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Abstract 
	 	 	 	 	 	 	 	 	 	 	 	 	
The	spiny	water	flea	(Bythotrephes	longimanus)	is	an	invertebrate	aquatic	invasive	
species	(AIS)	in	the	Great	Lakes	that	competes	with	native	fish	species	for	smaller	
crustacean	prey,	perhaps	contributing	to	a	decline	of	fish	populations	in	Lake	
Michigan.	The	species	can	lay	two	types	of	eggs,	resting	eggs	and	immediately	
hatching	eggs.	Resting	eggs	are	tolerant	to	harsh	conditions,	allowing	them	to	be	
rapidly	distributed	when	attached	to	fishing	and	other	recreational	gear	and	boats.	
The	goal	of	this	research	was	to	determine	spiny	water	flea	population	dynamics	in	
southern	Green	Bay	and	the	lower	Fox	River,	including	when	they	produce	resting	
eggs.		Six	sites	along	the	lower	Fox	River	and	three	sites	in	southern	Green	Bay	were	
sampled	with	oblique	net	tows	from	June	until	early	October	2015	to	determine	the	
abundance	of	juvenile	and	adult	stages	of	the	spiny	water	flea,	including	the	type	of	
eggs	being	produced	by	adult	females.		No	spiny	water	fleas	were	observed	in	any	of	
the	lower	Fox	River	sites.		In	southern	Green	Bay	juveniles	occurred	as	early	as	June	
25	(the	first	date	of	sampling)	with	adult	females	observed	by	June	29.		Peak	
population	abundances	occurred	in	September	at	both	sites	in	southern	Green	Bay.		
Females	produced	both	types	of	eggs	as	early	as	July	8.		Females	continued	to	
produce	resting	eggs	at	least	into	early	October.	The	results	of	this	study	will	help	
provide	important	data	that	can	be	used	to	guide	management	decisions	related	to	
boat	use	along	the	lower	Fox	River.		The	ultimate	goal	is	to	prevent,	or	at	least	delay,	
the	spread	of	the	spiny	water	flea	from	Green	Bay	through	the	Fox	River	into	
upstream	lakes	of	Wisconsin.		
            	
 
  



Introduction 
 
 The spiny water flea, Bythotrephes longimanus (formerly known as B. 
cederstroemii), is an invasive zooplankton species that has spread throughout the Great 
Lakes, and was first observed in Lake Michigan in 1986 (Lehman 1987).  This invasion 
has resulted in changes to the food web dynamics in Lake Michigan (Lehman & Caceres 
1993).  It is a predatory cladoceran that competes with small fish and other native 
invertebrates for food such as smaller zooplankton like the water flea Daphnia (Lehman 
1991, Pothoven et al. 2003, Pothoven & Hook 2014).  The rapid spread and success of 
this species throughout the Great Lakes and inland lakes in the region is due in large part 
to the production of a resistant stage that can survive harsh conditions during transport to 
new areas. The species can produce two types of offspring, either immediately hatching 
eggs or the resistant embryos called resting eggs. Resting eggs are in a dormant state and 
range from 0.4-0.5 mm in diameter with a golden brown color.  The resting eggs are 
known to tolerate a wide range of conditions, including temporary drying and even 
passage through the guts of fish (Jarnagin et al. 2000, Branstrator et al. 2013). 
 
 This resistant resting stage and the fact that the tail spines of this species causes it 
to get caught on fishing line, fabric, anchor ropes, etc. has allowed the species to spread 
rapidly to new areas and become a successful invasive species. Spiny water fleas have 
been recorded in Green Bay since at least the late 1980s (Jin & Sprules 1990) and there is 
concern that it may spread up the lower Fox River and into the Lake Winnebago, Upper 
Fox River and Wolf River systems if boats and gear are allowed to navigate upstream 
without being properly cleaned.  Some cleaning procedures will kill juveniles, adults and 
immediately hatching eggs but not resting eggs, so understanding the population 
dynamics and when the various stages occur in Green Bay and the lower Fox River is 
important to planning effective cleaning protocols and practices. 
 
 The goal of this study was to determine the spatial and temporal distribution of 
the spiny water flea Bythotrephes longimanus in southern Green Bay and the lower Fox 
River during the main boating period of the year.  In particular, the project was to provide 
documentation of the abundance of each life stage during the study period, with special 
attention paid to when resting eggs were being produced. 
 
  



Methods 
 
Field Collections - Samples were collected from the lower Green Bay area from June 25 
through October 2, 2015.  Two sampling sites established during previous research on 
lower Green Bay (Table 1 & Fig. 1; De Stasio & Richman 1998, De Stasio et al. 2008, 
2014). Oblique plankton tows from just above the sediment to near the surface were 
collected using a standard conical plankton net (50cm diameter opening, 200cm length, 
250um mesh; Aquatic Research Instruments, Hope, ID).  The net was towed at a constant 
speed (2mph) for either 5min or 3min depending on the sampling date and animal 
abundance.   Duplicate samples were collected to allow estimation of variability among 
samples.  In addition, qualitative plankton net tows were collected inside the South Bay 
Marina in June to check for presence of spiny water fleas (Fig. 1).  Samples were held 
live in closed 2L containers and transported to the Lawrence University laboratory 
facility in accordance with WI Administrative Code NR 40 and all applicable permitting 
requirements.  Animals and potentially contaminated water was maintained in the 
laboratory at Lawrence University, decontaminated and prevented from release into 
natural waterways or public water treatment system at all times.  
 
Laboratory Procedures – Samples were preserved in 70% denatured alcohol upon return 
to the laboratory.  Either entire samples were enumerated, or samples were subsampled 
using a Folsom plankton splitter (Wildco Inc., Yulee, FL) using liquid dishwashing soap 
to eliminate surface trapping of specimens. Subsamples were counted at 10X – 40X using 
five categories for life stages of spiny water fleas: juveniles, males, females with no eggs, 
females with immediately hatching eggs, and females with resting eggs.  Resting eggs are 
a golden brown color (Jarnagin et al.  2000); this trait and lack of hatching over a 2-week 
observation period in the laboratory were used to determine the production of resting 
eggs by females.  Females with resting eggs in the brood sac were transferred to labeled 
12-well tissue culture plates and stored in the dark at 18°C.  Trays were checked 
periodically to verify that eggs remained in a resting state. 
 



 

Table	1.		Latitude	and	Longitude	coordinates	of	established	sampling	sites	along	
the	lower	Fox	River,	WI	(top	section)	and	in	lower	Green	Bay	(bottom	section).		
Sites	GB-1A	and	GB-2	are	established	sampling	locations	from	studies	by	De	
Stasio	and	colleagues	(De	Stasio	et	al.	2008,	2014).	

	
Lower	Fox	River	Locations	 Latitude	 Longitude	

Upstream	of	Rapide	Croche	 	 	
FR-A	(above	Cedar	lock)	 N	44o	16.562	 W	88o	20.541	
FR-B	(above	Kaukauna	Guard	lock)	 N	44o	16.665	 W	88o	17.042	
FR-3	(above	Rapid	Croche	lock)	 N	44o	19.077	 W	88o	11.962	
Downstream	of	Rapide	Croche	 	 	
FR-4	(below	Rapid	Croche	lock)	 N	44o	18.947	 W	88o	11.413	
FR-C	(above	DePere	dam)	 N	44o	25.813	 W	88o	04.273	
FR-D	(below	DePere	dam)	 N	44o	27.742	 W	88o	03.354	

	
Lower	Green	Bay	Locations	 Latitude	 Longitude	

South	Bay	Marina	(transient	slips)	 N	44o	32.299	 W	87o	59.907	
GB-1A	 N	44o	32.952	 W	87o	59.890	
GB-2	 N	44o	34.817	 W	87o	58.733	
	



 

	

	
Figure	1.	Map	of	sampling	locations	in	2015	in	lower	Green	Bay	(top	panel)	and	
the	lower	Fox	River,	WI	(bottom	panel).	



Results 
 The overall abundance and dynamics of spiny water fleas (Bythotrephes 
longimanus) were similar at the two Green Bay sites from June to October (Figure 2).  
The population was already present at GB-1A on the first sampling date, but was at the 
lowest abundance observed during the entire sampling period.  Abundances at both 
locations increased during late July, decreased during August, and then reached the 
highest abundance during September.  On Sept. 2 the abundance at site GB-2 was 
markedly greater than at GB-1A, but decreased to lower abundances by late Sept before 
increasing slightly by Oct. 2.  This same seasonal pattern was observed at GB-1A (Fig. 
2). 
 

 
 
 Seasonal changes in the composition of spiny water flea at the two sampling sites 
followed similar patterns as well (Fig. 3).  On the first sampling date (June 25) samples 
consisted exclusively of juvenile individuals.  The first adult females were observed on 
June 29th in a qualitative sample collected in the South Bay marina.  By July 8th samples 
at both sites consisted of a mixture of juveniles, females without eggs, females with 
immediately hatching eggs and females with resting eggs (Fig. 3 top and bottom panels).  
Males were first observed on July 22 at both sampling locations and were observed 
throughout the reminder of the sampling period.  Once adult individuals were observed, 
females with resting eggs were collected throughout the entire sampling period (except 
July 16 and August 3).  Females comprised from 50% to 70% of the total population 
abundance from late July into October.

	
Figure	2.	Total	population	abundance	(mean	+/-	1	standard	error)	of	spiny	water	
flea	in	southern	Green	Bay	during	2015.	



 
 
  

	

	
Figure	3.	Percent	of	spiny	water	flea	population	in	different	life	stages	during	2015	
for	location	GB-1A	(top	panel)	and	GB-2	(bottom	panel).		Note	that	sampling	at	GB-
1A	occurred	on	more	dates	than	GB-2.	



Discussion 
 
 No spiny water fleas were observed in any of the sampling sites in the lower Fox 
River in 2015.  Spiny water fleas were recorded in southern Green Bay from June 25 
through October 2, 2015.  The population size of spiny water fleas at both locations in 
southern Green Bay generally increased as the summer progressed, with a slight decrease 
observed in August.  Although there were higher densities at GB-2 during early 
September, both sites exhibited similar abundances on the other dates.  The composition 
of the population began exclusively as juveniles in June, with adult females occurring by 
the end of June and males by mid July.  Females began making resting eggs by the first 
week of July and continued to produce them until at least October (when sampling 
ended). 
 
 These findings are consistent with the population being started in late spring by 
individuals hatching from resting eggs that had overwintered in the sediments.  Juveniles 
then matured by late June and started producing both immediately hatching and resting 
eggs by early July.  This pattern of resting egg hatching, juvenile maturation and 
subsequent production of eggs is consistent with previous studies in the Laurentian Great 
Lakes (e.g. Yurista 1992, 1997), inland lakes in North America (Yan et al. 2001, Brown 
& Branstrator 2005, 2011) as well as European lakes where the species is native (Herzig 
1985, Rivier 1998, Straile & Hälbich 2000). Typically the newly hatched individuals 
from the resting eggs will mature and reproduce asexually (using parthenogenesis) to 
produce the next generation quickly.  Some females switch to sexual reproduction at 
some point to produce resting eggs that are resistant to harsh conditions.  This sexual 
reproduction requires males, so normally males will be observed in the population when 
females carrying resting eggs are found.  During our sampling in 2015 females with 
resting eggs were first found on July 8, but males were not collected until later on July 
22.  This is likely because males were in very low abundance earlier in the summer and 
our sampling efforts were not extensive enough to catch them during those times.  
Regardless, the presence of females carrying resting eggs indicates that the resistant 
resting eggs could be spread by boaters and other recreational users to new locations as 
early at the first week of July. 

 The main objectives of this research were to determine the population dynamics 
of spiny water fleas and the timing of resting egg production in southern Green Bay and 
the lower Fox River. The results indicate that there were no spiny water fleas in the river, 
but in southern Green Bay there is resting egg production from early July until at least 
early October. The proportion of females producing resting eggs was small compared to 
the rest of the population during this entire time period, but even this small proportion has 
the potential to allow secondary invasion of inland waters if proper preventative 
procedures are not followed when moving boats or gear to new locations or allowing 
boats to move upstream.  The fact that no spiny water fleas were observed in the lower 
Fox River even though an established and thriving population occurs right at the mouth 
of the river indicates that the river may act as a natural barrier to upstream dispersal of 
this invasive species.  It will be important to confirm these findings with at least an 
additional year of study of this important ecological and recreational system. 
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