microenvironment for ∼7 days at 5-min 
time resolution [1]. Due to the asynchronous development between individuals, 
we used changes in circularity (a perfect circle is 1) of the whole-organism 
shape contours as a geometrical feature to classify the developmental stages 
into larva (circularity >0.8), larva-polyp transition (circularity of 0.3-0.8), or polyp 
(circularity <0.3) [2]. We found that animal circularity decreases dramatically 
during larva-polyp transition, which is attributed to a 3- to 4-fold change in the 
length of the body and the development of oral tentacles [3]. 

Description

The population scale dynamics of larva-polyp transition were highly 
variable, and the overall time for development ranged from 16 to 30 h in most 
cases. This variability was independent of the disparity in body lengths. To 
quantify morphological changes, we used the estimated body column volume 
and length/diameter body aspect ratio as features to monitor the changes in 
organismal size and shape, respectively (see STAR Methods). Mapping these 
two features together reveals a morphospace that animals explore during larva-
polyp morphogenesis. Although larvae generally have a smaller body column 
volume and aspect ratio compared with primary polyps, transitioning animals 
explore a wide range of combinations of different volumes and aspect ratios. 
To investigate whether animals change their size and shape simultaneously or 
separately, we defined four categories of morphodynamics that reflect different 
phases during larva-polyp transition: (1) a change in size without a major aspect 
ratio increase, termed “isotropic expansion” (IE), (2) an increase in aspect ratio 
without major volume increase, termed “axial stretching” (AS), (3) a combined 
increase of both body column volume and aspect ratio, termed “anisotropic 
expansion” (AE), and (4) no substantial positive change in neither volume 
nor aspect ratio, termed “no elongation” (NE). Mapping morphodynamics 
over time shows that all four categories are deployed but that AE and AS 
are most frequently deployed during elongation. However, the sequence 
and duration of different morphodynamics varied across developing animals. 
Together, these data suggest that larva-polyp morphogenesis is guided by a 
relatively plastic developmental program. Marine invertebrate larvae typically 
undergo settlement that marks a shift from a free-swimming to a sessile form 
that can adhere to a substrate. To study this behavioral change and link it to 

developmental dynamics, we tracked motility by measuring body displacement 
during all time points of the transition stage (n = 707 animals) [4,5]. 

Conclusion

We defined a low motility state when displacement is ≤130 μm per 5-min 
time interval and a high motility state if displacement is >130 μm. Interestingly, 
the rate of body elongation was significantly higher in the low motility state 
compared with the high motility state. To investigate motility behavior at the 
level of individual animals, we mapped their displacement during the transition 
stage and classified each animal as sessile (n = 517 out of 707; median 
displacement ≤130 μm) or motile (n = 190 out of 707; median displacement 
>130 μm). In addition to differences in the elongation rate, sessile and motile 
animals were markedly different in their morphospace and morphodynamics. 
Sessile animals showed a developmental period dominated by initial AE 
followed by AS. This sequential pattern was absent in motile animals. As a 
result, sessile animals typically had a higher aspect ratio at the same body 
column volume compared with motile animals, which led to noticeable 
differences in polyp shape.
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