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Abstract 

Abstract.–Development and growth of eggs and larvae under varying regimes of temperature and diet were examined to test the 

hypotheses that Northern Pike larvae grow faster than Muskellunge larvae, that adhesive papillae were present only in Northern Pike 

larvae, and that Northern Pike eggs and larvae were more tolerant of cold water than were Muskellunge eggs and larvae. Eggs of both 

species were adhesive until water hardening. Larvae of both species possessed adhesive papillae, but Muskellunge used their papillae 

for less time than did Northern Pike. Northern Pike larvae attained various developmental characters at an earlier age than did 

Muskellunge in controlled and varying water temperatures. Growth of most body structures was similar but snout length was greater 

in Muskellunge larvae. Northern Pike larvae grew faster than Muskellunge larvae in length and weight on diets of Artemia and fish 

larvae. Both species could consume fish larvae as a first food. No transition from zooplankton was necessary. Wild Northern Pike 

and Muskellunge larvae consumed primarily zooplankton: Muskellunge consumed more fish larvae than did Northern Pike. 

 

 
 Recolonization of the upper Mississippi River basin by 

Muskellunge and Northern Pike after the retreat of the 

Wisconsin glacier (9,000–10,000 YBP) resulted in 

Muskellunge occupying some water bodies that Northern 

Pike did not. This disjunct distribution pattern was more 

prevalent in tributaries to lakes Michigan and Superior than 

in the lower Great Lakes (Inskip 1986). Stocking of 

Northern Pike in the 1930s in northern Wisconsin lakes, 

which previously had only Muskellunge, led to apparent 

declines in the Muskellunge population and Northern Pike 

stocking was discontinued there in 1941 (Oehmcke 1951). 

Stocking of Northern Pike continued elsewhere and had 

similar results. The decline of Muskellunge populations led 

to the perception that there was an inverse abundance 

relationship between Muskellunge and Northern Pike.  

 Several factors have been proposed to account for this 

relationship. Each of these factors represents a presumed 

advantage that Northern Pike have over Muskellunge: 

adhesive eggs and larvae that have adhesive papillae, faster 

growth from egg to juvenile, and the ability of the eggs and 

larvae to develop in colder water. If these factors do confer 

an advantage to Northern Pike, it may be more apparent in 

smaller water bodies. In large water bodies such as the 

upper St. Lawrence River, Northern Pike and Muskellunge 

can coexist. Both species are considered to be native 

(Crossman 1978) and fossil evidence suggests that they 

have coexisted here for at least the past 600 years 

(McAllister 1959). Their coexistence would suggest that 

any advantage that Northern Pike have over Muskellunge is 

less effective in the St. Lawrence River perhaps because the 

spawning and nursery habitat is more extensive and diverse 

than it is in small water bodies. 

 Northern Pike generally spawn just after ice-out at water 

temperatures between 4°C–11°C while Muskellunge spawn 

later when water temperatures are 9°C–15°C (Scott and 

Crossman 1973). The overlap of spawning temperature 

range may also result in an overlap of spawning activity 

(Williamson 1942; Farrell et al. 1996). Earlier spawning by 

Northern Pike could give them a headstart on growth and 

increase the potential for Northern Pike preying on the 

smaller Muskellunge larvae. Northern Pike are generally 

larger than Muskellunge during the first year of life (LaPan 

1985; Farrell 1998) which may reflect earlier spawning or a 

faster growth rate. 

 It has been presumed that Northern Pike eggs and larvae 

may survive better in areas of low dissolved oxygen and 

high turbidity or siltation due to the adhesive nature of their 

eggs and to the presence of adhesive papillae (cement 

glands) on the heads of the larvae. These characteristics 

would allow the eggs and larvae to become attached to 

vegetation above the substrate thereby avoiding areas of 

low-oxygen and heavy siltation.  

 Balon (1975) characterized the family Esocidae as 

phytophils (guild A.1.5) that are nonguarding, open 

substrate spawners. Representatives of this guild generally 

have adhesive eggs and the larvae possess adhesive 

papillae. Dombeck et al. (1984; 1986), however, attributed 

Muskellunge with having nonadhesive eggs and larvae that 

lacked the adhesive papillae seen in other esocids. Are 

Muskellunge unique in this regard in a family of fish that 

are similar in most characteristics? Other reports attribute 

Muskellunge eggs as being adhesive (Cooper 1983) and 

state that larvae have adhesive papillae (Leslie and Gorrie 

1985).  

  The geographical distribution of Northern Pike extends 

farther north than that of Muskellunge (Crossman 1978), 

and this implies that Northern Pike eggs and larvae are more 

tolerant of colder water temperatures than Muskellunge are. 

If true, this could be reflected in faster development and 

growth by Northern Pike. The differences in spawning time 

could be related to temperature tolerance and would serve 

as a partial temporal segregator that could reduce 

competition during spawning.  

 The experiments described here attempted to utilize a 

'natural' temperature progression as would be experienced 

by wild fish. Flynn Bay, a known Muskellunge and 

Northern Pike spawning area (LaPan and Werner 1989), 

was used as a model for what would be a natural 

temperature progression, and the temperatures in the 

experiments were compared to that (Flynn Bay was one of 

several bays being evaluated for Muskellunge restoration in 

another study: therefore adult fish from Flynn Bay were not 
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used in this study.) These experiments thus have a limitation 

in that water temperature was not controlled, although 

groups of fish that are compared have the same thermal 

history. Another approach would be to place artificially-

spawned eggs (of known age) in Flynn Bay but this would 

require provision for preventing predation of the eggs with 

some kind of enclosure that would allow for sampling; the 

enclosure would also restrict water movement, which might 

promote the growth of algae (reducing oxygen in the 

enclosure) as well as restricting prey food items, leading to 

starvation of the experimental larvae. Wave action from 

wind could also overturn an enclosure and scatter the eggs. 

Sampling wild fish would result in a mix of unknown ages 

and thermal history. 

 There were two objectives in this study: 1) to determine 

the gross physical development of Northern Pike and 

Muskellunge from a series of eggs and larvae that had 

experienced the same thermal history and food items from 

egg fertilization through the juvenile stage; 2) to compare 

the effects of differing diets (brine shrimp Artemia 

compared to various species of fish larvae) on the total 

length–weight relationship of Northern Pike and 

Muskellunge larvae, and to determine which species of 

seasonally-available fish larvae could be consumed by 

Northern Pike and Muskellunge larvae. The first objective 

was accomplished with fish raised in 1994; the second 

objective was accomplished using fish raised in 1996, 1997 

(pike only), and 1998. An additional series of Northern Pike 

and Muskellunge were raised on brine shrimp in 1998 as 

supplemental material for comparisons of development and 

length–weight relationships.  

 

Methods 

 All of the objectives required obtaining eggs, which was 

done by capturing adult Northern Pike and Muskellunge in 

trapnets in the Thousand Islands region of the upper St. 

Lawrence River (Fig. 1) in May of 1994, and 1996–1998. 

Northern Pike, caught in Garlock and Deer Island bays 

(mean total length 580 mm; weight 2.5 kg), were spawned 

artificially in the field using the dry method (Sorenson et al. 

1966; Klingbiel 1986). The milt from two or more male 

Northern Pike was used to fertilize the eggs of a single 

female Northern Pike resulting in multiple families of eggs 

that were pooled. Fertilized Northern Pike eggs were placed 

into coolers, allowed to water harden, and returned to the 

laboratory. Muskellunge was most often collected in 

spawning pairs (one male: one female) but no spawning 

pairs were caught in 1997 so no Muskellunge were raised in 

that year. Paired Muskellunge were transported from Blind 

Bay to the laboratory at Governors Island for spawning (dry 

method; single family) due to their larger size (mean total 

length 1165 mm; weight 13 kg) to avoid injury to the fish 

and the potential loss of eggs. All adult fish collected were 

returned to their point of capture. 

 Incubation of fertilized eggs was done in the same way 

for each of the experiments: Eggs were incubated 

 
FIGURE 1.–Location of four bays, and the laboratory at Governors Island, 

in the upper St. Lawrence River. Flynn Bay is located at river kilometer 

1088 and Deer Island Bay is at river kilometer 1064. River flow is to the 

northeast. 

 

in hatching jars (Fig 2, left) in a flow-through system using 

filtered St. Lawrence River water, and transferred to 0.5 m
3
 

tanks prior to hatching (Fig. 2, right). Tanks were cleaned 

each day. Diseases were controlled with formalin baths 

(1:600 for 15 min for eggs; 1:5000 for 1 h for larvae) and 

NaCl for juvenile fish (1% saturated brine by volume for 1 

h). St. Lawrence River water (source water for incubation) 

was 2°C–3°C colder than that in Flynn Bay so a minimum 

water temperature was maintained at about 11°C and was 

allowed to fluctuate naturally above the minimum in 

response to weather conditions. Incubation water 

temperature, and that in Flynn Bay, was recorded daily in 

1994 and by automatic recorder at 1-h intervals from 1996–

1998. 

 

 
FIGURE 2.–Flow-through hatching jar (left) containing Northern Pike 

eggs and (right) plastic trays containing developing larvae, which also 

uses a flow-through system. 

 

 Observed development time (in hours) was converted to 

cumulative degree days (DD) by summing the difference 

between the mean daily water temperature and the lower 

temperature threshold for each species (threshold was 1°C 

for Northern Pike—determined by Kotylrevskaya (1969), 

and set arbitrarily at 2°C for Muskellunge). The threshold 

value represents the lowest water temperature at which 

development will occur: lower temperatures result in no 
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development regardless of incubation time 

(www.ipm.ucdavis.edu/ WEATHER/ddconcepts). Although 

DD calculation started at fertilization, estimates of the DD 

required to reach specific developmental states were 

approximate since not all individuals reached the same 

developmental state over the same number of hours. DD 

and the corresponding fish lengths represented the first 

observed occurrence of the particular developmental state.  

 Objective 1.—Gross physical development of Northern 

Pike and Muskellunge eggs, larvae, and juveniles. The 

specific methods used for this objective were: Northern 

Pike and Muskellunge larvae were fed a diet of brine shrimp 

Artemia under variable fluorescent illumination. Eggs and 

larvae of both species were preserved in 10% buffered 

formalin for analysis of gross body morphology, 

pigmentation, and gut development. Presence of adhesive 

papillae was determined by microscopical examination. 

Those larvae used to estimate development of teeth, bones, 

and otoliths were preserved in alcohol, and a subset of 

larvae was cleared and stained (Fritzche and Johnson 1979) 

to examine teeth and bones, but not otoliths, which could be 

dissolved by the clearing process.  

 Morphological measurements were made on freshly-

preserved fish under a dissecting microscope fitted with an 

ocular micrometer. Blood circulation patterns were 

determined by observing live specimens under a dissecting 

microscope at 15X. Attachment behavior was observed in 

each year by placing fish in a small aquarium divided by a 

glass partition. The partition provided an attachment surface 

that could be viewed from three directions and provided for 

an accurate determination of the attachment point. 

Illustrations of various phases of development were made 

freehand from preserved larvae under a dissecting 

microscope. Each illustration represents one individual thus 

the characteristics shown are not idealized or composites. 

Yolk volume (V) in fish larvae was determined using the 

equation for an ellipsoid mass:  

V = 0.1667�LH
2
 

where L is length and H is height. Cannibalistic fish were 

removed from the experiments and not used in descriptions. 

 Objective 2.—Growth of Northern Pike and 

Muskellunge larvae on a diet of brine shrimp or fish larvae. 

The specific methods used for these objectives were: 

Recently-hatched Northern Pike and Muskellunge were 

subdivided into four groups of 80 fish each. Northern Pike 

and Muskellunge from two groups were fed brine shrimp 

and the other two groups were fed wild-caught fish larvae. 

The food type fed to each group was their first and only 

food type. The fish larvae used as prey were those that 

would be available seasonally to Northern Pike and 

Muskellunge in the wild. Prey fish were collected by dip-net 

from local bays and measured prior to being introduced to 

predators. Food was provided to Muskellunge from 18 June 

to 21 July, 1996, and to Northern Pike from 6 June to 28 

June, 1997. A sample of five Muskellunge and five 

Northern Pike was taken once per week from each diet 

category. Total length (0.1 mm) and blotted wet weight 

(0.001 g) of each fish was recorded prior to preservation in 

10% buffered formalin. Sampled fish were not replaced. 
The growth in total length and weight of experimental fish 

was compared to the growth of wild Northern Pike and 

Muskellunge larvae collected from various bays in 1992 and 

from 1996–1998. 
 Statistical tests were made using SAS version 8 (1988) 

at an overall alpha of 0.05. Comparisons of egg diameter, 

hatching length, and yolk volume used ANOVA with a 

Bonferroni correction for multiple comparisons. Regression 

(linear, quadratic, and power equations) and ANCOVA 

were used for comparing the relationship of total length and 

wet weight to age, with year as the covariate. Cook's 

influence statistic and the Durbin-Watson test for 

autocorrelation were also used.  
   

Results 

Objective 1.—Gross physical development of Northern Pike 

and Muskellunge eggs, larvae, and juveniles. The 

incubation water temperature varied by as much as 6°C 

during the first two weeks (Fig. 3) as a result of cold fronts 

and remained colder than the temperature in Flynn Bay, 

although the seasonal trend was similar. 

 Eggs of Northern Pike and Muskellunge were rounded 

but not always spherical: diameter of individual eggs varied 

as much as 10% in Northern Pike and 8% in Muskellunge. 

The greatest egg diameter was not consistent with the 

orientation of development occurring on the yolk in either 

species. The mean diameter of Northern Pike eggs from 

Deer Island Bay was significantly larger than the mean 

diameter of Northern Pike eggs from Garlock Bay, and the 

mean diameter of Muskellunge eggs was significantly larger 

than the mean diameter of Northern Pike eggs (Bonferroni 

t-test, critical t=2.45; F=69.9, P<0.0001), therefore the egg 

volume was similarly largest in Muskellunge, and Northern 

Pike egg volume from Deer Island Bay was larger than that 

from Garlock Bay (Bonferroni t-test, critical t=2.45; 

F=68.3, P<0.0001; Table 1).  

 Eggs of both species remained adhesive for 15–20 

minutes after extrusion but were not adhesive after water 

hardening (about 30 min). The chorion of the Northern Pike 

egg had a slightly dimpled appearance at 25–50X and 

closely spaced nodules could be seen at 400X (Johnson and 

Werner 1986). These nodules were smaller in a circular area 

around the micropyle which was visible (at 25X) as a 

relatively smooth and flattened area on the chorion. 

Muskellunge eggs had a rougher chorion than Northern Pike 

eggs. Plugs could be seen easily at 25X and nodules could 

be seen at 50X. Perivitelline space varied from 0.3–0.5 mm 

in fertilized Northern Pike eggs from Garlock Bay
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FIGURE 3.–Incubation water temperature for Northern Pike and Muskellunge (black line) in 1994, and natural 

water temperature (triangles) in Flynn Bay. PDD and MDD refer to cumulative degree days for Northern Pike (gray 

solid line) and Muskellunge (dashed line). Arrows indicate the incubation period for Northern Pike (P) and 

Muskellunge (M). 

 

and was 0.1 mm in fertilized Northern Pike eggs from Deer 

Island Bay (Fig. 4). Perivitelline space ranged from 0.17–

0.42 mm in Muskellunge eggs (Fig. 5). The yolk of both 

species was pale amber in life and pale yellow after 

preservation in formalin. Large, clear cells similar to those 

observed in walleye (McElman and Balon 1985) were 

observed in eggs of both species. 

 
TABLE 1.–Mean diameter (± SE), range, and volume of Northern 

Pike and Muskellunge eggs. Mean diameter was significantly 

different (F=69.9, P<0.0001) in each column as was mean egg 

volume (F=68.3, P<0.0001). N=27 eggs in each column. 

 
Northern pike 

 
Muskellunge 

 

Garlock Bay 
Deer 

Island Bay 
 Blind Bay 

Mean egg 

diameter  2.80 ± 0.02 

2.99 ± 

0.01 

 

3.07 ± 0.01 

Range 2.58–3.17 2.92–3.08 

 

2.92–3.17 

Mean egg 

volume 

11.5 mm3 ± 

0.29 

14.03 

mm3 ± 

0.17 

 

15.18 mm3 ± 0.21 

 

 

 The first body movements were observed at 75 DD in 

Northern Pike embryos and at 88 DD in Muskellunge. 

These movements were restricted to flexing of the tail, 

which increased as the embryos neared hatching. The 

pectoral fin buds, adhesive papillae, rudimentary gut, dorsal 

and anal finfolds, and gill slits were present prior to 

hatching. The developmental changes from fertilization to 

hatching are summarized in Table 2. 

 Heart.–The heart was visible, but not beating, at 62 DD 

in Northern Pike embryos and at 88 DD in Muskellunge 

embryos (Table 2). The heart was located under and to the 

left of the longitudinal axis of the body just posterior to the 

optic cup (Fig. 4e and 4f; Fig. 5e and 5f). The heart was 

beating at 71 DD in Northern Pike, and at 109 DD in 

Muskellunge. The heart beat rate was similar in both species 

at 60 beats per minute at 13°C and increased to 120 beats 

per minute in embryos at 15°C. Limited blood circulation 

was visible on the yolk around the heart region and along 

the ventral margin of the tail in embryos that were close to 

hatching.  

 Adhesive papillae.–These structures were first seen in 

Northern Pike embryos at 75 DD from Garlock Bay and at 

70 DD in Northern Pike embryos from Deer Island Bay. 

Papillae were first visible in Muskellunge embryos at 109 

DD. The area covered by papillae increased in size in both 

species as the embryos developed. The largest papilla 

extended outward 0.04 mm away from the body in Northern 

Pike but only 0.02 mm in Muskellunge. Papillae were 

located in a semi-circular patch ventral to the eyes (Fig. 6). 

Papillae were present in Northern Pike up to 12 mm and in 

Muskellunge up to 14 mm. The papillae were reduced in 

size, and in area, after the gas bladder was filled.  
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FIGURE 4.–Development of Northern Pike eggs from Garlock Bay incubated in 1994: A) two-cell stage at 6 hours; 
B) blastula at 26.5 hours; C) gastrula and formation of embryonic shield at 74 hours; D) neural keel with three 
pairs of somites at 96 hours; E) embryo with optic cups at 127 hours, heart (H) is located between the optic cup and 
auditory vesicle; F) embryo just before hatching at 182 hours, the heart is located to the right of the eye. 

 
 
 


