


This is to certify that the

dissertation entitled

Reproduction, Early Life History,
and Recruitment of Rainbow Smelt

in St. Martin Bay, Lake Huron
presented by

Russell W. Brown

has been accepted towards fulfillment
of the requirements for

Ph.Do degree in FiSherieS

Major professor

/éd@; L. //;:&/
J

Date_ July 28, 1994

MSU is an Affirmative Action/Equal Opportunity Institution 0-121T1



AT

3 1293 010

LIBRARY
Michigan State
University

PLACE IN RETURN BOX to remove this checkout from your record.
TOAVOIDFINESMonubdmddoduo.

MSU Is An Affirmative Action/Equal Opportunity Institution
ccirc\datedus.




REPRODUCTION, EARLY LIFE HISTORY, AND RECRUITMENT OF
RAINBOW SMELT IN ST. MARTIN BAY, LAKE HURON

By

Russell W. Brown

A DISSERTATION

Submitted to
Michigan State University
in partial fulfillment of the requirements
for the degree of

DOCTOR OF PHILOSOPHY

Department of Fisheries and Wildlife

1994



ABSTRACT

REPRODUCTION, EARLY LIFE HISTORY, AND RECRUITMENT OF
RAINBOW SMELT IN ST. MARTIN BAY, LAKE HURON
By

Russell W. Brown

Rainbow smelt (Osmerus mordax) provide an important source of forage
for introduced salmonines, and are considered to be an important competitor and
predator of native Great Lakes species. Historical records reflect unstable levels
of rainbow smelt abundance in the upper Great Lakes, with much of this
instability in population abundance due to highly variable year class formation and
recruitment. Spawning rainbow smelt were sampled in four tributaries to St.
Martin Bay, Lake Huron to measure population characteristics of spawning
populations and to estimate egg deposition and larval outmigration. Age
composition of tributary spawning rainbow smelt from 1991-1993 was significantly
younger than age compositions reported in the 1970°s. Diel patterns of larval
outmigration were consistent between tributaries with greater than 90% of larval
outmigration occurring between 2100 and 0600 hours. Of the four study
tributaries, the Carp River dominated larval production, producing 72.8%, 74.8%,
and 96.4% of the total larval output from 1991 to 1993, respectively. The four

tributary streams produced a total of 46 million larvae in 1991, 13 million larvae



in 1992, and 32 million larvae in 1993, with annual differences due to variable
levels of egg deposition and survival between years.

Larval and juvenile stages of rainbow smelt were sampled in St. Martin
Bay, Lake Huron from 1991 to 1993 to estimate relative abundance and growth
and survival rates. In 1991, high tributary larval production and high degree of
spatial overlap between larvae and zooplankton prey resources resulted in
production of a strong year class comprised mainly of tributary produced progeny.
In 1992, low tributary production of larvae, low densities of zooplankton prey
resources, and poor spatial overlap between larval populations and prey resources
resulted in relatively poor year class comprised mainly of lake spawned larvae. In
1993, intermediate levels of tributary larval production and a high degree of
spatial overlap with moderate densities of zooplankton prey resources resulted in
production of a moderate year class, with approximately 65% of recruits hatching
during tributary outmigration. Interannual variation in year class strength of
rainbow smelt in St. Martin Bay resulted primarily from variable contributions of

tributary spawned larvae between years.
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Dissertation Introduction

Rainbow smelt (Osmerus mordax) were first introduced into Lake Michigan
through a single stocking in Crystal Lake, Michigan in 1912 and spread
throughout the Great Lakes by the mid 1930’s (Van Oosten 1937). In the upper
Great Lakes, rainbow smelt rapidly became an important component of the
recreational and commercial fisheries. During the late 1930’s, the recreational
and commercial fisheries harvested 2.5 and 1.8 million kilograms annually in the
Michigan waters of the Great Lakes (Van Oosten 1947). Currently, rainbow
smelt support a popular recreational dip net fishery during spring spawning runs
(Raab and Steinnes 1979), although the commercial fishery in the Michigan
waters of the Great Lakes has declined significantly from historical levels. In
1993, commercial harvest of rainbow smelt from the Michigan waters of Lakes
Superior, Michigan, Huron and Erie represented less than 5% of the total
commercial fishery by weight and approximately 1% by value (Kinnunen 1994).

Currently, rainbow smelt provide an important source of forage for
introduced salmonines (chinook (Oncorhynchus tshawytscha), coho (O. kisutch),
and pink (O. gorbuscha) salmon, brown trout (Salmo trutta) and steelhead (O.
mykiss) and native predators (lake trout (Salvelinus namaycush) and burbot (Lota
lota)) in the upper Great Lakes (Stewart et al. 1981, Hatch et al. 1981, Johnson et
al. 1994). Growth and survival rates of introduced salmonines have declined
during the 1980’s (Eck and Wells 1983), resulting in concerns over the possible
depletion of the forage base in the Great Lakes (Stewart et al. 1981, Johnson et

al. 1994).
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In addition to its role as a prey species, the rainbow smelt is also
considered to be a competitor and predator of native Great Lakes species
(Crowder 1980). Rainbow smelt have the potential to compete with native
coregonines because of broad overlaps in distribution and diet with lake herring
Coregonus artedii (Anderson and Smith 1971), deepwater ciscos (C. sp.), and lake
whitefish (C. clupeaformis). Although rainbow smelt in the Great Lakes feed
mainly on invertebrates (Gordon 1961, Foltz and Norden 1977, Anderson and
Smith 1971), their diet also includes larval and juvenile fishes (Hale 1960, Price
1963). Predation by adult smelt has been documented for age 0+ alewives (Alosa
pseudoharengus, O’Gorman 1974), lake herring (Selgeby et al. 1978, Loftus and
Hulsman 1986), bloaters (C. hoyi, Stedman and Argyle 198S), slimy sculpin (Cottus
cognatus, Brandt and Madon 1986), and lake whitefish (Loftus and Hulsman
1986). Predation by rainbow smelt and alewife has been hypothesized to be a
major mechanism for the collapse of native coregonines in the upper Great Lakes
(Crowder 1980) and inland waters (Evans and Loftus 1987).

Historical records reflect unstable levels of rainbow smelt abundance in the
upper Great Lakes over the past sixty years with periods of marked increases
followed by precipitous declines (Baldwin et al. 1979). Standardized bottom trawl
surveys by the National Biological Survey (Argyle 1994) indicate that lake-wide
indices of adult rainbow smelt abundance have experienced two major peaks
(1981 and 1987) since 1973 (Figure 1). Indices of age 0+ rainbow smelt indicate
variable levels of recruitment have occurred, with strong year classes (Catch per

Unit Effort (CPUE) > 800 fish/tow) occurring in 1980, 1981, 1982, and 1986
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(Figure 1). Recently, the species composition of prey biomass in Lakes Michigan
and Huron has shifted from exotic alewife and rainbow smelt to native bloaters
(Coregonus hoyi; Argyle 1994).

Fluctuations in the abundance of rainbow smelt have been attributed to
cannibalism (Regier et al. 1969), disease (Van Oosten 1947), parasitism (Nepszy
et al. 1978), and climatic ff;lCtOI'S during spawning including wave action and water
temperatures (Rothschild 1961; Rupp 1965). An annual cycle of alternating ye;ar-
class dominance in Lake Erie between 1963 and 1974 has been attributed to
cannibalism by yearling rainbow smelt on age 0+ larvae and juveniles (Henderson
and Nepszy 1989). The role of rainbow smelt as a key forage species, predator,
and competitor of other Great Lakes fishes underscores the importance of
identifying and understanding variability in abundance and factors influencing
their recruitment.

Variability in year class strength of many pelagic and demersal fish species
in large aquatic systems is primarily caused by variation in growth and survival
during the early life stages (Houde 1987, Fritz et al. 1990). Relatively small
changes in growth and survival rates of these early stages can translate into large
annual fluctuations in resulting year-class strength (Houde 1987). My hypothesis
is that a combination of abiotic and biotic factors occurring between spawning and
the demersal juvenile stage is important in controlling the year class strength of
rainbow smelt in the upper Great Lakes. The goal of this project was to measure

important parameters during the early life history stages to allow for the
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identification of causal mechanisms controlling year class formation in rainbow

smelt. My specific objectives are to:

1. Measure vital statistics of tributary spawning rainbow smelt populations
including size and age composition, length-weight relationships, and sex
ratios.

2. Estimate seasonal patterns in egg deposition and larval outmigration from

tributary streams.

3. Measure diel, spatial, and seasonal patterns in abundance, growth and
survival of larval rainbow smelt in Lake Huron.

4, Describe patterns of larval distribution in relation to distributional patterns
of larval zooplankton prey resources.

S. Estimate the relative contribution of tributary vs. lake spawned larvae to
overall recruitment.

Study Area

I selected the St. Martin Bay area of northern Lake Huron as a study area
based on estimated strong production of rainbow smelt in this region of Lake
Huron (Argyle 1982), historically consistent spawning in area tributaries, and
reported high densities of larval rainbow smelt (O’Gorman 1983). St. Martin Bay
is located in the northwest region of Lake Huron along the southern shore of
Michigan’s upper peninsula (Figure 2). This oligotrophic bay has an average
depth of 8-m with gradually increasing depths to a maximum of 30-m. Water
circulates in a clockwise direction which is driven by an offshoot eddy from the
Straits of Mackinac. The bay generally is ice-covered from January to March
- (Assel et al. 1983). Surface water temperature ranges from 12 C to 20 C during

the summer, and thermal stratification is rare due to wind and current patterns.
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Figure 2. Map showing the location of the study area in St. Martin Bay,
Lake Huron.
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Three large (3rd and 4th order) and several smaller (1st and 2nd order)
tributaries enter St. Martin Bay. Based on preliminary sampling, we chose to
sample tributary spawning populations of rainbow smelt in four rivers and creeks,
the Carp River, Nunns Creek, Spring Creek, and St. Martin Creek.
Recreational Fishery

The St. Martin Bay area hosts a recreational dip net fishery that targets
rainbow smelt during spring spawning runs. During my study (1991 to 1993), the
majority of recreational fishing effort was focused on the Carp River, where up to
1000 people participated in the fishery on peak weekend nights. The Carp River
supported a seasonal average of 16,542 hours of recreational fishery activity from

1991 to 1993 (Table 1).

Table 1.

Available stream length and area, peak nightly participation, and average total
. seasonal effort of recreational anglers pursuing rainbow smeit on four study
tributaries.

Stream Length | Stream Area
Available to Available to Participation Seasonal Total
Fishery (m) | Fishery (m? (people) Effort (hours)

i Carp River > 2000.0 > 10,000.0 1043 16,542
Nunns Creek 59.5 757.1 221 4,876 ||
Spring Creek 98.0 227.0 34 532 H
St. Martin Creek 149.3 720.1 47 957 H
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Nunns Creek is a second popular dipping area in the bay, although the
fishery is limited to the lake area and a stream length of approximately 60-m due
to private property. Nunns Creek supported a seasonal average of 4,876 hours of
fishery effort from 1991 to 1993 with up to 221 people participating in the fishery
on peak weekend nights. Most of the smaller tributaries in the bay receive at
least token pressure from the recreational fishery. Recreational fishers
participating in the fishery are highly mobile and move between stream locations
until they are able to locate spawning runs of rainbow smelt. I frequently
encountered anglers who had checked streams between Detour and Naubinway,
Michigan, a distance in excess of 150 km, in a single night.

The purpose of this study was to follow three annual cohorts of rainbow
smelt (1991 to 1993 year classes) from spawning and outmigration from tributaries
through the pelagic larval stage until the cohort had become demersal juveniles in
St. Martin Bay. There were three main areas of research effort: 1. measurement
of vital statistics for tributary spawning stocks; 2. estimation of spawner
abundance, egg deposition, and larval outmigration; and 3. estimation of larval
abundance, growth and survival; and juvenile recruitment in St. Martin Bay. I
have organized this dissertation into three chapters to focus on each of these
research areas.

In Chapter 1, I summarize findings regarding vital statistics of tributary
spawning populations including size composition, age composition, length-weight

relationships, and sex ratios. These data provided information on the status of
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adult populations in the St. Martin Bay region that could be compared to other
regions in the Great Lakes for the same time period and for other time periods in
Lake Huron.

In Chapter 2, I report on findings regarding spawner abundance, egg
deposition, larval outmigration, and egg to outmigrant survival. During three
spawning seasons (1991 to 1993), I indexed the relative abundance of spawners
and measured egg deposition in four representative tributaries in St. Martin Bay.
Because the recreational fishery appeared to have a significant impact on the
density of eggs deposited, I also quantified the effect that the fishery had on egg
densities. I also describe diel and seasonal patterns in larval outmigration from
each of the four study tributaries, which allowed for estimation of total larval
outmigration from each tributary and egg to hatching estimates of survival.

In Chapter 3, I describe spatial patterns in the distribution of larval
rainbow smelt and their zooplankton prey resources during the pelagic larval
period. Once age 0+ rainbow smelt had become demersal (August-September), I
indexed the relative strengths of annual cohorts through a standardized bottom
trawl survey. One of the focuses of Chapter 3 was to identify unique
characteristics of recruited juvenile rainbow smelt. Lake spawning populations
were assumed to spawn later and incubate longer due to colder lake
temperatures, creating temporal segregation in the hatch dates of tributary and
lake spawned larvae. By analyzing sagittal otolith microstructure, I was able to
determine the hatch date distribution of recruited juveniles. I was able to

distinguish between early and late hatching larval cohorts because I had accurate
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measurements of the timing of spawning and larval outmigration of tributary
spawning rainbow smelt (Chapter 2). Finally, I describe interannual patterns in
larval growth, larval survival, and relative contributions of tributary and lake

spawned larvae, and relate these to juvenile recruitment.



CHAPTER 1: VITAL STATISTICS OF RAINBOW SMELT SPAWNING IN
FOUR TRIBUTARIES OF ST. MARTIN BAY, LAKE

HURON

Abstract
Spawning rainbow smelt were sampled in four tributaries to St. Martin Bay, Lake
Huron to estimate population characteristics including size distribution, age
composition, length-weight relationships and sex ratio. Spawners were collected
twice nightly with dip nets from the Carp River, Nunns Creek, Spring Creek and
St. Martin Creek throughout the spawning season from 1991 to 1993. Rainbow
smelt were aged by examining prepared cross-sections of pectoral fin rays. Age
data were used to construct age-length keys to partition the entire sample of fish
into age classes based on length. Length-frequency distributions were not
significantly different (P > 0.05) between the Carp River and Nunns Creek.
Length-frequency distributions of fish sampled from Spring and St. Martin Creeks
were significantly (P < 0.05) larger than those from the Carp River and Nunns
Creek due to the presence of larger, older spawning fish. The slope of length-
weight regression equations decline annually from 1991 to 1993, indicating a
decline in the average condition factor of spawners. Samples of spawning fish
were dominated by males, but the percentage females increased in larger size and
older age classes. Age composition of rainbow smelt from 1991 to 1993 was
significantly younger than age compositions reported in the 1970’s. Because only

two age classes (2+ and 3+) of rainbow smelt contain greater than 90% of the

11
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adult population, production of several consecutive weak year classes could result

in substantial declines in the population abundance of rainbow smelt.

Introduction

The rainbow smelt is an important forage and recreationally-sought species
in Lake Huron. Over the past two decades, the absolute biomass and the biomass
of rainbow smelt relative to other forage species have both declined. From 1975
to 1984, rainbow smelt represented approximately 60% of the total biomass of
forage fish in Lake Huron (Argyle 1994). Since 1986, the relative biomass of
rainbow smelt has declined steadily from 60% to less than 20% of the total forage
biomass in Lake Huron (Argyle 1994). These trends are due to a series of
relatively weak year classes of rainbow smelt since 1986 (Figure 1) causing a
decline in total biomass, and increases in the total biomass of bloaters (Argyle
1994).

Declines in rainbow smelt populations have been attributed to a number of
factors including predation by stocked salmonines, disease (Van Oosten 1947),
parasitism (Schaefer et al. 1982, Henderson and Nepszy 1989), poor recruitment
associated with environmental conditions, and exploitation by recreational
fisheries. Salmonine stocking levels have increased significantly during the past
two decades, resulting in increased forage consumption (Johnson et al. 1994). A
disease outbreak is thought to have resulted in a dramatic die-off of rainbow

smelt in 1943 to 1944 (Van Oosten 1947), while parasitic fungi are thought to
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cause significant mortality in adult rainbow smelt in Lake Superior (Schaefer et al.
1982) and Lake Erie (Henderson and Nepzy 1989). Exploitation by recreational
dip net fisheries has been demonstrated to have significant effects on the
population dynamics of exploited rainbow smelt populations in localized areas.
Frie and Spangler (1985) examined vital statistics of rainbow smelt in South Bay,
Lake Huron during a period of intensive fishing (1948 to 1957) and after
exploitation had ceased (1958 to 1970). They found that the modal ages of
spawning rainbow smelt shifted from 2 to 3 during intensive exploitation to 3 to 4
after exploitation had ended. Total annual mortality decreased from 90% during
a period of exploitation to 67% after exploitation ceased, and relative stock sizes
increased sharply after 1957.

Population dynamics of rainbow smelt in the Great Lakes have been
assessed from spring spawning runs, when concentrations of sexually mature fish
can be sampled using a variety of sampling gears (Luey and Adelman 1984, Frie
and Spangler 1985, Gebhardt 1993). Sampling during this time period allows for
representative sampling of the sexually mature portions of tributary spawning
populations. Estimates of vital statistics including size and age compositions, sex
ratios, and length-weight ielationships can serve as a measure of the current status
of spawning populations. Comparison of current estimates with estimates from
other areas of the Great Lakes during the same time period and estimates
obtained during different time periods provides information about the current

status of spawning populations. Estimates of the age composition allow for
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assessment of the sensitivity of adult stocks to variation in year class strength and
recruitment.

The goal of this study was to estimate vital statistics of populations of
rainbow smelt spawning in tributaries to St. Martin Bay, Lake Huron. My specific
objectives were to:

1. Determine the size and age distributions of spawning rainbow smelt.

2. Identify tributary, size-related, and age related patterns in the sex ratios of
spawning rainbow smelt.

3. Develop length-weight relationships of rainbow smelt from four tributaries
to St. Martin Bay.

Methods

Sampling of Spawning Adults

Sampling of spawning adult rainbow smelt was conducted in four
tributaries to St. Martin Bay: the Carp River, Nunns Creek, Spring Creek, and St.
Martin Creek (Figure 2). In each tributary, sampling was conducted nightly to
assess the vital statistics of spawning populations of rainbow smelt. Sampling was
conducted from April 12 to May 1, 1991, from April 15 to May 4, 1992, and from
April 14 to May 3, 1993 on all tributaries, except for 1991 when Spring Creek was
not sampled. When rainbow smelt were present, samples of fish were collected
using a long handled (1.3-m) smelt dip net (8-mm mesh).

Previous investigators have found that the age and size composition of

spawners changes on a nightly and seasonal basis. To obtain representative
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samples of spawning populations on a nightly basis, tributary samples were
collected twice nightly, once between 22:00 and 01:00 hours and again between
01:00 and 04:00 hours. During each sampling period, I sampled for 45 minutes or
until I had collected a timed sample of 100 fish. Length (nearest mm) and weight
(nearest 0.1 g) were recorded from each fish. Because all fish sampled were in
spawning condition, the sex of sampled fish was determined through extrusion of
gametes.

To obtain representative samples for age determination throughout the
spawning season, I collected pectoral fin samples from a maximum subsample of
50 rainbow smelt per sampling period. This allowed for sampling of bony parts to
occur throughout the course of the spawning run (period ranging from 6 to 11
nights). Approximately 500 (range 481 to 504) fin samples were collected on each
tributary in each year.

Fin Ray Agi

Pectoral fin ray samples were chosen for age analysis for several reasons.
First, scale samples collected from spawning males were difficult to age due to the
presence of nuptial tubercles. Second, some fish lost scales during handling prior
to sample processing. I subsampled collected fin ray samples because of extensive
time involved in the preparation and analysis of fin ray samples. I prepared and
analyzed a subsample of fin rays that was weighted by the overall length and sex
distribution of rainbow smelt collected throughout the spawning season. These

weighted samples were produced for each sampled tributary in each year (N =
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11). Subsample size was 160 samples and usable samples ranged from 134 to 151
samples per tributary for each year (Table 2).

Dried fin rays were placed in a plastic mold and were embedded in
electron microscopy embedding resin (EmBed-812). Each fin ray was then
sectioned using a low-speed radial arm saw with a wafer-thin diamond blade at
the base on the fin-body margin. Each section was then polished with
progressively finer wet-dry sandpaper (220-, 400-, 600-grit) with final polishing
using aluminum polishing powder and a polishing cloth. Each section was
examined under 10X to 50X magnification to identify annuli. Because fin samples
were collected in early spring prior to significant growth, the margin of the fin ray
was assumed to represent the last annuli.

Data Analysis

I used Kolmogorov-Smirnov tests (Siegel 1956, Snedecor and Cochran
1980) to detect differences in the length frequency distribution between males and
females within tributaries and years, between years within tributaries (pooled
sexes), and between streams within years (pooled sexes). When significant
differences were found in the distributions using a two-tailed test, we used one-
tailed tests to determine which distribution had a larger size distribution.

Age data determined from analysis of fin rays was used to construct age-
length keys (Ricker 1975) for each tributary in each year. I tested for differences
between tributaries within years using a Chi-Square contingency tables (Siegel
1956, Snedecor and Cochran 1980). Because I found no significant differences

between tributaries within years, I pooled the age-length keys for all tributaries
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Table 2. Subsample sizes and the number of readable fin ray samples
used to estimate age composition of spawning rainbow smelt
sampled from four tributaries to St. Martin Bay, Lake Huron
from 1991 to 1993.

Subsample
Size

1991 Carp River 160 139
1991 Nunns Creek 160 137
1991 St. Martin Creek 160 143
H 1992 Carp River 160 137
I 1992 Nunns Creek 160 140
1992 Spring Creek 160 153
1992 St. Martin Creek 160 139
1993 Carp River 160 145
1993 Nunns Creek 160 140
I 1993 Spring Creek 160 141

St. Martin Creek

All Tributaries
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within years to form a single age-length key for each year. As chi-square tests
indicated significant differences in the age length keys between years, I used age-
length keys specific to each year in subsequent analysis. Age-length keys were
used to partition overall length frequency data into age frequency data for each
year.

Length-weight relationships (Ricker 1975) were determined as follows:

log, (W) = a + b log,,(1)

I used analysis of covariance (Steel and Torrie 1980) to test for significant

differences between the slope and intercept of length-weight regression equations.

Results

I b-F Distributi
Length-frequency distributions for the Carp River, Nunns Creek, Spring
Creek, and St. Martin Creek are shown in Figures 3 to 6, respectively. Greater
than 90% of fish sampled during spawning runs were between 110 to 170 mm in
total length. Female rainbow smelt had significantly larger mean lengths than
males for all tributary-year combinations (Tables 3 to S). Length frequency
distributions of female fish were significantly larger than the distributions of males

in 9 of 11 tributary-year combinations tested (Table 6). I found no significant
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differences in length-frequency distributions between sexes for 1992 samples
collected at the Carp River and St. Martin Creek.

Length-frequency distributions of rainbow smelt were significantly larger in
1991 than in 1992 or 1993 for all tributaries sampled from 1991 to 1993 (Table 7).
These length-frequencies were significantly larger in 1992 than 1993 in the Carp
River and St. Martin Creek, but not for fish from Nunns and Spring Creeks.
There was a steady decline in the mean length of rainbow smelt on all tributaries
during the three years of this study (Figure 7).

I found significant differences in the length frequencies of spawning
tributaries within years (Table 8). A general pattern that emerged from these
tests was that length frequency differences were as follows: Carp River < Nunns
Creek < (St. Martin Creek = Spring Creek). Mean lengths within years were
always smallest at the Carp River and largest at either St. Martin Creek or Spring
Creek. There was an inverse relationship between recreational fishing intensity
on tributaries and mean lengths of spawning rainbow smelt (i.e. tributaries with
the lowest recreational fishing intensity (Spring and St. Martin Creeks) had the
largest mean lengths, while tributaries with the highest recreational fishing

intensity (Carp River and Nunns Creek) had the smallest mean lengths.
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Figure 3. Length frequency distribution of spawning rainbow smelt collected
from the Carp River (Mackinac County, Michigan) from 1991 to
1993.
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Figure 5. Length frequency distribution of spawning rainbow smelt collected
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Sample size, mean length (mm), standard errors (SE), and range in

lengths of rainbow smelt sampled from four tributaries to St. Martin
Bay, Lake Huron in 1991.

Tributary Sample
Size
1991 | Carp River Male 718 139.73 0426 110 - 173
1991 | Carp River Female 332 142.58 0.818 107 - 198
L 1991 | Nunns Creek Both 1594 143.48 <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>