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The Guide for the Care and Use of Laboratory Animals notes that 
researchers and personnel should take noise into consideration 
when creating and maintaining an environment for laboratory 
animals.4,15,27 The effects of excessive noise can range from 
inadvertent triggering of audiogenic seizures to behavioral 
changes that could confound phenotyping or other behavioral 
tests.2,3,4,6,26, 27 Studies have linked noise to stimulation of the 
neuroendocrine stress response system.27 Through chronic or 
chronic–intermittent stimulation of the stress response system, 
audiogenic stressors have been linked with physiologic changes 
such as hypertension, cardiac hypertrophy, altered electrolyte 
metabolism, changes in immune responses, altered estrus cycles, 
decreased fertility, and increases in the number of prematurely 
terminated pregnancies.17,18,20,24,26,27

Although noise is generally considered deleterious to rodent 
health, the effects of noise from facility construction on rodent 
reproductive efficiency have not been characterized thoroughly. 
We sought to quantify the effects of construction noise on rodent 
fetal viability and neonatal growth before expansion of our 
institution’s animal facility. Because the expansion involved 
building immediately adjacent to the existing vivarium and 
connecting the 2 buildings into a single contiguous structure 
(Figure 1), investigators and laboratory animal health personnel 
were concerned that noise from construction would decrease 
mouse reproductive efficiency and have deleterious effects on 
research. Our specific goals were to characterize ambient noise 
within our animal facility and noise associated with construc-
tion activities and to determine the effects of this noise on fetal 
viability and neonatal growth.

Sound is characterized primarily based on amplitude and 
frequency.1,14,27 Amplitude refers to the ‘intensity’ of a sound 
and is measured on a decibel (dB) scale.1,14,27 A decibel meas-
urement is determined by taking the unit measure for sound 

pressure amplitude, the pascal (Pa), and converting this number 
to a decibel scale by using the sound pressure level (SPL). The 
SPL is a logarithmic scale that allows for the measurement of 
a large range of pressure variations detectable by the human 
ear.1,14 More specifically, the intensity of sound measured in this 
manner is referred to as ‘dB SPL.’ Pitch, or perceived frequency, 
is a measure of how many sinusoidal oscillations occur during 
1 s and is measured in hertz (Hz).1,14,27 Factors affecting the per-
ception of sound include loudness and pitch as well as whether 
the sound is transmitted through a structure or is airborne, the 
distance of the sound from its source, and whether any back-
ground noise (which may mask the original sound) is present. 
Vibration conducts groundborne noise. When interior surfaces 
are excited into motion by vibration, they can radiate sound.

Noise levels that are disturbing to people may not necessar-
ily be disruptive for mice; the converse is also true. The range 
of frequencies readily detected by humans is between 20 Hz 
to 20 kHz.13 Sound frequencies too high for human perception 
are defined as ultrasonic.13 Much of the hearing range of mice 
(1 to 91 kHz at 60 dB SPL) is ultrasonic.13,23 This difference in 
hearing ranges places much of a mouse’s range above what is 
audible to people and renders sounds at the lower end of the 
human range inaudible to mice.

The A-weighted noise level, abbreviated as dBA, is a single 
number representing the energy sum of the noise (sound), 
adjusted by frequency (that is, taking into account spectral 
content). The frequency weighting curve (A weighting) closely 
represents the frequency response of the human ear to environ-
mental noise. Even though mouse hearing is more sensitive to 
ultrasound than is human, most construction noise sources lack 
energy in the ultrasonic range (data not published28). Further, 
available instrumentation (noise loggers) and literature (equip-
ment noise reference data) already make use of A weighting and 
are developed for the range of human hearing.

Before the expansion of our facility, we set forth to establish 
criteria for disruptive noise levels. We first characterized am-
bient daily noise within the vivarium and then compared this 
ambient noise with that of construction activities likely to cause 
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were operating in all spaces. Additional noise monitors were 
stationed on the exterior of the building at the construction sites 
to establish preconstruction outdoor noise levels over several 
days. In addition, the exterior shell was evaluated to determine 
the composite sound transmission loss provided by the concrete 
walls and the glass windows of the vivarium. Noise generated 
outside of the building was compared with that recorded inside 
the building to calculate noise attenuation across the concrete 
walls and glass windows of the vivarium.

To help establish potential effects of construction, noise 
monitors were placed in holding and procedure rooms during 
scheduled demolition of the concrete floor and slab foundation 
associated with an autoclave located on Level 1 of the vivarium. 
Short- and long-term noise monitoring measured noise trans-
mission from Level 1 to Levels 3 through 5 during electric and 
pneumatic jackhammer use.

Finally noise generated by construction equipment, similar 
to what will be used during our building breakthroughs, was 
monitored and recorded. The test noise consisted of operating a 
hammer drill on the exterior wall and measuring noise levels at 
nearby locations within the building. The frequencies and inten-
sity of the noise generated, along with the construction materials 
found in our facility, were used to predict sound attenuation 
horizontally at the site of our breakthroughs (Figure 2).

Mice. This study was conducted at an AAALAC-accredited 
facility after the institutional animal care and use committee 
approved the research project. The study population comprised 
120 female Tac:SW mice (age, 10 wk; Taconic, Germantown, 
NY). We chose Swiss Webster mice because they segregate the 
Cdh23 allele for hearing loss with no correlation between allele 
type and hearing function and, as a result, experience minimal 
age-related hearing loss.8,9,10,22,29 Mice were provided free access 
to irradiated feed (LabDiet 5053, Purina Mills International, St 
Louis, MO) and bottles containing chlorinated (2 ppm) water. 
Mice were maintained in a rodent housing room in which 
sentinel mice exposed to dirty bedding are comprehensively 
screened on a quarterly basis by using serology, bacteriology, 
and parasitology. Mice were housed 5 mice per cage in standard-
sized ventilated microisolation caging (Thoren, Hazleton, PA) 
on irradiated corncob bedding (Bed-o’cobs and Pure-o’cel, 
The Andersons, Maumee, OH) supplemented with a synthetic 
absorbent material (ALPHA-dri, Shepherd Specialty Papers, 
Milford, NJ). Bedding was changed once weekly within a 
ventilated cage-change station by trained animal care staff. 
All mice were maintained on a 12:12-h light:dark cycle; animal 
room temperatures ranged between 20.0 and 22.2 °C (68 and 
72 °F), with relative humidity ranging between 30% and 70%. 
Ambient continuous noise levels in the housing room ranged 
between 61 and 63 dBA. Maximal measured transient noise 
levels in the housing rooms ranged between 80 and 87 dBA. 
Room air changes were set for 10.5 changes hourly, with venti-
lated racks (external blower motors exhausting into the building 
heating–ventilation–air conditioning system) supplying ap-
proximately 50 air changes hourly to each cage. After arrival 
at our facility, mice were allowed to acclimate for 1 wk before 
embryo implantation.

Embryo implantation. Personnel in Transgenic Laboratory 
Services (The Rockefeller University) performed embryo im-
plantation of the Swiss Webster mice used in the gestational 
and neonatal growth experiments. B6CBAF1/J embryo donor 
mice were delivered to our facility at 4 wk of age; these mice 
were reported to be seronegative for Ectromelia virus, murine 
rotavirus, lymphocytic choriomeningitis virus, mouse hepatitis 
virus, mouse parvovirus, minute virus of mice, murine noro-

disruption. The data from these studies allowed us to establish 
guidelines that set limits for construction-generated noise. In 
addition, we designed a composite noise barrier to help attenu-
ate noise from outside construction activities. Because noise 
levels were expected to exceed our established limits even with 
the use of noise barriers, we designed a study to evaluate the 
effects of construction-generated noise on mouse reproduction 
and neonatal growth. Our hypothesis was that high levels of 
construction noise would decrease the number of live births 
and retard neonatal growth.

Materials and Methods
Baseline noise levels. To establish baseline noise levels within 

the facility, we first examined areas of the vivarium where 
noise likely would be most deleterious to rodent colonies. 
Noise-sensitive areas were determined to be Levels 2 through 
5 of our building. On these levels, labs and procedure rooms 
were directly adjacent to the east wall of the vivarium, where 
the future annex would be constructed. Animal-holding rooms 
located toward the core of the building just west of the labs and 
procedure rooms adjacent to planned breakthrough sites of the 
exterior wall were determined to be in a region where noise 
levels likely would exceed established noise limits (Figures 1 
and 2).

Short-term (20 min) and long-term (4 d) noise measurements 
(Nor140 noise monitor, Norsonic, Lierskogen, Norway) were 
conducted in 3 procedure rooms and 4 mouse-holding rooms, 
respectively. For the long-term noise measurements, noise 
monitors were used to log statistical hourly noise levels for 1 
wk. Noise monitors were located in a central position in each 
room, typically on top of rodent housing racks. Short-term 
measurement data were acquired by digitally recording and 
analyzing ambient noise samples for about 20 min. All noise 
data were evaluated in terms of the common acoustical metric, 
Leq, which refers to the energy-equivalent sound level. Statisti-
cal distribution descriptors, L1, L10, and L90, were also used. The 
numerical subscript represents the measurement duration in 
minutes. Noise was reported by using an A-weighted sound 
scale (dBA). Room heating, cooling, and ventilation systems 

Figure 1. Expansion of the vivarium. Illustration of the future annex 
abridging the existing vivarium and an adjacent research building 
(East–West section). The annex expansion is a 4-story building de-
signed to be contiguous with the existing vivarium.



365

Construction noise impairs mouse reproduction

placed within a cage to help to gauge sound levels and adjust 
speaker volume. A reference monitor (model MR5, Mackie, 
Woodinville, WA) was used to amplify the concrete saw sound 
sample and was adjusted until the noise sample could be run 
at both 70 and 90 dBA.

The control and experimental groups were housed in ven-
tilated racks as described earlier. The control group was not 
exposed to the concrete saw noise sample and control animals 
were not transported to the experimental housing cabinet. For 
the experimental groups, the pregnant mice were left in their 
cages, with filter tops and water bottles removed. The cages 
then were placed in the cabinet for the 1-h exposure period. 
During the experimental phase, the sound meter was calibrated 
daily and was used to monitor sound output levels from the 
reference monitor. Depending on the subgroup, mice were 
exposed to either an Leq noise level of 70 ± 2 dBA (range, 68 to 
72 dBA) or 90 ± 2 dBA noise daily at about the same time each 
afternoon. After 1 h, the pregnant mice were returned to their 
usual housing conditions.

Mice were housed individually during the last 48 h of gesta-
tion and were observed in the morning and afternoon for signs 
of parturition. The number of live pups born, weight of each pup 
at birth, and number of stillborn pups were recorded.

Neonatal growth study. The control group from the gestational 
experiment was used for the neonatal growth study. Mice were 
monitored twice daily for signs of parturition. The number of 
live pups, number of stillborns, and the combined weight of 
all pups at birth were recorded. In addition, we tracked the 
individual weight gain of 3 neonates per litter from the day of 
birth through day 7 after parturition.

Dams with their litters remained in their home cages and were 
placed in the experimental cabinet for the daily 1-h exposure 
period. The sound-level meter (type II, model 824, Larson Davis) 
was calibrated daily and used to monitor sound output levels 
from the reference monitor (model MR5, Mackie). The control 
group of 9 mice and their litters were not exposed to the sample 
of concrete saw noise; each of the 3 experimental groups (5 dams 
each) was exposed for 1 h daily to an Leq noise level of 70 ± 2, 
80 ± 2, or 90 ± 2 dBA noise at approximately the same time each 
afternoon for the first 7 d after parturition. After the experiment, 
dams and litters were returned to their usual housing condi-
tions. Weights of individual pups were recorded once between 
1400 and 1600 each day during the monitoring period from the 
day of birth through day 7 after parturition.

Noise monitoring and regulation during building construction. 
For continuous noise monitoring throughout the construction 
process, noise monitors (Nor140, Norsonic) were placed at 2 
locations outside the building and in at least 1 room on each 
floor inside the vivarium. Monitors were linked to a website 
(maintained by Wilson, Ihrig, and Associates) that logged ongo-
ing noise and accommodated retrospective access of suspected 
noise disturbances for any given date or time during the record-
ing process. The website also was triggered to contact specific 
research personnel via text message and email notifications if 
the levels of noise exceeded our established noise limits

Statistical analysis. Two-tailed t tests (Excel, Microsoft, Red-
mond, WA) were used to analyze numbers of stillborn pups, 
comparing ambient noise levels and noise treatment groups. 
Two-tailed t tests also were performed to compare the litter size 
of control groups with experimental groups exposed to noise 
during the peri-implantation period.

For neonatal growth studies, differences in weights among 
groups were compared in 2 ways. We first calculated the average 
weight of each litter for days 1 and 7, calculated the difference in 

virus, pneumonia virus of mice, reovirus, Sendai virus, and 
Mycoplasma pulmonis and were also reported to be free of bacte-
rial and parasitic infections. After a 1-wk acclimation period, 
donor mice were induced hormonally to superovulate and then 
mated with proven male mice (2:1 breeding ratio). Insemination 
was confirmed by the presence of a vaginal plug. Only 2-cell 
embryos were harvested and subsequently transferred to the 
recipient Swiss Webster mice. Prior to embryo transfer, Swiss 
Webster recipients were exposed to vasectomized male mice. 
Pseudopregnant Swiss Webster mice received tribromoethanol 
(5 mg/10 g body weight IP; Sigma-Aldrich, St Louis, MO), were 
prepared for aseptic surgery, and implanted with 15 embryos. 
After recovery from anesthesia, surrogate dams were returned 
to their home cages and were considered to be in the E2 stage 
of pregnancy the day after embryo transfer.

Gestational study. After embryo transfer, female Tac:SW mice 
were allocated randomly into a single control group of 24 mice 
and 4 experimental groups. The experimental groups were 
exposed for 1 h daily to a 6-min continuously looped audio 
sample of structure-borne noise from concrete saw cutting 
(provided by Wilson, Ihrig, and Associates, New York, NY) with 
dominant energy between 2 to 8 kHz. Daily noise exposure was 
administered between 1300 and1600 hrs. Experimental groups 
were as follows: group 1A (5 mice) was exposed to 90-dBA noise 
from the day after embryo transfer (E2) through E7; group 1B 
(9 mice at 90 dBA and 8 mice at 70 dBA) were exposed to noise 
during days E4 through E7; group 2 (13 mice at 90 dBA and 13 
mice at 70 dBA) experienced noise on days E8 through E14; 
and group 3 (13 mice at 90 dBA and 12 mice at 70 dBA) were 
exposed to noise on days E15 until the end of the gestational 
period (E21; Figure 3).

An experimental housing cabinet with sound-attenuating 
properties was placed in a procedure room for use during the 
noise exposure study. Before experimentation, cages without 
mice were placed in various locations throughout the cabinet. 
A sound-level meter with attached microphone (Type II Sound 
Level Meter, model 824, Larson Davis, Provo, UT) then was 

Figure 2. Noise transmission from construction into the vivarium. 
Conceptual illustration predicting the radius of noise attenuation to 
vivarium rodent-holding rooms during construction activities occur-
ring at breakthrough points on each floor.
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building to attenuate sound as it moved through the building 
to the upper floors of the vivarium.

Previous analysis of construction equipment used for the 
facility expansion demonstrated that noise levels during con-
struction were 95 to 110 dBA and most construction equipment 
would have predominant energy at or below 10 kHz (data not 
shown). Construction equipment can generate noise at higher 
frequencies (above 10 kHz). However, much of the noise in the 
ultrasonic range (above 20 kHz) tends to be of substantially 
lower intensity (data not published).28 Noise data of concrete 
saw cutting (data not shown) indicated relatively low levels 
of noise in the ultrasonic frequency range compared with the 
dominant saw noise energy between 2 and 8 kHz.

The exterior concrete wall provided substantial attenuation 
of construction noise transmitted to the interior of the building. 
The windows facing the construction site, however, did not 
have as substantial sound attenuation properties. Noise barri-
ers made from composite materials were designed to improve 
the attenuation of noise transmission by the windows. The 
barriers consisted of 2 layers of 5/8-in. thick exterior sheathing 
on metal studs with mineral wool insulation. Noise barriers 
were installed on the outside surface of all windows facing the 
construction site.

Exterior to interior sound transmission studies with and 
without the window barriers confirmed the high level of sound 
attenuation achieved. In addition, attenuation was much greater 
for high-frequency noise than low-frequency noise, suggesting 
that ultrasonic noise produced outside will have virtually no 
effect on the rodent colonies inside the building.

average litter weight between days 1 and 7, and then compared 
these differences among groups by using ANOVA. We also 
calculated the individual change in weight between day 7 and 
day 1 for 3 pups in each litter. We examined the association of 
noise group on the weight change of individual pups between 
days 7 and 1 by using a linear regression model with general 
estimating equations to correct for correlations between pups 
within a litter (SAS version 9.1, SAS Institute, Cary, NC).

Results
Baseline noise evaluation. Ambient noise levels within 

rodent holding rooms averaged between 61 and 63 dBA Leq 
with staff-generated transient noise spikes of 80 to 87 dBA Lmax 
during working hours (Figure 4). The ambient noise levels on 
the order of 60 dBA resulted from the continuous operation of 
the ventilated microisolation racks. Building HVAC and rack 
ventilation noise was predominantly low-frequency (below 8 
KHz) and therefore mostly below the hearing range of mice 
(Figure 5). Noise monitors were centrally located within rooms 
to allow for accurate comparison of ambient noise. Noise lev-
els perceived by mice, however, may actually differ from that 
recorded outside their cages. Sound was attenuated by 2 dBA 
inside the cage when compared with noise levels immediately 
outside the cage.

Our analysis of a slab demolition conducted within the vivar-
ium showed noise levels of 10 kHz and higher as the result of 
jackhammer use (Figure 6). Despite the high sound levels near 
the slab at the lower floors, substantial noise reduction to upper 
floors during this activity demonstrated the potential for the 

Figure 3. Experimental design. Duration and gestational timing of noise exposure. In the gestational study, noise was provided during the first, 
second, and third weeks of gestation (experimental groups 1B, 2, and 3). An additional treatment group received noise exposure from E2 (the 
peri-implantation period) through E7 (experimental group 1A). For the neonatal study, mice with litters were exposed to noise during the first 
week after parturition. (experimental group 4). Individual subgroups were exposed to either 70, 80, or 90 dBA.
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to noise of 70 or 90 dBA as compared with the control dams. In 
particular, the average litter size of the mice exposed to 90 dBA 
during the peri-implantation period (5.8 pups) was significantly 
(P = 0.005) smaller than that of controls (10.2 pups).

Effect of noise on neonatal growth. During the first 7 d after 
birth, the pups’ weight increased over time as expected and 
varied depending on litter size. Growth rates of litters exposed 
to noise did not differ significantly when pooled weights [P = 
0.93 (ANOVA)] or individual weights [P = 0.64 (linear regres-
sion model)] were compared with those of mice not exposed 
to noise (Figure 8).

Discussion
Our ambient noise study revealed that mice within our 

vivarium are exposed continuously to moderate (less than 65 
dBA) levels of noise. Background noise levels found in housing 
rooms originated mainly from the building heating, ventila-
tion, and cooling systems and the rack ventilation systems. 
This background noise is predominantly low-frequency and 
therefore mostly inaudible to the mice. In procedure rooms, 
most of the noise generated was due to human activity during 
normal working hours. This finding is consistent with a previ-
ous study,27 which established that most vivarium noise either 
originates from personnel within the facility or is the result of 
animals responding to personnel within the facility.

Noise limits for construction were established based on the 
ambient noise levels logged in the rodent housing rooms. Be-
cause mice housed within the vivarium were maintained in an 
environment that routinely exposed them to moderate levels of 
noise, we predicted that continuous noise below 65 dBA would 
not have a negative effect. We established that noise should 
not exceed 75 dBA for 1 h and set a maximum noise allowance 
of 85 dBA. The 85-dBA noise limit was based on preliminary 
studies evaluating the behavior of nursing dams: mice exposed 
to 90 dBA of noise stopped nursing pups during the period of 
noise exposure (data not shown). Ultrasonic noise measurement 
data for construction equipment at close range is an area for 
further study because building elements such as walls, floors, 
or other potential transmission paths act as a mechanical filter 
and attenuate higher frequencies more substantially than lower 
frequencies.

Because noise exposure from construction activities was 
predicted to exceed these limits, we secured composite noise 
barriers over windows to increase noise attenuation across 
glass. The composite barriers kept noise levels within estab-
lished limits during most outdoor construction activities. With 
the exception of a few construction activities, such as breaking 
through walls to connect the new building to the old, the com-
posite barriers provided adequate sound attenuation of exterior 
construction noise. For the breakthroughs, supplementary noise 
barriers were installed inside the building to minimize noise 
transmission to the nearest housing rooms.

In our study, we attempted to isolate noise exposure as an 
independent variable in both the gestational and neonatal 
growth studies. Other external factors, such as cage changes, 
transportation of cages to the sound chamber or other envi-
ronmental factors, although unlikely, may also influence fetal 
viability. We used a simulated noise sample as the independent 
variable. This simulated noise from the amplifier may have 
caused the mice to experience some limited mechanosensation 
during noise transmission, which could have contributed to the 
overall observed effects on fetal viability.

Our gestational study revealed a statistically significant 
correlation between the number of stillborn pups and noise 

Effect of noise on gestation. Only 1 of the 245 pups born to 
the control group of 24 mice was stillborn. In comparison, more 
pups were stillborn when mice were exposed to noise during 
the first (P = 0.016), second (P = 0.024), or third (P = 0.031) week 
of pregnancy (Figure 7). Although the effect varied among ex-
posure groups, more pups were stillborn from dams exposed 

Figure 4. Ambient noise is increased due to human activity. The lines 
represent 24-h noise measurements taken from a rodent-holding room 
and are depicted as time-weighted, energy-equivalent noise levels 
(Leq). Statistical distribution descriptors were used, L1, L10, and L90, 
where the numerical subscript represents the measurement duration 
in minutes. Lmax and Lmin depict noise of the highest and the lowest 
intensities recorded during the measurement time period. Noise is in-
creased during normal working hours, primarily because of human 
activity.

Figure 5. Ambient noise in the vivarium. These representative 24-h 
spectral time-weighted averages (Leq) of measured noise levels were 
taken from 4 rodent-holding rooms. The figure illustrates the noise 
generated as it correlated to frequency and human and mouse hearing 
ranges (shown above graph lines).
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species, noise is one of the first sensory systems that allows 
them to respond to predators.26

Noise exposure has been linked to increased levels of plasma 
catecholamines (norepinephrine and epinephrine).11,17 In rats, 
norepinephrine infusion acutely reduces ovarian and uterine 
blood flow,11 and in guinea pigs, infusion of norepinephrine 
decreases placental blood flow by 24% to 46%, depending on 
the dose administered.17 Therefore, increased norepinephrine 
could cause decreases in blood flow that could adversely influ-
ence implantation and fetal health.

High levels of noise activate the neuroendocrine response 
system and increase corticosterone levels in rodents.27 Increased 
corticosterone levels induced by restraint during the peri-im-
plantation period can lead to implantation failure in rodents.12 
In addition, changes in maternal plasma cortisol levels impair 
fetal and placental growth in sheep.18 Thus, fetal health could 
be influenced by neuroendocrine-induced changes in placental 
blood flow, fetal hormone levels, or placental structure.

Corticosteroids have a direct effect on estrogen and progester-
one levels.5,12 Estrogen and progesterone in turn differentially 
regulate the expression and secretion of inflammatory cytokines 
IL1α and IL6, which directly influence mouse blastocyst 
implantation.5,12,16,25 In rats, restraint increases IL1 expression in 
the brain and IL6 expression in the liver.12 IL1 is present in early-
stage embryos and may have a role in embryo implantation.5,12,25 
IL6 reduces the rate of blastocyst attachment and embryo out-
growth in culture.12,16 Increases in IL1α and IL6 expression as a 
result of noise-induced elevations in corticosterone levels may 
explain the reduced litter size in mice exposed to noise during 
the peri-implantation period.

We hypothesized that daily noise exposure would disrupt 
nursing or alter the maternal behavior of dams, resulting in 
retarded pup growth rates. However, the data revealed that 1 h 
of noise exposure daily at 70, 80, or 90 dBA does not significantly 

exposure, even at 70 dBA for 1 h daily, and noise exposure 
during the peri-implantation period decreased litter size. These 
reproductive effects could be related to a “fight-or-flight” re-
sponse that noise may trigger in plasma catecholamines and 
the neuroendocrine system.4,7,11,12,17,18,21,26,27 As mice are a prey 

Figure 6. Noise generated from construction activities. These noise 
measurements were taken during a jackhammer slab demolition on 
the first floor. High-decibel noise was present at high frequencies 
(greater than 8 kHz) well within the hearing range of mice.

Figure 7. Noise affects litter size and the number of stillborn pups. Noise during the first (excluding the peri-implantation period), second, and 
third weeks of gestation increased the incidence of stillborn pups (Experimental groups 1B, 2, and 3). Noise exposure during the peri-implanta-
tion period decreased litter size (Experimental group 1A). *, P < 0.05.
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alter pup growth rates. Perhaps 1 h of noise exposure does not 
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ing maternal behavior enough to reduce milk ingestion by pups 
over 24 h, resulting in retardation of growth rates. Additional 
studies with longer noise exposure times need to be conducted 
to test this hypothesis.
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are necessary in order to better understand the physiologic 
mechanisms by which noise compromises fetal health.
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Figure 8. Growth rates of neonatal pups exposed to noise. Average 
growth weights of pups from similar-sized litters exposed to ambi-
ent noise (control, n = 80 pups; 70 dBA, n = 44 pups; 80 dBA, n = 60 
pups; and 90 dBA, n = 52 pups). During the first 7 d after birth, the 
pups’ weight increased over time as expected, and daily 1-h exposure 
to noise had no significant effect on growth rates.
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